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Abstract: The body’s normal immune response against any invading pathogen that causes infection
in the body results in inflammation. The sudden transformation in inflammation leads to the rise
of inflammatory diseases such as chronic inflammatory bowel disease, autoimmune disorders, and
colorectal cancer (different types of cancer develop at the site of chronic infection and inflammation).
Inflammation results in two ways: short-term inflammation i.e., non-specific, involves the action
of various immune cells; the other results in long-term reactions lasting for months or years. It is
specific and causes angiogenesis, fibrosis, tissue destruction, and cancer progression at the site of
inflammation. Cancer progression relies on the interaction between the host microenvironment and
tumor cells along with the inflammatory responses, fibroblast, and vascular cells. The two pathways
that have been identified connecting inflammation and cancer are the extrinsic and intrinsic pathways.
Both have their own specific role in linking inflammation to cancer, involving various transcription
factors such as Nuclear factor kappa B, Activator of transcription, Single transducer, and Hypoxia-
inducible factor, which in turn regulates the inflammatory responses via Soluble mediators cytokines
(such as Interleukin-6, Hematopoietin-1/Erythropoietin, and tumor necrosis factor), chemokines
(such as Cyclooxygenase-2, C-X-C Motif chemokines ligand-8, and IL-8), inflammatory cells, cellular
components (such as suppressor cells derived from myeloid, tumor-associated macrophage, and
acidophils), and promotes tumorigenesis. The treatment of these chronic inflammatory diseases is
challenging and needs early detection and diagnosis. Nanotechnology is a booming field nowadays
for its rapid action and easy penetration inside the infected destined cells. Nanoparticles are widely
classified into different categories based on their different factors and properties such as size, shape,
cytotoxicity, and others. Nanoparticles emerged as excellent with highly progressive medical inven-
tions to cure diseases such as cancer, inflammatory diseases, and others. Nanoparticles have shown
higher binding capacity with the biomolecules in inflammation reduction and lowers the oxidative
stress inside tissue/cells. In this review, we have overall discussed inflammatory pathways that
link inflammation to cancer, major inflammatory diseases, and the potent action of nanoparticles in
chronic inflammation-related diseases.
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1. Introduction

Cancer is the main leading cause of most deaths worldwide nowadays [1]. The con-
necting relation between cancer and inflammation was observed for the first time in the 19th
century by Rudolf Virchow (a German scientist from Wurzburg), who founded the possible
indication that inflammation may play a vital part in tumor progression and development.
It was mentioned that “lymphoreticular infiltrate” showed the development of tumor cell
progression at the site of chronic inflammation [2]. The body’s defense mechanism starts
working against a particular internal cell or tissue damage that is caused by a foreign
body (such as an irritant, pathogens, or any injury). The body’s WBCs launch a biological
response to invade that pathogen as a process of healing [3]. This involves the release of
chemicals that trigger the immune system, releases antibodies and proteins, and increases
the supply of blood flow to damaged and injured areas. It usually lasts for hours or days
in case of certain inflammation (acute). Over a prolonged period, chronic inflammation
results in DNA damage and may give a home to cancer development such as Crohn’s
disease and Ulcerative colitis. The longer the inflammation lasts, the higher the risk of
carcinogenesis. Chronic inflammation is long-term and lasts for years, and it may lead
to DNA damage and progress to cancer [4]. Approximately 20% of cancers are linked to
infections (hepatitis B and C virus is one of them) [5]. Chronic inflammation is character-
ized by prolonged cell/tissue injuries, invasion, damage-induced cellular proliferation,
tumorigenesis, and metastasis [6]. Chronic inflammation is associated with neoplasia [4].
Inflammation associated with cancer is imposed to fast emergence to resist drugs, showing
an attractive targeting strategy to achieve prevention, fast recovery, treatment, and therapy
of cancer [7]. The infection that triggers the chronic inflammation increases the chances of
cancer risk during injury and progression of infection (Figure 1) (such as helicobacter pylori
for hepatocellular carcinoma, mucosal lymphoma and gastric carcinoma, hepatitis virus for
liver and cervical cancer, and other inflammatory bowel diseases aligned with colorectal
cancer). Chronic inflammation involves various steps in cancer progression such as tumori-
genesis, cellular transformation, invasion, angiogenesis, proliferation, and metastasis [8].
The gastrointestinal system is a notable site for a proportion of these linked tumors from the
pharynx as many distal cancers emanate chronically in inflamed gastrointestinal tissue [9].
Hepatitis B and C viruses are responsible for approximately 80% of hepatocellular carci-
noma cases and human papilloma, the leading cause of anogenital cancer [10]. Macrophage
expresses about 10-20% of mononuclear cells found in the lamina of the intestine and
plays a vital part in chronic inflammatory responses. Neoplastic cells are capable to allure
different types of cells through the secretion of extracellular protease, and cytokinesis by
various cells in the tumor microenvironment (TEM) [11]. Interleukin-10 is secreted by
macrophages and tumor cells, which inhibits cytotoxic T-cells and suppresses the immune
response contrary to the tumor [12]. STAT3 plays a vital role in cell proliferation, signaling,
invasion, and angiogenesis, its activation is induced by phosphorylation on Tyr 705 residue.
NF-kB regulates differentiation and activation of inflammatory T-cells and mediates the
proliferation of cancerous cells, metastasis, angiogenesis, and survival by regulating the
expression of the target genes: Bcl2, TNF-«, B-cell lymphoma, XS, XL, XIAP (X-linked, an
inhibitor of apoptosis protein 3), and Interleukin 6, IKK (IkB kinase) complex. Catalysis is
usually carried out by heterodimeric kinase that consists of two subunits, IKKx and IKK,
which help in the regulation of NF-kB signaling pathways. IL-1 and TNF-o work to acti-
vate NF-kB, creating a feedback loop. Chemokines have the ability to activate leukocytes
precisely at a specific site and they may stimulate cells to secret proteolytic enzymes that
aid the digestion of extracellular matrix and provides the desired path to inflammatory
cells for migration and metastasis [13]. Its persuaded migration includes tumor stroma and
Macrophage chemotactic protein (MCP-1). Chronic inflammation is described by infiltra-



Molecules 2023, 28, 4413

30f19

tion, sustained tissue damage, and dysplasia [6]. Chronic intestinal inflammation causes a
mutation in TP53 and other cancer cells inside epithelial cells. Macrophages secrets a high
number of bioactive products; these macrophages accompany other leukocytes and give
rise to excessive amounts of Reactive oxygen species to fight against infection, continuous
damage to tissue, and deleterious cell agents. They may give rise to mutagenic factors such
as peroxynitrite (reactive, oxidant), which leads to a mutation in the epithelial and stroma
cells when reacting with DNA. TNF-alpha may be released by T-lymphocyte [14].
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Figure 1. The cascades of inflammatory pathways leading to the onset of cancer, Protein inhibitor of
activated STAT (PIAS), NF-k§3 (Nuclear Factor Kappa (3), IKB (Inhibitor of Nuclear Factor Kappa $),
JAK (Janus Kinase), and TYK? (Tyrosine Kinase).

2. Inflammatory Factors Involved in Cancer Transformation

Inflammation, when it became chronic, settles down the body’s normal inflammatory
process, creating a favorable environment for the development of cancerous cells. There are
numerous signaling pathways that are key contributors to generating epigenetic changes
outside and inside the cell. The transformation of normal cells to malignant cancerous cells
or neoplasms is a multistep process [15]. Many cancers microenvironments can become
chronic inflammatory conditions resulting in chronic infections, consumption of tobacco,
alcohol, smoking, obesity, and environmental pollutants that can impact the steps of tumor
development [16]. Inflammatory angiogenesis is involved in the genesis of new blood
vessels from existing vasculature and contributes to tumor development [17]. NF-kB and
STATS3 are regulated by the majority of angiogenic genes such as IL-8 and hypoxia-inducible
factor 1 alpha. An activator in these signals, along with depletion in TAM, plays a vital role
in the reduction of the angiogenic tumor environment [18].

2.1. Macrophages and Denticles Cells

Macrophages consist of closely linked bone marrow cells, blood monocytes, macrophages
of tissues, and a constituent part of the mononuclear phagocyte system. Macrophages primar-
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ily have three major vital roles, phagocytosis, presentation of antigens, and in immunomod-
ulation by producing different cytokinesis and growth factors [19]. Macrophages help in
maintaining and initiating inflammation [20]. The secreted pro-inflammatory mediators
have a necessary part in the growth of fibroblasts and blood vessels, and in tissue remod-
eling and regeneration [21]. The process is activated and deactivated by inflammatory
processes such as activating signals i.e., cytokinesis and TNF-« are deactivated by removing
mediators and inflammatory effector cells. Interleukin 10 helps in the deactivation of acti-
vated macrophages [19]. Macrophages are components of innate immunity derived from
the myeloid progenitor cell namely known as the granulocyte-macrophage colony forming
unit (GM-CFU) inside bone marrow. Tumor-associated macrophages (TAM) are created
by cancerous and stroma cells in the tumor and are enlisted by tumor growth factors and
chemokines [22].
TAM promotes cancer development mainly by three mechanisms:

1. By enhancing the angiogenic tumor potential factors such as IL-8, VEGF, and MIF,
and by promoting lymph-angiogenesis

2. Progression in the growth of tumor

3. Tumor cell invasion, migration, and intravasation at primary sites JAM, and they act
on endothelial cells, further promoting the tumor’s neovascularization [23].

Macrophages contain antigen-presenting cells, immunomodulators, and phagocytosis
that play a vital role in the initiation and maintenance of inflammatory functions [24].
Macrophages that infiltrate the tumor parenchyma have an M1 phenotype and M2 phe-
notype present in the tumor microenvironment [22]. M2 macrophages are characterized
by their anti-inflammatory and wound-healing endotype, and they are further divided
into different subtypes: the M2a macrophages subtype, which responds to Interleukin-4
and Interleukin-13 during fungal and helminth infections [25]. They express a high level
of mannose receptor (CD206) and are the largest secretor of pro-fibrotic factors, such as
TGEF-f and GF (growth factors), etc. Further, they are involved in the repair of tissues/cells
and the healing of wounds at the time of inflammation [26]. M2b is by bacterial LPS and
immune complexes; they secrete IL13, TNF-c, and IL-6 that consists of anti-inflammatory
effects. M2c is stimulated by Interleukin-10, glucocorticoids, and TGF-f3. M2d macrophages
are activated in response to co-stimulation with adenosine ligands and TLR ligands; they
express CD206 at a low rate, however, they highly express vascular endothelial growth
factor (VEGF) and Interleukin-10 [27]. Dendritic cells have an important part in antigen-
specific immunity activation and tolerance maintenance. They develop a connecting link
between innate and adaptive immunity [28]. T-cells are stimulated by tumor-associated den-
dritic cells (TADCs) and these associated cells are different from TAM (tumor-associated
macrophages). TADCs are considered poor inducers for effective tumor responses [6].
Dendritic cells are excellent antigen-presenting cells (APC) as they engulf pathogens and
present antigens on major histocompatibility complexes.

2.2. Proinflammatory Cytokinesis

Inflammatory chemokines and the cytokines that are produced by tumor-associated
leukocytes and platelets, participate directly in the progression of malignant cancer. The most
basic physiological difference between normal and tumor tissue is that many chemokines
and cytokines are induced by hypoxia such as TNF-«, InterLeukin 6, and InterLeukin-1 o
and 3. They are signaled through type 1 cytokines receptors (CCR1) and are the immune-
regulatory cytokinesis that favors inflammation. Inflammatory responses are resolute by the
net balance between the anti-inflammatory cytokines and proinflammatory cytokines [29].
Anti-inflammatory cytokines control proinflammatory responses. At the time of chronic
inflammation, cytokines can lead to cell malignancy and cell transformation, depending on
the tumor microenvironment. Studies found evidence that some cytokines play a key role
in promoting and inhibiting cancer [30]. Tumor-promoting cytokines are IL-6, transforming
growth factor (TGF-f3), TNF-«, and IL-23, they activate STAT proteins, suppress apoptosis,
and contribute to EMT [8]. Whereas tumor-inhibiting cytokines including IFN-«, IL-2,
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and IL-12, inhibit tumor growth and angiogenesis, and expand the functional T-cells
and Natural killer cells. Cytokines activate STAT proteins that may increase or decrease
inflammation in the case of any viral infection; IFNs trigger and activate STAT 1 and
STAT 2. HIF-1 induces inflammation and transcription in genes that process angiogenesis
and erythropoiesis; it is a pro-tumorigenic factor that promotes the proliferation of cells
and the survival of cancerous cells decreases consumption in VHC-lacking renal carcinoma
cells by inhibiting C-Myc.

2.3. Tumor Necrosis Factor «

TNF-« is an inflammatory cytokine that participates in regulating various signaling
processes such as Nuclear factor kB and C-Jun-N-terminal kinase activation contributes
to cell death. JNK and NF-kB helps to describe the cellular outcomes. TNF « signals
to TNF receptor 1 and 2, TNF receptor 1 activate pro-inflammatory pathways, and TNF
receptor 2 binding to membrane-bound TNF that commence tissue regeneration and
immune modulation [31]. As a multifunctional cytokine, it plays diverse cellular events
such as differentiation, proliferation, and cell death. An inflammatory cell secretes Tumor
Necrosis Factor that may have a role in the process, i.e., associated with inflammation-
related carcinogenesis. On the other side, TNF could act as a cancer inhibitor/killer [4].
They are also involved in endogenous tumor promotion as they stimulate the metastasis
of cancerous cells. In human cancer, Tumor Necrosis Factor can be found in stroma and
malignant cells, lungs, breast, prostate, bladder, and colorectal cancer [32]. In a review, it
was found that by up-regulating the levels of prion protein (PrP), TNF-« can contribute
to malignant cancer [33]. TNF « promotes the formation of inflammatory cytokines and
stimulates the permeability of endothelial cells.

2.4. Interleukin

IL-6 plays a vital part in inflammatory responses as it is a pleiotropic cytokine. They
are mainly secreted by monocytes. The secretion of InterLeukin 6 by immune cells is an
indication of severe infection or major cell/tissue injuries [34]. Their pro-oncogenic effect
has been demonstrated in different types of carcinomas including colorectal, breast, and
lung. IL-6, along with the proteins of the STAT family, helps to regulate carcinogenic
processes, the inhibition of apoptotic processes, and the release of ROS and RNS. IL-2 and
12 poses an anti-cancer effect, and the clinically effective efficacy of gene-edited lymphocyte
transfer has been identified in those patients suffering from lung cancer [35]. IL-12 is
capable of activating cytotoxic immune cells [36]. They induce immune responses against
different cancers. Thymus and bone marrow cells, mast cells, granulocytes, macrophages,
and almost all cells of the immune system secret/produce IL-10, and are considered to
have a potent anti-inflammatory cytokine [37]. IL-10 is secreted by tumor cells as a tumor
infiltratory macrophage. IL-10 consists of both pro and anti-tumoral effects [38]. It inhibits
NF-kB signaling pathways when IL 10 binds to the receptors Jak-1 and TyK-2 tyrosine
kinase phosphorylate, which allows it to interact with STAT-1, 3, and 5, preferring STAT
translocation in the nucleus, inducing targeted gene expression over there [39]. IL-1 receptor
antagonist (IL-1Ra), when used to treat metastasis in mouse models, has shown a sudden
decrease in tumor development, because of the inhibition of IL-1 action, while those mice
that have low IL-1 were resistant to the development of metastasis experimentally [40].

3. Inflammatory Signaling Pathways

The development of cancer and its responses are mainly affected by inflammation,
by either promoting or suppressing tumor development. Multiple signaling pathways are
involved such as JAK2-STAT3 (Janus kinase, signal and activator of transcription), nuclear
factor kappa-B, toll-like receptor pathway, Inflammatory factors, cGAS/STING (Protein
cyclic GMP-AMP Synthase-Stimulator of Interferon Genes), MAPAK (mitogen-activated
protein kinase), PI3K-AKT (phosphatidylinositol-3-kinase), and others.

Two pathways can be described, the intrinsic pathway and the extrinsic pathway:.
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They both include transcription factors such as Nuclear factor kappa B, STAT3, TNEF,
CCL2, and CXCL8/IL-8 (chemokines) [41].

3.1. Intrinsic Pathway

An intrinsic pathway connects inflammation and cancer genes, genetic changes, or
an event that causes neoplasia. They can be accountable for the development of an en-
vironment that favors inflammation. In intrinsic pathways, oncogenes, genetic events
along with neoplasia transformation trigger the inflammatory cascades [6]. Extrinsic path-
ways in which chronic inflammation caused by injury, infection, and irritants extensively
increase the chance of cancer development. These two pathways converge to activate
transcription factors, which results to bring the formation of inflammatory mediators and
activate different leukocytes, which gives rise to cancer-related inflammatory microenviron-
ments [42]. The RET/human papillary thyroid carcinoma (PTC) activated transcriptome
includes Interleukin-1 beta and COX-2. COX-2 is highly expressed during breast cancer,
and they are involved in prostaglandin synthesis. Colony-stimulating factors promote the
selection of leukocytes and their survival [43]. In research, it was found that the epidermal
growth factor receptor activation in the glioma is induced by COX-2 (cyclooxygenase
2-self-dependent prognostic factor in glioma) expression, through P38 mitogen activation
of SP1/SP3 [44]. Some tumor suppressor genes such as phosphatase and tensin homo-
logue (PTEN) can control inflammatory mediator formation [45]. At the early cancer stage,
TGEF-f (Transforming growth factor) can act as a tumor suppressive factor as they promote
apoptosis and an effective anti-proliferative response.

3.2. Extrinsic Pathway

Chronic inflammation increases the chances of cancer development and the inflam-
mation in response is mainly triggered by some leukocytes that lead to the formation of
inflammatory mediators. They involve exposure to various destructive agents and a broad
range of chronic infections, which provoke inflammation and autoimmune conditions [46].
Colorectal cancer is a well-accepted example to explain the connecting link between chronic
inflammation and cancer. A patient with Crohn’s disease and inflammatory bowel dis-
ease has a higher chance of transforming into colorectal cancer [47]. Approximately 90%
of patients consuming tobacco have evidence of lung cancer, while other non-smoking
causes of chronic conditions are via air, such as direct contact with airborne atmospheric
particulate matters, silicosis, Idiopathic pulmonary fibrosis (IPF), and TB (tuberculosis). All
of these are non-smoking causes that are risk factors for lung cancer. The new molecular
pathways involve mitochondrial damage and Reactive Oxygen Species (ROS) production,
which not only affects DNA damage but also has a role in the activation of oncogenes. The
cytidine deaminase family-induced activation act as an RNA and DNA editing enzyme.
Heliobacter pylori mediated upregulation of the activation-induced cytidine deaminase
(AID) accumulation, causes some major nucleotide alteration inside gastric cells that leads
to the development of gastric carcinoma [48]. Abnormal expression of AID in biliary cells
generates somatic mutations inside cancer-linked genes including p53 and Emyc. The AID
ectopic production might link bile duct inflammation to intensify genetic susceptibility to
mutagenesis, which leads to cholangio-carcinogenesis progression [49].

3.3. Transcription Factors (NF-kB)

The Nuclear factor kappa B family consists of major five basic subunits in mammalsi.e.,
ReLA (p65), NF-kB1 (p105), NF-kB2 (p100), C-Rel, and RelB each unit requires dimerization
in order to bring out transcription activities. The classical (canonical) and alternative (non-
canonical) are involved in activating the NF-kB signaling pathway. NF-kB classical pathway
activation occurs in response to an inflammatory stimulus such as TNF, InterLeukin-1 beta,
and TLR (toll-like receptor). The NF-kB pathway is expressed inside those genes that have
a role in cell proliferation, inflammation, survival, and angiogenesis. An alternative NF-kB
activation occurs in response to ligand engagement of CD40 (Cluster of differentiation),
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receptor activator nuclear factor, fibroblast growth factor inducible 14 (Fn14), and lympho-
toxin {3 receptor; all of these are members of the TNF receptor superfamily. The genes that
are involved in the regulation of hemostasis of adaptive immunity are regulated by an al-
ternative NF-kB pathway and lymphangiogenesis [50]. This ubiquitous transcription factor
is described as a core mediator of immune responses because of its activation by the large
diversity of viruses and bacteria. Type 1 macrophages are classical activated and type 2
macrophages are alternative activated [51]. NF-kB has been recognized in gastrointestinal
malignancies such as; hepatocellular and colorectal carcinoma. Nuclear factor kappa B
consists of 5 ReL proteins family; ReLA, C-ReL, ReLB, P50/105, and P52/100, among all
these ReL family proteins only ReLA contains carboxy-terminal transactivation domain
necessary for transcriptional activation [52]. The autocrine expression of interleukin 1 alpha
and beta in the SUM-149 cell line involve NF-kB activation i.e., necessary for the growth
and proliferation [53]. IL-6 and IL-8 inflammatory cytokines are highly secreted during
inflammatory breast cancer, and they are among one of the best characterized nuclear factor
kappa B target genes [54].

3.4. JAK/STAT Pathway

The Janus kinase and STAT signaling pathways are the main mediators for a wide
range of physiological responses of cytokine and growth factors at the time of development
and hemostasis processes [55]. This signaling pathway is an alternative to the secondary
messenger system. JAKs contain tyrosine kinase activities which interact with the cytokine
cell surface receptor that further binds to the ligand and receptor that triggers the activation
of JAKs, these receptors are activated by receiving signals from interleukin, GE, and inter-
feron. IL-6 and JAK-STAT3 pathways are initiated by genetic alterations in transformed
cells. TGF-Beta and NF-kB pathways are regulated by JAK-STAT activation directly and
indirectly [56]. The STAT protein determines whether a particular immune response in the
tumor microenvironment should be promoted or inhibited. There are seven major STAT
family protein members that are encoded by seven different genes: STAT (1, 2, 3, 4, 5A,
and 5B) and STAT6. STAT3 has a role in both extrinsic and intrinsic pathways linked to
cancer. STAT is activated in malignant cells and has the capability to induce a large number
of genes necessary for inflammation. STAT3 and STATS5 are activated proteins, which
increase tumor cell proliferation, invasion, and survival. STAT3 plays a dual part in tumor
inflammation. It promotes pro-oncogenic inflammation pathways such as NF-kB, and
target genes (Interleukin-6) are important STAT3 activators [57]. STAT3 directly interacts
with the NF-kB and ReL A in tumor trapping in the nucleus and contributes to the activation
of NF-kB in cancer [58]. STAT3 mediates the T-regulating cell accretion/enlargement in
tumors. It is essential for the development of TH17 T-cells [59]. In research, it was found
that STAT3 have an important role in inflammation-induced adenocarcinoma. It was best
observed inside a transgenic mouse model with integrally active glycoprotein (gp130)
in epithelial cells [60]. GP130 and STAT3 signaling cause inflammation linked to gastric
carcinoma [61].

3.5. COX Pathway

Cyclooxygenase-2 (COX) is the key enzyme in eicosanoid biosynthesis, several can-
cers in humans display upraised levels of prostaglandin (PG) due to the upregulation of
COX-2. Approximately 40% of overexpressed COX-2 cases have been found in human
breast cancer and pre-invasive ductal carcinoma (in situ lesions) [62]. The transgenic COX-2
overexpression operates the formation of mammary tumors and, in reverse elimination of
COX-2, reduces tumor formation in rodent models, especially for breast, skin, and intestinal
cancers [63]. The COX enzyme family consists of two members: COX-1 and COX-2 (PG
endoperoxide synthase 1 and 2). The upregulation of COX-1 is evoked by various stimuli
such as oncogenes, cytokines (IL-1 alpha and beta, interferon-y, and TNF-alpha), and
Growth factors [64]. Both of the COX enzyme family catalyze arachidonic acid conversion
to Prostaglandin H2 (PGH2 is successively metabolized to five active prostaglandins; PGI2,
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PGF2a, PGD2, thromboxane A2(Tx-A2), and PGE2), multiple isomerases which act as a
substrate are necessary for the production of eicosanoid products such as Dinoprostone
(PGE2), thromboxane-A2 (TXA2), and prostacyclin (PGI2) [65]. COX-2 stimulates angio-
genesis, increases the density of microvessels, the expression of pro-angiogenic genes,
cell invasion, and suppresses apoptosis. All of these phenomena are regulated by PGE2-
activated signaling pathways, which involves MAPAK (Ras Mitogen-Activated Protein
kinase), EGFR-Phosphatidylinositol-3 kinase (PI3K), the Mammalian target of rapamycin,
Bcl2, Vascular endothelial growth factor (VEGF), Peroxisome proliferator-activated receptor
delta (PPAR-$), and various chemokines and its receptors [66]. The COX-2 expression
can be regulated by both levels, transcriptional and post-transcriptional. Transcriptional
can be regulated by different transcriptional factors such as NF-kB, Cyclic-AMP response
element binding protein, Activator protein 1 (AP1), Peroxisome proliferator-activated
receptor—beta and delta (PPAR 3 and §) and COX-2, post-transcriptional modulation
through Adenine-Uracil rich regions, at 3’ untranslated region binding of the Hu R (RNA
binding proteins Hu antigen R) and Tristertraproline at 3’ untranslated region stabilizes and
destabilize its mRNA [67]. Many experiments have proven that PGs are directly involved
in Inflammatory bowel disease (IBD) and Colorectal carcinoma (CRC); PGE2 controls the
pro-inflammatory and tumor-promoting effect of COX-2 in both IBD and CRC [68].

4. Cancer-Associated Inflammatory Diseases and Nanotherapy

Inflammatory diseases in which the body’s immune system starts recognizing and
damaging its own tissue as an outcome leads to inflammation, when it lasts for a prolonged
period of time, it becomes chronic and shuts down the normal process of cancer. Inflamma-
tory diseases such as hepatitis b and ¢, pancreatitis, and ulcerative colitis (inflammatory
bowel disease) are likely linked to the cause of cancer (Table 1). In these diseases, highly
reactive molecules are formed by immune cells that lead to DNA damage and may cause
cell division. Here, a potent nanotherapeutic approach has been used against inflamma-
tion and cancer where nanoparticles were modified to improve their therapeutic ability
(Figure 1)and are discussed later in the coming sections (Table 2).

4.1. Hepatitis

Long-term infection of hepatitis B and C in the human body can cause Hepatocellular
carcinoma (HCC is a chronic viral hepatitis). The hepatitis C and B virus belongs to the
Hepadnaviridae family. For all these viruses, human beings are the only natural modes of
the host to survive. They are responsible for causing liver cirrhosis, which later transforms
into liver cancer. These viruses can lead to DNA damage in the liver cells and develop
hepatocellular carcinoma. The hepatitis C virus is the main effective agent of cancer via
indirect pathways (chronic inflammation and cell proliferation). In a research report, it
was found that the COX protein of the hepatitis C virus has an oncogenic potential when a
transgenic mouse model was used for the experiment and found to be effective in inducing
hepatocarcinogenesis [69]. Liver transplantation may be successful at an early stage in
treating small or slow-growing tumors. Early stages of infection are asymptomatic during
the acute phase (6 months). The major cause of hepatitis ¢ infections is mainly by the
intravenous use of unauthorized drugs, transplantation of HCV-contaminated cirrhosis,
chronic liver disease, hemodialysis, and least frequently intranasal cocaine use [70]. The
genetic mutation accumulation in the hepatocytes is necessary for hepatocarcinogenesis [71].
Still, there is no proof that hepatitis is itself oncogenic, HCC may hardly develop in non-
cirrhotic hepatitis c infected patients. It is still under controversy whether these viruses
may play a direct or indirect role. In a research study, it was found that the presence of
the hepatitis B virus gene in chronic HCV-associated liver injuries in a patient was directly
involved in the promotion of hepatocarcinogenesis [72]. Interferon therapy could be helpful
in promoting survival and in the treatment of HCV-related hepatocarcinoma [73]. Gold NPs
are found to be a promising biosensor in detecting hepatitis B virus genes due to its unique
property, bio-conjugation. Gold nano rods are considered to be superior and stronger at
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light scattering and absorption properties in visible and near-infrared regions. Gold NPs
have been widely used for the detection of different pathogens, other than the hepatitis
virus. The fluorescent-based gold NPs have been applied in plasmodium falciparum heat
shock (pfHSP70) protein 70 and a simple immunoassay that was performed for malaria
antigen detection, it binds to Au NPs that was CY3B—labeled (Fluorescent quenching of
cyanine 3B) recombinant pfHSP70 when released to the solution, it found to show increased
fluorescent intensity at a concentration of antigen 8.2 to 23.8 ug mL~! [74]. Immuno-
targeted gold nanoshells are used for imaging live HER-2 cells and overexpressed breast
cancer cells are labeled with anti-HER-2 nanoshells conjugate [75]. The RNA probe infixed
with fluorophores was absorbed on the gold NPs surface in such a way that the probe
bound to the targeted RNA and double-stranded RNA complex was released in the solution
to reestablish the fluoresce emission [76]. The positive specimen of hepatitis ¢ virus labeled
with fluorophores probe hybridized cancer to target hepatitis C virus RNA and the detection
of fluoresce was conducted. Gold NPs found promising in detecting hepatitis B surface
antigen in an experiment containing monoclonal hepatitis B antibody bound on gold Nano
Rod surface to detect hepatitis B surface antigen, after that it was verified by enzyme-linked
immunoassay (ELISA) technique [77]. Folic acid targeting moiety with Baicalin loaded
selenium NPs (B-SeNPs-FA) of size around 100 nm was found as a succeeding tool to design
and synthesized cancer-targeting nanomaterials and used to treat hepatitis B virus-infected
patients with live cancer [78]. Nanoparticles can be successfully delivered to the site of
hepatocellular carcinoma by passive targeting by the enhanced permeability and retention
effect [79]. The synthesized PEGylated PLGA polymer NPs which are co-encapsulated in
gemcitabine (GEM) and antisense microRNAs (miRNAs 21), are demonstrated to have
increased /fast treatment efficacy in human Hep3B, and HepG2 (Hepatocarcinoma human
cancer cells) [80].

Table 1. The major inflammatory diseases that are directly associated with cancer and the nanoparti-
cles that play a vital role in these diseases.

Cancer-Linked
Inflammatory

. Nanoparticles Size Probe/Target Action References
Disease and
Cancer
Promising in the inhibition of
. . viral replication, when
Hepatitis ZnO NPs 5-50 nm Zinc NPS binds to examined on HUH 7 cells [81]
viral RNA . ..
against hepatitis
C and E viruses
They target hepatitis B antigen
Gold NPs-antibody  surface to detect the hepatitis
Hepatitis B Au NPs 50 nm detect hepatitis B virus present in human [82]
viral antigen serum, via antibody-antigen
interaction assays
. They have outstanding
Hepatitis C Amphlll\?lfsdon—Ag 8.22-14.30 nm NA anti-HCV, Non-structural [83]
protein S drug activity
They were found to reduce
Silver NPs binds to  the formation of extracellular
Hepatitis B Ag NPs 10 nm viral RNA and HBV DNA and inhibit RNA [84]
halts replication and virions when observed on
HepAD38 cells
Inhibition of cytotoxic effects
of hepatic cancer at a
Hepatic Cancer Ag NPs 13 +£1nm NA concentration of [85]

10-200pg/mL on Hep-G2
cells and MCF-7 cells
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Table 1. Cont.
Cancer-Linked
Inf}ammatory Nanoparticles Size Probe/Target Action References
Disease and
Cancer
Ag/thiol Riboflavin as Detection of hepatitis core
Hepatitis graphene dots NA a probe antigen and use of riboflavin [86]
nanocomposite p as a redox core probe
They have a potent Cytotoxic
effect on human hepatic
Hepatic cancer Ag NPs 20-50 nm NA cancer cells (Huh-7 cells and [87]
CHANG) at 0, 5, 20, 40, and
100 pg/mL concentration
Antibody Holds promising outcomes
IBD P@QD-MdC NPs 150 nm (Anti-MAd for IBD diagnosis and [88]
CAM-1) imagining at an early stage
Ginger NPs found  They are prominent in the
Gineer-derived to have lipids, reduction of the effect of acute
IBD & NPs ~230 nm proteins that binds  colitis, repair of intestinal cells, [89]
to cancer cells and prevention of chronic
receptor colitis-associated cancer
At an oral dose of 0.2 mg/kg,
found to prevent and improve
. IBD and colitis-associated
Eudragit cancer treatments, reduce the
IBD Mesoporous Silica ~150 nm Polymer Eudragit .t [90]
nanocomposite mRNA expression of
P cytokines (IL-1f3, IL-10 and
17), and be effective in the
therapy of IBD
175 + 0.7 nm For imagining IBD and as a
IBD and L computed tomography agent
. . Dextran-coated and Ceramic oxide . .
gastrointestinal . . to give an image of the [91]
. cerium oxide NPs 48+ 1.2nm encapsulated . .
disease (core) gastrointestinal tract affected
with IBD
Decreased cellular
proliferation in PANC-1 cells
Pancreatic Cancer Ag NPs 2.6 and 18 nm NA and higher cytotoxic effect of [92]
Ag NPs on human pancreas
ductal adenocarcinoma
(PANC-1 cells)
Polymer (bov1.ne They have applications in
. serum albumin) .Y ..
Pancreatic Cancer Au Nanorods >6 nm and SiO2 bio-imagining and cancer [93]
encapsulated therapy
Observe to down-regulate the
expression of anti-apoptotic
Polyethylene
Pancreatic Cancer PEG-ZnO NPs 21.8 £0.86 nm glycol BCL2 and uP-regulated [94]
pro-apoptotic BAX, and found
encapsulated :
to have excellent anti-cancer
activity on PANC-1 cells
Inhibits proliferation and
Pancreatic Cancer Au NPs 20 nm Citrate-capped tumor growth in both [95]

Au NPs

pancreatic cancer cells and
pancreatic stellate cells

Abbreviations: IBD-Inflammatory bowel disease, Au NPs (Gold nanoparticles), ZnO NP (Zinc oxide nanoparticles),
Ag NP (silver nanoparticles), HUH 7 cells (Human hepatoma-derived), and PLGA-PEG coupled with anti-
MAJdCAM-1 antibody half-chains and loaded quantum dots (P@QD-MdC NP).



Molecules 2023, 28, 4413

11 of 19

4.2. Pancreatic Cancer

The development of malignant cells inside the tissues of the pancreas has the ability
to spread to other parts of neighboring tissues inside the pancreas. Inflammation pro-
cesses have appeared as the main mediators of pancreatic ductal adenocarcinoma (PDAC)
development. Chronic pancreatitis has a higher risk of cancer development and progres-
sion. PDAC is a highly prevalent neoplastic disease of the pancreas. It is found to be
the fourth most frequent cause of death related to cancer worldwide. NF-kB is highly
activated in pancreatic cancer. It is known to take part in establishing the communicating
link between the tumor and immune cells. NF-kB is capable of regulating inflammatory
macrophages directly through the regulation of GDF-15/Mic1l (Growth and differentiation
factor 15);, which is highly expressed in the case of pancreatic cancer and serves as an early
promoter for the development of cancer. GDF-15 secretion inactivates tumor-infiltrating
macrophages (TFM) by negative regulation of TGF-B activated kinasel (TAK 1) that in
response it downregulates NF-kB target genes expression, TNF (Transforming growth fac-
tor) and IONOS (Inducible nitric acid synthase) expression, absence causes incapability of
macrophages to remove tumor cells [96]. Interleukin-6 promotes the abnormal cell growth
on the epithelial tissue surface of the cervix (pancreatic intraepithelial neoplasia (PanIN),
TLR-7 and TLR-8 (Toll-like receptor) expression have been shown to increase tumor cell
proliferation in human pancreatic cancer and promotes chemoresistance in UICC (Union
for International Cancer Control) stage 1st and 4th pancreatic cancer (Panc-1 cancer cell
lines). TNF-f3 was found to play a dual role at an early stage of pancreatic cancer act by
promoting apoptosis and inhibiting the progression of the epithelial cell cycle, however,
at late stages, it acts as a tumor promoter in tumor invasion, genomic instability, and
neo-angiogenesis [97]. TRAIL (Tumor Necrosis Factor related apoptosis-inducing ligand)
can induce tumor growth in TRAIL-resistant tumor cells in a syngeneic murine pancreatic
cancer model (Murine 6606PDA) [98]. Interleukin-1 (3, IL-8, and IL-4 play an important role
in acute pancreatitis. IL-1 B induces endoplasmic reticulum stress that releases Ca>* in the
cytoplasm and later activates trypsinogen via the impaired removal of damaged organelles
(autophagy) during acute pancreatitis (pancreatic acinar cells) [99]. The first research for the
early detection of tumor-based Nanoparticles enabled tools (NETs) was first investigated
in prostate cancer [100]. The depletion of stroma have been investigated to increase the
accumulation of greater molecular weight traces inside the pancreatic tumor through the
delivery of PEGylated hyaluronidase (PEGPH20). PEGylated human recombinant PH20
hyaluronidase, induces re-expansion of pancreatic ductal adenocarcinoma blood vessels
and increases the delivery of doxorubicin and gemcitabine (chemotherapeutic drug). Gem-
citabine, along with PEGPH20, leads to the inhibition of pancreatic ductal adenocarcinoma
growth [101]. Theranostic nanoparticles have come out as potent in imaging, therapy, and
in early recognition of PDAC. A hyaluronic acid nano-formulation derived Indocyanine
green (NanolCG) nanoparticles were employed for intraoperative near-infrared fluorescent
detection of pancreatic ductal adenocarcinoma. It was found that due to nanolCG, fluores-
cent intensity in pancreatic lesions as compared to Indocyanine green NPs alone can do
a pathological and hematological analysis of NanoICG proving it to be a noble agent for
intraoperative detection of pancreatic tumors when treated on healthy mice demonstrated
to have minor toxicity [102]. Hyaluronic acid-mediated iron oxide multifunctional NPs
were used for monitoring pancreatic cancer. Hyaluronic acid plays a key part in targeting
molecules to identify CD44 surface antibodies. No toxic effects of iron were observed at a
concentration up to 100 pg mL~1, MiaPaca-2 cells were incubated with HAFe;0, NPs at
Fe concentration ranging between 5 to 80 pg mL~! at 37 °C temperature and 50% of CO,
for about 4 h long. It was observed that cells that were treated with HAFe304 showed an
increase in Fe concentration with a sudden decrease in MR signal intensity [103].
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Table 2. Major nanoparticles that have been widely applied in inflammation and cancer nano-

therapies.

Nanoparticle

Size

Role of Action

References

PLGA NPs

350-410 nm

It provides immunotolerance to cancer. It was
found to induce anti-tumor therapeutic effects.
CDS8 T cells secreted interferons at the site of
lymph nodes and spleen, and vaccinated mice
were treated with PLGA NPs.

[104]

B-Glucan NPs (BG34-Fe30,
conjugated carbon nanotubes)

80-100 nm (Length)
10-20 nm (Diameter)

-glucan from the cell wall of natural sources
such as plants and fungi, have appeared to
enhance anti-tumor responses through direct
interaction with immune cells such as
macrophages and others. It acts as an immune
modulator in optimizing

tumor microenvironments.

[105]

Anti-PD-L-1 targeted
nanoplatform consists of
Au-SPIO@PLGA NPs

500 nm

It was found to achieve the promotion of
polarization of TAM to M1 (classically activated
macrophages) and reverse the cause of
immunosuppression by TAM and block the
programmed death-ligand 1/Programmed cell
death pathway:.

[106]

F(ab’),, Conjugated—PLGA NPs

500 nm

The efficient and specific T-cell targeting drug
delivery binding system in vitro in human cells.
In vivo, it allows specific targeted delivery of an
inhibitor of TGF3R1 and TLR 7/8 agonist, found
to delay the growth of tumors in mice, when
delivered via Programmed cell death-1 protein
targeting NDPs.

[107]

CD44TA-LIP NPs (Liposomes
targeting CD44 receptor
using Thioaptamers)

204.9

Found to exhibit a host defense mechanism
against invading pathogens (TB immuno-
pathogenesis) activate lymphocytes, and provide
immunity against tuberculosis in mice.

[108]

Zn-pyrophosphate NPs loaded
with photosensitizer
pyrolipid (Zn P@Pyro)

NA

It can kill tumor cells, induces apoptosis, and
tumor-specific cytotoxic T-cell responses, and
disrupt tumor vasculature. It significantly
prevents the metastasis of tumors to the
lungs of mice.

[109]

PLGA NPs-based vaccine

350-410 nm

It induces specific anti-tumor T-cell responses
and activates INF-y secretion at lymph nodes by
activation of CD8+, TRP2 specific T-cells of
vaccinated mice bearing melanoma B16 tumors.

[104]

Cytosine-phosphate-guanine
coated NPs

NA

It shows rapid accumulation by
Antigen-presenting cells and triggers the release
of cytokines (IL-10). Induces strong
anti-inflammatory responses, enhances
TH1/TH2 responses, and eliminates tumor cells.

[110]

Nano-artificial APC
iron-dextran coated NPs

50-100 nm

It was found to enhance antigen-specific T-cell
proliferation in vitro and inhibition/clearance of
tumor growth

[111]

Abbreviations: PLGA-Poly(lactic-co-glycolic acid), TAM (tumor-associated macrophage), CD (cluster of differenti-
ation), Fab (fragment, antigen binding), Au (gold), and SPIO (superparamagnetic iron oxide).

4.3. Inflammatory Bowel Disease (IBD)

It is a type of gastrointestinal disorder caused by long-term chronic inflammation in
the digestive tract (intestine) and found to affect all aged groups, most common to those
that lie between 15-30 years of age. IBD are of two types: Crohn’s (ileitis) disease and
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ulcerative colitis, inflammatory infections of Inflammatory Bowel Disease, symptoms of
which involve fatigue, abdominal pain, weight loss, and diarrhea. Both Crohn’s and ulcera-
tive colitis are termed idiopathic IBD because of their mechanism of apparent spontaneous
origin. Crohn’s disease causes swallowing and irrigation in the digestive tract and entirely
affects the thickness of the walls of the bowel. It is also termed ‘Regnal enteritis’, affecting
the ileum, the lining of the small and large intestine of the gastrointestinal tract, and is
inflamed for a prolonged time. The classification of Crohn’s disease involves Ileocolitis
is the most common classification of Crohn’s disease in which inflammation is caused
inside the small intestine and some parts of the colon. In ileitis, swelling occurs in the
ileum, and there are various other diseases associated with the cause of ileitis (ischemia
and neoplasms). Jejunoileitis, the upper half of the jejunum, is marked by the develop-
ment of patchy areas of inflammation, mainly found in children rather than adults. In
gastroduodenal, inflammation occurs at the top part of the small intestine (duodenum) and
stomach. Granulomatous colitis affects the colon only. Crohn’s disease is an idiopathic
disease, yet there are certain factors that may increase its risk of development, for example,
autoimmune disease, genes, smoking, and embracement of guts bacteria. Ulcerative colitis
causes inflammation and sores inside the innermost large intestinal lining (colon) and
rectum of the digestive tract. It is classified into different types according to the site of
infection involves ulcerative proctitis, a form of ulcerative colitis that contains fine ulcera-
tion in the inner mucosal lining of the large intestine (area closed to rectum) it only affects
the lowest part of the colon. Rectal bleeding is the only sign of this disease occurrence.
Proctosigmoiditis affects the sigmoid colon and rectum, it is a mild type of ulcerative colitis,
and infection starts from the rectum and goes into the lower end of the colon near the
sigmoid colon. The sign of this disease occurrence can be mostly felt on the left side of the
abdomen. Pancolitis causes inflammation of the whole part of the colon, which is why it
is also called universal colitis/total colitis. Left-side colitis/distal ulcerative colitis causes
inflammation only on the left part of the colon, inflammation extends from the rectum to
the splenic flexure (the site where the colon bends near the spleen). Ulcerative colitis can
sometimes cause life-threatening medical complications. It is an incurable disease, and
therapies and treatment can only reduce its signs and symptoms. They can only suppress
the effect of cancer for a long time. Nanomedicines are widely applied for the treatment,
imagining, and diagnosis of IBD and colitis-associated cancer. Edible ginger-derived NPs
(GDNPs 2), at a size of 230 nm, were found to be effective in colon targeting. These NPs
consist of high lipids levels, few protease, microRNA, and bioactive constituents of ginger
(6-gingerol and 6-shogal) found to be effective in acute colitis, prevent colitis-linked cancer,
and chronic colitis. GDNPs 2, when orally administered, increases the proliferation of
intestinal epithelial cells, and reduces proinflammatory cytokines and anti-inflammatory
cytokines when used in a colitis mouse model [89]. The Up-conversion nanoparticles are
newly developed lanthanide (Ln) doped nano-crystals that uses light-triggered luminescent
probes in drug delivery. It converts long near-infrared wavelength emission, preferably
used for the treatment of colorectal cancer [112]. Ln 3+ ions doped inorganic crystals used
as sensitizers and activators. Its main advantage is that it does not suffer photo bleaching
and gives high photochemical stability and gives early identification of patients inclined to
develop inflammatory bowel disease (e.g., colorectal cancer) [113]. The titanium dioxide
NPs of size range between 35.76-78.17 nm, were synthesized by Bacillus tequilensis on
expression of cIbB and clb N genes of Escherichia coli bacterium that is responsible for
colorectal cancer. Titanium dioxide NPs were inspected by X-ray diffraction, SEM, infrared
spectroscopy, and RT-PCR. Real time-PCR exhibited 20 folds depletion in the expression
of clb B and clb N genes and showed lower toxicity [114]. The green synthesized Ag NPs
using the Artemisia tournefortiana extract (plant extract) on HT29 (human colon cancer) and
HEK 293 (Normal cell) were treated with different concentrations of synthesized Ag NPs
for 24 h. Silver NPs were found to extensively decrease the viability of the cells 8n dose
and time-dependent manner. Half maximal inhibitory concentration value of Ag NPs was
found as 40.71 and 61.38 mg/mL exhibited a more cytotoxic effect on HT29 colon cancer
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cells than HEK 293 normal cells [115]. The capped Au NPs with polyethylene glycol 9000
were found to be superior for anti-cancer activity at a half maximal inhibitory concentration
(687.44 pg/mL) against MCF-7 cells (Breast cancer cell lines) and anti-inflammatory activity
at Half maximal inhibitory concentration 287.177 mg/L [116]. Heat shock protein (HSP 90)
targeted therapy has come out as an auspicious strategy for treating colitis-associated
cancer and ulcerative colitis (UC) in murine mouse models (mouse colon 26 cells) when
administered orally [117]. NPs are considered a wonderful vehicle in drug delivery be-
cause of their properties such as type (organic and inorganic NPs), size, surface charge,
nature, morphology, composition, and the targeting ligands (Figure 2). They help in the
delivery of drugs at destined sites, boost immune responses, and efficacy of the treatment.
Rapidly penetrate deep down the tumor cells and help in the clearance of tumors by
site-specific targeting.
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Figure 2. Physiochemical attributes of a drug delivery carrier to consider and improve the therapeutic
ability of the drug-loaded drug delivery systems.

5. Conclusions

Inflammation is the body’s normal response to an infection but over time it may
give rise to fatal consequences when it lasts more than usual/normal (chronic) inside the
body, transforming into cancer that can be life-threatening. Many factors and signaling
pathways are involved in this process. Chronic inflammation is linked to cancer causes;
cell proliferation, cell mutation, and lead to DNA damage. Nanoparticles are promising
not only for the treatment, but also play a vital part in the early imagining, detection, treat-
ment, and diagnosis of cancer and inflammatory diseases. Diseases such as inflammatory
bowel disease, hepatitis, and pancreatic cancer, all these diseases cannot be cured easily
without any surgery but by the rapid action of NPs, they can be diagnosed at early stages.
Nanoparticle treatment helps in suppressing its fatal consequences for a certain period of
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time. Nanotechnology can be friendly to those people who cannot afford such high-cost
treatments and therapies.

Funding: This review work was funded by Institutional Fund Projects under grant No. (IFPIP:513-
141-1443) and the APC was funded from this grant. The authors gratefully acknowledge the finan-
cial support provided by the ministry of Education and King Abdulaziz University, DSR, Jeddah,
Saudi: IFPIP:513-141-1443.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors gratefully acknowledge the technical and financial support provided
by the Ministry of Education and King Abdulaziz University, DSR, Jeddah, Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest, financial or otherwise.

Sample Availability: Not applicable.

References

1.  Gansler, T.; Ganz, PA,; Grant, M.; Greene, FL.; Johnstone, P.; Mahoney, M.; Newman, L.A.; Oh, WK.; Thomas, C.R., Jr.; Thun, M.J.
Sixty Years of CA: A Cancer Journal for Clinicians. CA A Cancer J. Clin. 2010, 60, 345-350. [CrossRef]

2. Balkwill, E;; Mantovani, A. Inflammation and Cancer: Back to Virchow? Lancet 2001, 357, 539-545. [CrossRef]

3. Chen, L,; Deng, H,; Cui, H.; Fang, J.; Zuo, Z.; Deng, ].; Li, Y.; Wang, X.; Zhao, L. Inflammatory Responses and Inflammation-
Associated Diseases in Organs. Oncotarget 2018, 9, 7204-7218. [CrossRef]

4. Greten, ER.; Grivennikov, S.I. Inflammation and Cancer: Triggers, Mechanisms, and Consequences. Immunity 2019, 51, 27-41.
[CrossRef]

5. Balkwill, ER.; Mantovani, A. Cancer-Related Inflammation: Common Themes and Therapeutic Opportunities; Elsevier: Amsterdam,
The Netherlands, 2012; Volume 22, pp. 33—40.

6. Singh, N.; Baby, D.; Rajguru, J.; Patil, P.; Thakkannavar, S.; Pujari, V. Inflammation and Cancer. Ann. Afr. Med. 2019, 18, 121.
[CrossRef]

7. Todoric, J.; Antonucci, L.; Karin, M. Tannic Acid Ameliorates Doxorubicin-Induced Cardiotoxicity and Potentiates Its Anti-Cancer
Activity: Potential Role of Tannins in Cancer Chemotherapy. Cancer Prev. Res. 2016, 9, 895-905. [CrossRef]

8.  Zhao, H,; Wu, L; Yan, G.; Chen, Y.; Zhou, M.; Wu, Y,; Li, Y. Inflammation and tumor progression: Signaling pathways and
targeted intervention. Signal Transduct. Target. Ther. 2021, 6, 263. [CrossRef]

9.  Badic, B,; Gancel, C.H.; Thereaux, J.; Joumond, A.; Bail, ].P.; Meunier, B.; Sulpice, L. Surgical and Oncological Long Term Outcomes
of Gastrointestinal Stromal Tumors (GIST) Resection-Retrospective Cohort Study. Int. . Surg. 2018, 53, 257-261. [CrossRef]

10. Michielsen, P.; Ho, E. Viral Hepatitis B and Hepatocellular Carcinoma. Acta Gastro-Enterol. Belg. 2011, 74, 4-8.

11.  Quail, D.F; Joyce, J.A. Microenvironmental Regulation of Tumor Progression and Metastasis. Nat. Med. 2013, 19, 1423-1437.
[CrossRef]

12.  Ng, T.S,; Britton, G.J.; Hill, E.V.; Verhagen, J.; Burton, B.R.; Wraith, D.C. Regulation of Adaptive Immunity; the Role of Interleukin-
10. Front. Immunol. 2013, 4, 129. [CrossRef]

13. Chow, M.T,; Luster, A.D. Chemokines in Cancer. Cancer Immunol. Res. 2014, 2, 1125-1131. [CrossRef]

14. Tan, H.-Y,; Wang, N.; Li, S.; Hong, M.; Wang, X.; Feng, Y. The Reactive Oxygen Species in Macrophage Polarization: Reflecting Its
Dual Role in Progression and Treatment of Human Diseases. Oxidative Med. Cell. Longev. 2016, 2016, 2795090. [CrossRef]

15. Karakosta, A.; Golias, C.; Charalabopoulos, A.; Peschos, D.; Batistatou, A.; Charalabopoulos, K. Genetic Models of Human
Cancer as a Multistep Process. Paradigm Models of Colorectal Cancer, Breast Cancer, and Chronic Myelogenous and Acute
Lymphoblastic Leukaemia. J. Exp. Clin. Cancer Res. 2005, 24, 5-14.

16. Furman, D.; Campisi, J.; Verdin, E.; Carrera-Bastos, P; Targ, S.; Franceschi, C.; Miller, A.H. Chronic inflammation in the etiology
of disease across the life span. Nat. Med. 2019, 25, 1822-1832. [CrossRef]

17. Ireland, L.; Mielgo, A. Macrophages and Fibroblasts, Key Players in Cancer Chemoresistance. Front. Cell Dev. Biol. 2018, 6, 131.
[CrossRef]

18. Xia, Y,; Shen, S.; Verma, .M. NF-KB, an Active Player in Human Cancers. Cancer Immunol. Res. 2014, 2, 823-830. [CrossRef]

19. Arango Duque, G.; Descoteaux, A. Macrophage Cytokines: Involvement in Immunity and Infectious Diseases. Front. Immunol.
2014, 5, 491. [CrossRef]

20. Fujiwawa, N.; Kobayashi, K. Macrophage in Inflammation. Curr. Drug. Targets Inflammat. Allergy 2005, 4, 281-286. [CrossRef]

21. Kendall, R.; Feghali-Bostwick, C. Fibroblasts in Fibrosis: Novel Roles and Mediators. Front. Pharmacol. 2014, 5, 123. [CrossRef]

22. Lin,Y,; Xu,J.; Lan, H. Tumor-Associated Macrophages in Tumor Metastasis: Biological Roles and Clinical Therapeutic Applications.

J. Hematol. Oncol. 2019, 12, 76. [CrossRef]


https://doi.org/10.3322/caac.20088
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.18632/oncotarget.23208
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.4103/aam.aam_56_18
https://doi.org/10.1158/1940-6207.CAPR-16-0209
https://doi.org/10.1038/s41392-021-00658-5
https://doi.org/10.1016/j.ijsu.2018.03.074
https://doi.org/10.1038/nm.3394
https://doi.org/10.3389/fimmu.2013.00129
https://doi.org/10.1158/2326-6066.CIR-14-0160
https://doi.org/10.1155/2016/2795090
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.3389/fcell.2018.00131
https://doi.org/10.1158/2326-6066.CIR-14-0112
https://doi.org/10.3389/fimmu.2014.00491
https://doi.org/10.2174/1568010054022024
https://doi.org/10.3389/fphar.2014.00123
https://doi.org/10.1186/s13045-019-0760-3

Molecules 2023, 28, 4413 16 of 19

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Katayama, Y.; Uchino, J.; Chihara, Y.; Tamiya, N.; Kaneko, Y.; Yamada, T.; Takayama, K. Tumor Neovascularization and
Developments in Therapeutics. Cancers 2019, 11, 316. [CrossRef]

Viola, A.; Munari, F.; Sanchez-Rodriguez, R.; Scolaro, T.; Castegna, A. The Metabolic Signature of Macrophage Responses. Front.
Immunol. 2019, 10, 1462. [CrossRef]

Kim, S.Y.; Nair, M.G. Macrophages in Wound Healing: Activation and Plasticity. Immunol. Cell Biol. 2019, 97, 258-267. [CrossRef]
Cho, Y.-D.; Kim, K.-H.; Lee, Y.-M.; Ku, Y.; Seol, Y.-]. Periodontal Wound Healing and Tissue Regeneration: A Narrative Review.
Pharmaceuticals 2021, 14, 456. [CrossRef]

Wynn, T.A.; Ramalingam, T.R. Mechanisms of Fibrosis: Therapeutic Translation for Fibrotic Disease. Nat. Med. 2012, 18, 1028-1040.
[CrossRef]

Agrawal, A.; Agrawal, S.; Gupta, S. Role of Dendritic Cells in Inflammation and Loss of Tolerance in the Elderly. Front. Immunol.
2017, 8, 896. [CrossRef]

Lan, T.; Chen, L.; Wei, X. Inflammatory Cytokines in Cancer: Comprehensive Understanding and Clinical Progress in Gene
Therapy. Cells 2021, 10, 100. [CrossRef]

Berraondo, P; Sanmamed, M.F; Ochoa, M.C.; Etxeberria, I.; Aznar, M.A.; Pérez-Gracia, ].L.; Rodriguez-Ruiz, M.E,;
Ponz-Sarvise, M.; Castafion, E.; Melero, I. Cytokines in Clinical Cancer Immunotherapy. Br. ]. Cancer 2019, 120, 6-15.
[CrossRef]

Yang, S.; Wang, J.; Brand, D.D.; Zheng, S.G. Role of TNF-TNF Receptor 2 Signal in Regulatory T Cells and Its Therapeutic
Implications. Front. Immunol. 2018, 9, 784. [CrossRef]

Masucci, M.T.; Minopoli, M.; Carriero, M.V. Tumor Associated Neutrophils. Their Role in Tumorigenesis, Metastasis, Prognosis
and Therapy. Front. Oncol. 2019, 9, 1146. [CrossRef] [PubMed]

Ding, M.; Chen, Y,; Lang, Y.; Cui, L. The Role of Cellular Prion Protein in Cancer Biology: A Potential Therapeutic Target. Front.
Oncol. 2021, 11, 742949. [CrossRef] [PubMed]

Tanaka, T.; Narazaki, M.; Kishimoto, T. IL-6 in Inflammation, Immunity, and Disease. Cold Spring Harb. Perspect. Biol. 2014,
6,a016295. [CrossRef]

Lasek, W.; Zagozdzon, R.; Jakobisiak, M. Interleukin 12: Still a Promising Candidate for Tumor Immunotherapy? Cancer Immunol.
Immunother. 2014, 63, 419-435. [CrossRef]

Nguyen, K.G.; Vrabel, M.R.; Mantooth, S.M.; Hopkins, ].J.; Wagner, E.S.; Gabaldon, T.A.; Zaharoff, D.A. Localized Interleukin-12
for Cancer Immunotherapy. Front. Immunol. 2020, 11, 575597. [CrossRef] [PubMed]

Turner, M.D.; Nedjai, B.; Hurst, T.; Pennington, D.]J. Cytokines and Chemokines: At the Crossroads of Cell Signalling and
Inflammatory Disease. Biochim. Et Biophys. Acta (BBA)—Mol. Cell Res. 2014, 1843, 2563-2582. [CrossRef]

Noy, R.; Pollard, ].W. Tumor-Associated Macrophages: From Mechanisms to Therapy. Immunity 2014, 41, 49-61. [CrossRef]
Morris, R.; Kershaw, N.J.; Babon, ].J. The Molecular Details of Cytokine Signaling via the JAK/STAT Pathway: Cytokine Signaling
via the JAK/STAT Pathway. Protein Sci. 2018, 27, 1984-2009. [CrossRef] [PubMed]

Baker, K.J.; Houston, A.; Brint, E. IL-1 Family Members in Cancer; Two Sides to Every Story. Front. Immunol. 2019, 10, 1197.
[CrossRef]

Del Prete, A.; Allavena, P; Santoro, G.; Fumarulo, R.; Corsi, M.M.; Mantovani, A. Molecular Pathways in Cancer-Related
Inflammation. Biochem. Med. 2011, 21, 264-275. [CrossRef]

Muller, W.A. Getting Leukocytes to the Site of Inflammation. Vet. Pathol. 2013, 50, 7-22. [CrossRef]

Morrow, R.J.; Etemadi, N.; Yeo, B.; Ernst, M. Challenging a Misnomer? The Role of Inflammatory Pathways in Inflammatory
Breast Cancer. Mediat. Inflamm. 2017, 2017, 4754827. [CrossRef]

Xu, K,; Shu, H.-K.G. Transcription Factor Interactions Mediate EGF-Dependent COX-2 Expression. Mol. Cancer Res. 2013, 11,
875-886. [CrossRef]

Liu, Z.; Semenza, G.L.; Zhang, H. Hypoxia-Inducible Factor 1 and Breast Cancer Metastasis. J. Zhejiang Univ. Sci. B 2015, 16,
32-43. [CrossRef]

Morgillo, E; Dallio, M.; Della Corte, C.M.; Gravina, A.G.; Viscardi, G.; Loguercio, C.; Ciardiello, F; Federico, A. Carcinogenesis
as a Result of Multiple Inflammatory and Oxidative Hits: A Comprehensive Review from Tumor Microenvironment to Gut
Microbiota. Neoplasia 2018, 20, 721-733. [CrossRef]

Axelrad, J.E.; Lichtiger, S.; Yajnik, V. Inflammatory Bowel Disease and Cancer: The Role of Inflammation, Immunosuppression,
and Cancer Treatment. W]G 2016, 22, 4794. [CrossRef]

Christofi, T.; Zaravinos, A. RNA Editing in the Forefront of Epitranscriptomics and Human Health. J. Transl. Med. 2019, 17, 319.
[CrossRef]

Komori, J.; Marusawa, H.; Machimoto, T.; Endo, Y.; Kinoshita, K.; Kou, T.; Haga, H.; Ikai, I.; Uemoto, S.; Chiba, T. Activation-
Induced Cytidine Deaminase Links Bile Duct Inflammation to Human Cholangiocarcinoma. Hepatology 2008, 47, 888-896.
[CrossRef]

Liu, T.; Zhang, L.; Joo, D.; Sun, S.-C. NF-KB Signaling in Inflammation. Signal Transduct. Target Ther. 2017, 2, 17023. [CrossRef]
Orecchioni, M.; Ghosheh, Y.; Pramod, A.B.; Ley, K. Macrophage Polarization: Different Gene Signatures in M1(LPS+) vs.
Classically and M2(LPS-) vs. Alternatively Activated Macrophages. Front. Immunol. 2019, 10, 1084. [CrossRef]

Park, M.; Hong, J. Roles of NF-KB in Cancer and Inflammatory Diseases and Their Therapeutic Approaches. Cells 2016, 5, 15.
[CrossRef]


https://doi.org/10.3390/cancers11030316
https://doi.org/10.3389/fimmu.2019.01462
https://doi.org/10.1111/imcb.12236
https://doi.org/10.3390/ph14050456
https://doi.org/10.1038/nm.2807
https://doi.org/10.3389/fimmu.2017.00896
https://doi.org/10.3390/cells10010100
https://doi.org/10.1038/s41416-018-0328-y
https://doi.org/10.3389/fimmu.2018.00784
https://doi.org/10.3389/fonc.2019.01146
https://www.ncbi.nlm.nih.gov/pubmed/31799175
https://doi.org/10.3389/fonc.2021.742949
https://www.ncbi.nlm.nih.gov/pubmed/34595121
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1007/s00262-014-1523-1
https://doi.org/10.3389/fimmu.2020.575597
https://www.ncbi.nlm.nih.gov/pubmed/33178203
https://doi.org/10.1016/j.bbamcr.2014.05.014
https://doi.org/10.1016/j.immuni.2014.06.010
https://doi.org/10.1002/pro.3519
https://www.ncbi.nlm.nih.gov/pubmed/30267440
https://doi.org/10.3389/fimmu.2019.01197
https://doi.org/10.11613/BM.2011.036
https://doi.org/10.1177/0300985812469883
https://doi.org/10.1155/2017/4754827
https://doi.org/10.1158/1541-7786.MCR-12-0706
https://doi.org/10.1631/jzus.B1400221
https://doi.org/10.1016/j.neo.2018.05.002
https://doi.org/10.3748/wjg.v22.i20.4794
https://doi.org/10.1186/s12967-019-2071-4
https://doi.org/10.1002/hep.22125
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.3389/fimmu.2019.01084
https://doi.org/10.3390/cells5020015

Molecules 2023, 28, 4413 17 of 19

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

75.

76.

77.

78.

79.

80.

Streicher, K.L.; Willmarth, N.E.; Garcia, ].; Boerner, J.L.; Dewey, T.G.; Ethier, S.P. Activation of a Nuclear Factor KB/Interleukin-1
Positive Feedback Loop by Amphiregulin in Human Breast Cancer Cells. Mol. Cancer Res. 2007, 5, 847-861. [CrossRef] [PubMed]
Di Bonito, M.; Cantile, M.; Botti, G. Pathological and Molecular Characteristics of Inflammatory Breast Cancer. Transl. Cancer Res.
2019, 8, S449-5456. [CrossRef] [PubMed]

Seif, F.; Khoshmirsafa, M.; Aazami, H.; Mohsenzadegan, M.; Sedighi, G.; Bahar, M. The Role of JAK-STAT Signaling Pathway and
Its Regulators in the Fate of T Helper Cells. Cell Commun. Signal 2017, 15, 23. [CrossRef] [PubMed]

Guo, X.; Wang, X.-F. Signaling Cross-Talk between TGF-f3/BMP and Other Pathways. Cell Res. 2009, 19, 71-88. [CrossRef]
[PubMed]

Tolomeo, M.; Cascio, A. The Multifaced Role of STAT3 in Cancer and Its Implication for Anticancer Therapy. [JMS 2021, 22, 603.
[CrossRef]

Rinkenbaugh, A.; Baldwin, A. The NF-KB Pathway and Cancer Stem Cells. Cells 2016, 5, 16. [CrossRef]

Jin, J.; Li, Y,; Zhao, Q.; Chen, Y.; Fu, S.; Wu, ]J. Coordinated Regulation of Immune Contexture: Crosstalk between STAT3 and
Immune Cells during Breast Cancer Progression. Cell Commun. Signal 2021, 19, 50. [CrossRef]

Silver, J.S.; Hunter, C.A. Gp130 at the Nexus of Inflammation, Autoimmunity, and Cancer. J. Leukoc. Biol. 2010, 88, 1145-1156.
[CrossRef]

Ernst, M.; Thiem, S.; Nguyen, P.M.; Eissmann, M.; Putoczki, T.L. Epithelial Gp130/Stat3 Functions: An Intestinal Signaling Node
in Health and Disease. Semin. Immunol. 2014, 26, 29-37. [CrossRef]

Cowell, C.F,; Weigelt, B.; Sakr, R.A.; Ng, C.K.Y.; Hicks, ].; King, T.A.; Reis-Filho, ].S. Progression from Ductal Carcinoma in Situ to
Invasive Breast Cancer: Revisited. Mol. Oncol. 2013, 7, 859-869. [CrossRef] [PubMed]

Sobolewski, C.; Cerella, C.; Dicato, M.; Ghibelli, L.; Diederich, M. The Role of Cyclooxygenase-2 in Cell Proliferation and Cell
Death in Human Malignancies. Int. J. Cell Biol. 2010, 2010, 215158. [CrossRef] [PubMed]

Salleh, N. Diverse Roles of Prostaglandins in Blastocyst Implantation. Sci. World J. 2014, 2014, 968141. [CrossRef]

Norregaard, R.; Kwon, T.-H.; Frekieer, J. Physiology and Pathophysiology of Cyclooxygenase-2 and Prostaglandin E2 in the
Kidney. Kidney Res. Clin. Pract. 2015, 34, 194-200. [CrossRef] [PubMed]

Finetti, F; Travelli, C.; Ercoli, J.; Colombo, G.; Buoso, E.; Trabalzini, L. Prostaglandin E2 and Cancer: Insight into Tumor
Progression and Immunity. Biology 2020, 9, 434. [CrossRef] [PubMed]

Kang, Y.-J.; Mbonye, U.R.; DeLong, C.J.; Wada, M.; Smith, W.L. Regulation of Intracellular Cyclooxygenase Levels by Gene
Transcription and Protein Degradation. Prog. Lipid Res. 2007, 46, 108-125. [CrossRef]

Wang, D.; Cabalag, C.S.; Clemons, N.J.; DuBois, R.N. Cyclooxygenases and Prostaglandins in Tumor Immunology and Microenvi-
ronment of Gastrointestinal Cancer. Gastroenterology 2021, 161, 1813-1829. [CrossRef]

Llorente Izquierdo, C.; Mayoral, R.; Flores, ].M.; Garcia-Palencia, P.; Cucarella, C.; Bosca, L.; Casado, M.; Martin-Sanz, P.
Transgenic Mice Expressing Cyclooxygenase-2 in Hepatocytes Reveal a Minor Contribution of This Enzyme to Chemical
Hepatocarcinogenesis. Am. J. Pathol. 2011, 178, 1361-1373. [CrossRef]

Farazi, P.A.; DePinho, R.A. Hepatocellular Carcinoma Pathogenesis: From Genes to Environment. Nat. Rev. Cancer 2006, 6,
674-687. [CrossRef]

Niu, Z.-S.; Niu, X.-J.; Wang, W.-H. Genetic Alterations in Hepatocellular Carcinoma: An Update. W]G 2016, 22, 9069. [CrossRef]
Tarocchi, M. Molecular Mechanism of Hepatitis B Virus-Induced Hepatocarcinogenesis. WJG 2014, 20, 11630. [CrossRef]
[PubMed]

Miuma, S.; Miyamoto, J.; Taura, N.; Fukushima, M.; Sasaki, R.; Haraguchi, M.; Shibata, H.; Sato, S.; Miyaaki, H.; Nakao, K.
Influence of Interferon-Free Direct-Acting Antiviral Therapy on Primary Hepatocellular Carcinoma Recurrence: A Landmark
Time Analysis and Time-Dependent Extended Cox Proportional Hazards Model Analysis. Intern. Med. 2020, 59, 901-907.
[CrossRef] [PubMed]

Guirgis, B.S.S.; Sa e Cunha, C.; Gomes, I.; Cavadas, M.; Silva, I; Doria, G.; Blatch, G.L.; Baptista, P.V.; Pereira, E.; Azzazy, HM.E,;
et al. Gold Nanoparticle-Based Fluorescence Immunoassay for Malaria Antigen Detection. Anal. Bioanal. Chem. 2012, 402,
1019-1027. [CrossRef]

Carpin, L.B.; Bickford, L.R.; Agollah, G.; Yu, T.-K,; Schiff, R,; Li, Y.; Drezek, R.A. Inmunoconjugated Gold Nanoshell-Mediated
Photothermal Ablation of Trastuzumab-Resistant Breast Cancer Cells. Breast Cancer Res. Treat. 2011, 125, 27-34. [CrossRef]
[PubMed]

Xia, Y.; Zhang, R.; Wang, Z.; Tian, J.; Chen, X. Recent Advances in High-Performance Fluorescent and Bioluminescent RNA
Imaging Probes. Chem. Soc. Rev. 2017, 46, 2824-2843. [CrossRef] [PubMed]

Negahdari, B.; Darvishi, M.; Saeedi, A.A. Gold Nanoparticles and Hepatitis B Virus. Artif. Cells Nanomed. Biotechnol. 2019, 47,
469-474. [CrossRef]

Fang, X.; Wu, X; Li, C,; Zhou, B.; Chen, X.; Chen, T.; Yang, F. Targeting Selenium Nanoparticles Combined with Baicalin to Treat
HBV-Infected Liver Cancer. RSC Adv. 2017, 7, 8178-8185. [CrossRef]

Rosenblum, D.; Joshi, N.; Tao, W.; Karp, ].M.; Peer, D. Progress and Challenges towards Targeted Delivery of Cancer Therapeutics.
Nat. Commun. 2018, 9, 1410. [CrossRef]

Devulapally, R.; Foygel, K.; Sekar, T.V.; Willmann, ] K.; Paulmurugan, R. Gemcitabine and Antisense-MicroRNA Co-Encapsulated
PLGA-PEG Polymer Nanoparticles for Hepatocellular Carcinoma Therapy. ACS Appl. Mater. Interfaces 2016, 8, 33412-33422.
[CrossRef]


https://doi.org/10.1158/1541-7786.MCR-06-0427
https://www.ncbi.nlm.nih.gov/pubmed/17670913
https://doi.org/10.21037/tcr.2019.03.24
https://www.ncbi.nlm.nih.gov/pubmed/35117122
https://doi.org/10.1186/s12964-017-0177-y
https://www.ncbi.nlm.nih.gov/pubmed/28637459
https://doi.org/10.1038/cr.2008.302
https://www.ncbi.nlm.nih.gov/pubmed/19002158
https://doi.org/10.3390/ijms22020603
https://doi.org/10.3390/cells5020016
https://doi.org/10.1186/s12964-021-00705-2
https://doi.org/10.1189/jlb.0410217
https://doi.org/10.1016/j.smim.2013.12.006
https://doi.org/10.1016/j.molonc.2013.07.005
https://www.ncbi.nlm.nih.gov/pubmed/23890733
https://doi.org/10.1155/2010/215158
https://www.ncbi.nlm.nih.gov/pubmed/20339581
https://doi.org/10.1155/2014/968141
https://doi.org/10.1016/j.krcp.2015.10.004
https://www.ncbi.nlm.nih.gov/pubmed/26779421
https://doi.org/10.3390/biology9120434
https://www.ncbi.nlm.nih.gov/pubmed/33271839
https://doi.org/10.1016/j.plipres.2007.01.001
https://doi.org/10.1053/j.gastro.2021.09.059
https://doi.org/10.1016/j.ajpath.2010.11.074
https://doi.org/10.1038/nrc1934
https://doi.org/10.3748/wjg.v22.i41.9069
https://doi.org/10.3748/wjg.v20.i33.11630
https://www.ncbi.nlm.nih.gov/pubmed/25206269
https://doi.org/10.2169/internalmedicine.3382-19
https://www.ncbi.nlm.nih.gov/pubmed/32238660
https://doi.org/10.1007/s00216-011-5489-y
https://doi.org/10.1007/s10549-010-0811-5
https://www.ncbi.nlm.nih.gov/pubmed/20217215
https://doi.org/10.1039/C6CS00675B
https://www.ncbi.nlm.nih.gov/pubmed/28345687
https://doi.org/10.1080/21691401.2018.1546185
https://doi.org/10.1039/C6RA28229F
https://doi.org/10.1038/s41467-018-03705-y
https://doi.org/10.1021/acsami.6b08153

Molecules 2023, 28, 4413 18 of 19

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Gupta, J.; Irfan, M.; Ramgir, N.; Muthe, K.P.; Debnath, A K.; Ansari, S.; Gandhi, J.; Ranjith-Kumar, C.T.; Surjit, M. Antiviral
Activity of Zinc Oxide Nanoparticles and Tetrapods Against the Hepatitis E and Hepatitis C Viruses. Front. Microbiol. 2022,
13, 881595. [CrossRef]

Draz, M.S.; Shafiee, H. Applications of Gold Nanoparticles in Virus Detection. Theranostics 2018, 8, 1985-2017. [CrossRef]
[PubMed]

Shady, N.H.; Khattab, A.R.; Ahmed, S; Liu, M.; Quinn, R.J.; Fouad, M.A.; Kamel, M.S.; Muhsinah, A.B.; Krischke, M.; Mueller, M.].;
et al. Hepatitis C Virus NS3 Protease and Helicase Inhibitors from Red Sea Sponge (Amphimedon) Species in Green Synthesized
Silver Nanoparticles Assisted by in Silico Modeling and Metabolic Profiling. IJN 2020, 15, 3377-3389. [CrossRef] [PubMed]

Lu, L.; Sun, RW.-Y,; Chen, R.; Hui, C.-K,; Ho, C.-M.; Luk, ].M,; Lau, G.K,; Che, C.-M. Silver Nanoparticles Inhibit Hepatitis B
Virus Replication. Antivir. Ther. 2008, 13, 253-262. [CrossRef] [PubMed]

Al-Khedhairy, A.A.; Wahab, R. Silver Nanoparticles: An Instantaneous Solution for Anticancer Activity against Human Liver
(HepG2) and Breast (MCF-7) Cancer Cells. Metals 2022, 12, 148. [CrossRef]

Valipour, A.; Roushani, M. Using Silver Nanoparticle and Thiol Graphene Quantum Dots Nanocomposite as a Substratum to
Load Antibody for Detection of Hepatitis C Virus Core Antigen: Electrochemical Oxidation of Riboflavin Was Used as Redox
Probe. Biosens. Bioelectron. 2017, 89, 946-951. [CrossRef]

Bin-Jumah, M.; AL-Abdan, M.; Albasher, G.; Alarifi, S. Effects of Green Silver Nanoparticles on Apoptosis and Oxidative Stress in
Normal and Cancerous Human Hepatic Cells in Vitro. IJN 2020, 15, 1537-1548. [CrossRef]

Truffi, M.; Sevieri, M.; Morelli, L.; Monieri, M.; Mazzucchelli, S.; Sorrentino, L.; Allevi, R.; Bonizzi, A.; Zerbi, P.; Marchini, B.; et al.
Anti-MAdCAM-1-Conjugated Nanocarriers Delivering Quantum Dots Enable Specific Imaging of Inflammatory Bowel Disease.
IJN 2020, 15, 8537-8552. [CrossRef]

Zhang, M.; Viennois, E.; Prasad, M.; Zhang, Y.; Wang, L.; Zhang, Z.; Han, M.K,; Xiao, B.; Xu, C.; Srinivasan, S.; et al. Edible
Ginger-Derived Nanoparticles: A Novel Therapeutic Approach for the Prevention and Treatment of Inflammatory Bowel Disease
and Colitis-Associated Cancer. Biomaterials 2016, 101, 321-340. [CrossRef]

Qu, Z.; Wong, K.Y.; Moniruzzaman, M.; Begun, J.; Santos, H.A.; Hasnain, S.Z.; Kumeria, T.; McGuckin, M.A.; Popat, A. One-Pot
Synthesis of PH-Responsive Eudragit-Mesoporous Silica Nanocomposites Enable Colonic Delivery of Glucocorticoids for the
Treatment of Inflammatory Bowel Disease. Adv. Ther. 2021, 4, 2000165. [CrossRef]

Naha, P.C; Hsu, J.C.; Kim, J.; Shah, S.; Bouché, M.; Si-Mohamed, S.; Rosario-Berrios, D.N.; Douek, P.; Hajfathalian, M.; Yasini, P;
et al. Dextran-Coated Cerium Oxide Nanoparticles: A Computed Tomography Contrast Agent for Imaging the Gastrointestinal
Tract and Inflammatory Bowel Disease. ACS Nano 2020, 14, 10187-10197. [CrossRef]

Zielinska, E.; Zauszkiewicz-Pawlak, A.; Wojcik, M.; Inkielewicz-Stepniak, I. Silver Nanoparticles of Different Sizes Induce a
Mixed Type of Programmed Cell Death in Human Pancreatic Ductal Adenocarcinoma. Oncotarget 2018, 9, 4675-4697. [CrossRef]
[PubMed]

An, L.; Wang, Y,; Tian, Q.; Yang, S. Small Gold Nanorods: Recent Advances in Synthesis, Biological Imaging, and Cancer Therapy.
Materials 2017, 10, 1372. [CrossRef] [PubMed]

Du, Y.; Zhang, J.; Yan, S.; Tao, Z.; Wang, C.; Huang, M.; Zhang, X. PEGylated Zinc Oxide Nanoparticles Induce Apoptosis in
Pancreatic Cancer Cells through Reactive Oxygen Species. IET Nanobiotechnol. 2019, 13, 536-540. [CrossRef]

Saha, S.; Xiong, X.; Chakraborty, PK.; Shameer, K.; Arvizo, RR.; Kudgus, R.A.; Dwivedi, S.K.D.; Hossen, M.N.; Gillies, EIM.;
Robertson, ].D.; et al. Gold Nanoparticle Reprograms Pancreatic Tumor Microenvironment and Inhibits Tumor Growth. ACS
Nano 2016, 10, 10636-10651. [CrossRef] [PubMed]

Ratnam, N.M.; Peterson, ].M.; Talbert, E.E.; Ladner, K.J.; Rajasekera, P.V.; Schmidt, C.R.; Dillhoff, M.E.; Swanson, B.J.; Haverick, E.;
Kladney, R.D.; et al. NF-KB Regulates GDF-15 to Suppress Macrophage Surveillance during Early Tumor Development. J. Clin.
Investig. 2017, 127, 3796-3809. [CrossRef] [PubMed]

Katz, L.H.; Li, Y,; Chen, ].-S.; Mufioz, N.M.; Majumdar, A.; Chen, ]J.; Mishra, L. Targeting TGF-f Signaling in Cancer. Expert Opin.
Ther. Targets 2013, 17, 743-760. [CrossRef] [PubMed]

Beyer, K.; Normann, L.; Sendler, M.; Kading, A.; Heidecke, C.-D.; Partecke, L.I.; von Bernstorff, W. TRAIL Promotes Tumor
Growth in a Syngeneic Murine Orthotopic Pancreatic Cancer Model and Affects the Host Immune Response. Pancreas 2016, 45,
401-408. [CrossRef]

Xu, B; Bai, B.; Sha, S.; Yu, P.; An, Y,; Wang, S.; Kong, X,; Liu, C.; Wei, N.; Feng, Q. Interleukin-1p Induces Autophagy by Affecting
Calcium Homeostasis and Trypsinogen Activation in Pancreatic Acinar Cells. Int. J. Clin. Exp. Pathol. 2014, 7, 3620.

Zheng, T.; Pierre-Pierre, N.; Yan, X.; Huo, Q.; Almodovar, A.J.O.; Valerio, F; Rivera-Ramirez, I; Griffith, E.; Decker, D.D.; Chen, S.;
et al. Gold Nanoparticle-Enabled Blood Test for Early Stage Cancer Detection and Risk Assessment. ACS Appl. Mater. Interfaces
2015, 7, 6819-6827. [CrossRef]

Jacobetz, M.A.; Chan, D.S.; Neesse, A.; Bapiro, T.E.; Cook, N.; Frese, K K.; Feig, C.; Nakagawa, T.; Caldwell, M.E.; Zecchini, H.I.;
et al. Hyaluronan Impairs Vascular Function and Drug Delivery in a Mouse Model of Pancreatic Cancer. Gut 2013, 62, 112-120.
[CrossRef]

Qi, B.; Crawford, A.J.; Wojtynek, N.E.; Holmes, M.B.; Souchek, ].].; Almeida-Porada, G.; Ly, Q.P.; Cohen, S.M.; Hollingsworth, M.A.;
Mohs, A.M. Indocyanine Green Loaded Hyaluronan-Derived Nanoparticles for Fluorescence-Enhanced Surgical Imaging of
Pancreatic Cancer. Nanomed. Nanotechnol. Biol. Med. 2018, 14, 769-780. [CrossRef]


https://doi.org/10.3389/fmicb.2022.881595
https://doi.org/10.7150/thno.23856
https://www.ncbi.nlm.nih.gov/pubmed/29556369
https://doi.org/10.2147/IJN.S233766
https://www.ncbi.nlm.nih.gov/pubmed/32494136
https://doi.org/10.1177/135965350801300210
https://www.ncbi.nlm.nih.gov/pubmed/18505176
https://doi.org/10.3390/met12010148
https://doi.org/10.1016/j.bios.2016.09.086
https://doi.org/10.2147/IJN.S239861
https://doi.org/10.2147/IJN.S264513
https://doi.org/10.1016/j.biomaterials.2016.06.018
https://doi.org/10.1002/adtp.202000165
https://doi.org/10.1021/acsnano.0c03457
https://doi.org/10.18632/oncotarget.22563
https://www.ncbi.nlm.nih.gov/pubmed/29435134
https://doi.org/10.3390/ma10121372
https://www.ncbi.nlm.nih.gov/pubmed/29189739
https://doi.org/10.1049/iet-nbt.2018.5327
https://doi.org/10.1021/acsnano.6b02231
https://www.ncbi.nlm.nih.gov/pubmed/27758098
https://doi.org/10.1172/JCI91561
https://www.ncbi.nlm.nih.gov/pubmed/28891811
https://doi.org/10.1517/14728222.2013.782287
https://www.ncbi.nlm.nih.gov/pubmed/23651053
https://doi.org/10.1097/MPA.0000000000000469
https://doi.org/10.1021/acsami.5b00371
https://doi.org/10.1136/gutjnl-2012-302529
https://doi.org/10.1016/j.nano.2017.12.015

Molecules 2023, 28, 4413 19 of 19

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Luo, Y;; Li, Y;; Li, J.; Fu, C; Yu, X;; Wu, L. Hyaluronic Acid-Mediated Multifunctional Iron Oxide-Based MRI Nanoprobes for
Dynamic Monitoring of Pancreatic Cancer. RSC Adv. 2019, 9, 10486-10493. [CrossRef] [PubMed]

Hamdy, S.; Molavi, O.; Ma, Z.; Haddadi, A.; Alshamsan, A.; Gobti, Z.; Elhasi, S.; Samuel, J.; Lavasanifar, A. Co-Delivery of
Cancer-Associated Antigen and Toll-like Receptor 4 Ligand in PLGA Nanoparticles Induces Potent CD8+ T Cell-Mediated
Anti-Tumor Immunity. Vaccine 2008, 26, 5046-5057. [CrossRef] [PubMed]

Zhang, M.; Kim, J.A.; Huang, A.Y.-C. Optimizing Tumor Microenvironment for Cancer Immunotherapy: (-Glucan-Based
Nanoparticles. Front. Immunol. 2018, 9, 341. [CrossRef]

Du, C; Jiang, J.; Wan, C.; Pan, G.; Kong, F; Zhai, R.; Hu, C.; Ying, H. AntiPD-L1 Antibody Conjugated Au-SPIOs Nanoplatform
for Enhancing Radiosensitivity and Triggering Anti-Tumor Immune Response. Sci. Rep. 2022, 12, 19542. [CrossRef] [PubMed]
Schmid, D.; Park, C.G.; Hartl, C.A.; Subedi, N.; Cartwright, A.N.; Puerto, R.B.; Zheng, Y.; Maiarana, J.; Freeman, G.J.; Wucherpfen-
nig, K.W. T Cell-Targeting Nanoparticles Focus Delivery of Immunotherapy to Improve Antitumor Immunity. Nat. Commun.
2017, 8, 1747. [CrossRef]

Singh, VK,; Chau, E.; Mishra, A.; DeAnda, A.; Hegde, V.L.; Sastry, ] K.; Haviland, D.; Jagannath, C.; Godin, B.; Khan, A.
CD44 Receptor Targeted Nanoparticles Augment Immunity against Tuberculosis in Mice. J. Control. Release 2022, 349, 796-811.
[CrossRef]

Duan, X.; Chan, C.; Guo, N.; Han, W.; Weichselbaum, R.R.; Lin, W. Photodynamic Therapy Mediated by Nontoxic Core-Shell
Nanoparticles Synergizes with Immune Checkpoint Blockade to Elicit Antitumor Immunity and Antimetastatic Effect on Breast
Cancer. |. Am. Chem. Soc. 2016, 138, 16686—16695. [CrossRef]

Yu, W,; Sun, J.; Liu, E; Yu, S.; Xu, Z.; Wang, E; Liu, X. Enhanced Immunostimulatory Activity of a Cytosine-Phosphate-Guanosine
Immunomodulator by the Assembly of Polymer DNA Wires and Spheres. ACS Appl. Mater. Interfaces 2020, 12, 17167-17176.
[CrossRef]

Perica, K.; Medero, A.D.L.; Durai, M.; Chiu, Y.L.; Bieler, ].G.; Sibener, L.; Niemoller, M.; Assenmacher, M.; Richter, A.; Edidin, M.
Nanoscale Artificial Antigen Presenting Cells for T Cell Immunotherapy. Nanomed. Nanotechnol. Biol. Med. 2014, 10, 119-129.
[CrossRef]

Wen, S.; Zhou, J.; Zheng, K.; Bednarkiewicz, A.; Liu, X,; Jin, D. Advances in Highly Doped Upconversion Nanoparticles. Nat.
Commun. 2018, 9, 2415. [CrossRef] [PubMed]

Singh, R.; Dumlupinar, G.; Andersson-Engels, S.; Melgar, S. Emerging Applications of Upconverting Nanoparticles in Intestinal
Infection and Colorectal Cancer. IJN 2019, 14, 1027-1038. [CrossRef] [PubMed]

Babaei, H.; Sepahy, A.A.; Amini, K.; Saadatmand, S. The Effect of Titanium Dioxide Nanoparticles Synthesized by Bacillus
Tequilensis on Clb Gene Expression of Colorectal Cancer-Causing Escherichia Coli. Arch. Pharm. Pract. 2020, 11, 22-31.
Movagharnia, R.; Baghbani-Arani, F.; Sadat Shandiz, S.A. Cytotoxicity Effects of Green Synthesized Silver Nanoparticles on
Human Colon Cancer (HT29) Cells. KAUMS ]. 2018, 22, 31-38.

Sadalage, P.S.; Patil, R.V.; Havaldar, D.V,; Gavade, S.S.; Santos, A.C.; Pawar, K.D. Optimally Biosynthesized, PEGylated Gold
Nanoparticles Functionalized with Quercetin and Camptothecin Enhance Potential Anti-Inflammatory, Anti-Cancer and Anti-
Angiogenic Activities. ]. Nanobiotechnol. 2021, 19, 84. [CrossRef] [PubMed]

Jiang, E; Guo, A.; Xu, J.; You, Q.-D.; Xu, X.-L. Discovery of a Potent Grp94 Selective Inhibitor with Anti-Inflammatory Efficacy in
a Mouse Model of Ulcerative Colitis. |. Med. Chem. 2018, 61, 9513-9533. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1039/C9RA00730J
https://www.ncbi.nlm.nih.gov/pubmed/35515273
https://doi.org/10.1016/j.vaccine.2008.07.035
https://www.ncbi.nlm.nih.gov/pubmed/18680779
https://doi.org/10.3389/fimmu.2018.00341
https://doi.org/10.1038/s41598-022-23434-z
https://www.ncbi.nlm.nih.gov/pubmed/36380062
https://doi.org/10.1038/s41467-017-01830-8
https://doi.org/10.1016/j.jconrel.2022.07.040
https://doi.org/10.1021/jacs.6b09538
https://doi.org/10.1021/acsami.9b21075
https://doi.org/10.1016/j.nano.2013.06.015
https://doi.org/10.1038/s41467-018-04813-5
https://www.ncbi.nlm.nih.gov/pubmed/29925838
https://doi.org/10.2147/IJN.S188887
https://www.ncbi.nlm.nih.gov/pubmed/30799920
https://doi.org/10.1186/s12951-021-00836-1
https://www.ncbi.nlm.nih.gov/pubmed/33766058
https://doi.org/10.1021/acs.jmedchem.8b00800
https://www.ncbi.nlm.nih.gov/pubmed/30351001

	Introduction 
	Inflammatory Factors Involved in Cancer Transformation 
	Macrophages and Denticles Cells 
	Proinflammatory Cytokinesis 
	Tumor Necrosis Factor  
	Interleukin 

	Inflammatory Signaling Pathways 
	Intrinsic Pathway 
	Extrinsic Pathway 
	Transcription Factors (NF-kB) 
	JAK/STAT Pathway 
	COX Pathway 

	Cancer-Associated Inflammatory Diseases and Nanotherapy 
	Hepatitis 
	Pancreatic Cancer 
	Inflammatory Bowel Disease (IBD) 

	Conclusions 
	References

