HIGH SCHOOL EDITION

@ Journal of Student Research

Volume 12 Issue 1 (2023)

Targeting Gastric Cancer Cells using Nanoparticles
to Improve Diagnosis and Treatment Outcomes
While Minimizing Off-Target Toxicity

Dhroov Pathare' and Salame Haddad*

'Coppell High School, Coppell, TX, USA
#Advisor

ABSTRACT

Conventional treatments for metastatic and unresectable gastric cancer (GC) involves chemotherapy and im-
munotherapy, but these methods have limitations and may cause toxicity and damage to healthy cells. This
review focuses on the use of nanoparticles to overcome these challenges. Researchers have reported using na-
noparticles for improving imaging techniques, such as Magnetic Resonance Imaging (MRI), Computed To-
mography (CT), and Single-photon emission computed tomography (SPECT) by eliminating limitations like
adverse reactions, low pharmacokinetics, rapid clearance, and non-specific distribution. Nanoparticles have also
been used in chemotherapy to target specific cancerous cells, minimize side effects, improve drug effectiveness,
protect therapeutic compounds from the body's harsh environment, and deliver multiple diagnostic and thera-
peutic agents simultaneously. Nanoparticles have also shown promise as a delivery platform for gene therapy
in the treatment of GC, specifically using small interfering RNAs (siRNA) to inhibit the expression of specific
genes driving the growth and proliferation of cancer cells using plasmid DNA to express specific proteins. The
use of nanoparticles in oxidation therapy to deliver reactive oxygen species agents (ROS) has shown promise
as a means of selectively targeting cancer cells while minimizing the toxicity to normal cells. Nanoparticles
have also shown similar promise in the delivery of phytochemicals such epigallocatechin gallate (EGCG) in
cancer treatment. The biostability of nanoparticles, and their ability to precisely target cancer cells has provided
a method for stable systemic delivery of drugs, improved the effectiveness of GC diagnosis, treatment modali-
ties, and prognosis, and has shown tremendous potential to further improve outcomes for patients with GC.

Introduction

Current Diagnostic, Staging and Treatment Modalities for Gastric Cancer

Current diagnosis and staging for GC most often start with an esophagogastroduodenoscopy (EGD) procedure
performed for symptoms, including but not limited to dyspepsia, gastrointestinal reflux, weight loss, bleeding,
anemia, and dysphagia [1]. EGD is also useful in collecting tissue samples for histological confirmation of
suspected lesions. EGD conventionally uses white light endoscopy. Recently however, dye-based image en-
hanced endoscopy (chromoendoscopy), and narrow band enhanced-imaging endoscopy are playing a key role
in the early diagnosis of GC [2]. After EGD, Endoscopic ultrasound (EUS) can provide clinical staging of the
progression of the cancer. EUS is most effective in identifying the rare early tumor, which can quickly be treated
through endoscopic resection or surgical removal of the tumor.

Pelvic, chest, and abdominal computed tomography (CT) are also often used during initial staging to
determine tumor size and shape. Fludeoxyglucose-positron emission tomography (FDG-PET)/CT scans can be
used for specific clinical cases, such as when a further examination of indeterminate lesions is necessitated [1].
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Radio, ultrasound, and conventional magnetic contrast agents can be used to enhance tumor imaging. However,
such techniques have limitations, and do not effectively image tumors with poorly differentiated signet ring cell
type histology or those without mucinous features. CT inherently suffers from low soft tissue contrast sensitiv-
ity. PET provides high contrast sensitivity but suffers from relatively poor spatial resolution. MRI provides
excellent soft tissue contrast and relatively high spatial resolution, but has a high cost associated with it.

Conventional treatment methods of metastatic and unresectable gastric cancers depend on the toxicity
profile of the regimen, patient performance status, and comorbidities in the patient. Several cytotoxic agents
are involved in the treatment of advanced gastric cancer, including fluoropyrimidines, platinums, taxanes, and
irinotecan [1]. Fluoropyrimidines are antimetabolite drugs that work by inhibiting the action of an enzyme
called thymidylate synthase, which is necessary for the synthesis of DNA. Examples of fluoropyrimidines in-
clude 5-fluorouracil (5-FU) and capecitabine. Platinums contain the metal platinum. They work by interfering
with DNA replication, leading to cell death. Examples of platinum-based drugs include cisplatin and car-
boplatin. Taxanes are derived from the Pacific yew tree. They work by inhibiting the normal function of micro-
tubules, which are a key component of the cell's cytoskeleton. Examples of taxanes include paclitaxel and
docetaxel. Irinotecan is a chemotherapy drug that causes cell death by inhibiting the normal function of topoi-
somerase I, an enzyme that is necessary for DNA replication. Irinotecan is often used in combination with other
chemotherapy drugs to treat certain types of cancer. These antineoplastic agents are often combined to offer
higher response rates and improved survival as opposed to single-agent therapy.

Conventional therapeutic strategies, namely adjuvant therapy and radiotherapy exhibit limitations to-
ward effective treatment for GC patients. They often suffer from poor selectivity and lead to toxic side effects
due to the non-specific distribution of drugs in the body. They exhibit reoccurrence and are often paired with
normal cell apoptosis, cell growth suppression, and unexpected toxicity. Development of drug resistance in the
host cancer cells also creates barriers to treatment.

To overcome such barriers, the usage of nanoparticles is emerging as a feasible treatment strategy to
minimize toxicity and prevent damage to viable cells. Recent advances in medical research have indicated that
nanoparticle (NP)-assisted imaging and therapy can help in early diagnosis of GC, as well as provide real-time
metastasis monitoring capabilities through enhanced sensitivity and accuracy. Accurate imaging is imperative
to reveal the location of viable cells vs. diseased cells and demarcate the boundary of tumor tissues. Minimally
invasive strategies depend on this demarcation to target specific cells. Nanoparticles engineered with biolumi-
nescent agents improve this accuracy by acting as beacons routed through the body toward the target site [3].

Nanoparticles and Cancer

Nanoparticles have emerged as a promising tool in the field of cancer therapy due to their unique size and
properties, which allow them to selectively target and accumulate at tumor sites. Nanoparticles have a size range
of 1-100 nanometers (Table 1), which allows them to evade the immune system and accumulate in tumors
through the enhanced permeability and retention (EPR) effect. This effect occurs due to the abnormal vascula-
ture of tumors, which leads to increased vascular permeability and impaired lymphatic drainage. As a result,
nanoparticles can accumulate in tumors in much higher concentrations compared to normal tissues, leading to
increased therapeutic efficacy [4].

There are many different types of nanoparticles that have been developed for cancer therapy, including
polymeric nanoparticles, liposomes, and inorganic nanoparticles. Polymeric nanoparticles are composed of bi-
odegradable polymers, such as polylactic acid (PLA) or polyethylene glycol (PEG); and can be used to encap-
sulate a wide range of therapeutic agents, including small molecules, proteins, and nucleic acids. Liposomes
are spherical vesicles composed of phospholipids and can be used to deliver both hydrophilic and hydrophobic
agents. Inorganic nanoparticles, such as gold nanoparticles and iron oxide nanoparticles, have unique optical
and magnetic properties that make them useful for imaging and hyperthermia applications. These nanoparticles

ISSN: 2167-1907 www.JSR.org 2



HIGH SCHOOL EDITION

@ Journal of Student Rescarch

Volume 12 Issue 1 (2023)

can come in different sizes, shapes, and surface features. The surface of the nanoparticles can be functionalized,
allowing for the attachment of targeting molecules like peptides, antibodies, and drugs using functional groups
like NH2, -COOH, and SH. This enhances the effectiveness of the attachment and delivery of these molecules.

Nanoparticles can be designed to target specific tumor cells through the use of antibodies, ligands, or
other targeting moieties. For example, gold nanoparticles have been conjugated with chemotherapy drugs and
targeted to tumor cells through the use of antibodies or ligands [3]. Other nanoparticle drug delivery systems,
such as liposomes and polymeric nanoparticles, have also been developed for cancer treatment [5].

In addition to targeting tumor cells, nanoparticles can also be designed to target the tumor microenvi-
ronment. The tumor microenvironment plays a crucial role in cancer progression and can be targeted to enhance
the efficacy of chemotherapy. For example, mesoporous silica nanoparticles have been shown to effectively
target the tumor stroma and enhance the delivery of chemotherapy drugs [6].

In addition to their use in cancer therapy, nanoparticles have also been explored as diagnostic agents.
For example, magnetic nanoparticles have been used for magnetic resonance imaging (MRI) to visualize tumors
and monitor treatment response [3]. Quantum dots, which are semiconductor nanoparticles, have also been used
as fluorescent probes for cancer imaging [7]. These diagnostic nanoparticles can provide valuable information
on the location and extent of the tumor, as well as the response to treatment.

Table 1. Typical characteristics of nanoparticles [3].

Size Shape Surface Material
Charged: (+) or (-), Metals (Gold, iron
1 nanometer - Cube Functional ~ Groups: | oxide etc.), polymers,
100 nanometers Rod NH2, -COOH, and | liposomes, sili-
Plate SH, con/carbon tubes,
Star Targeting  Ligands: | solid lipid particles,
Sphere Peptide, Antibody and hydrogel materi-
Surface coatings: | als
PEGylation, other
coatings

Discussion

Nanoparticles in Imaging of Gastric Cancer

Current imaging techniques such as MRI, CT, and SPECT rely on the usage of X-rays, strong magnetic fields,
or radioactive substances to take a complete image of the patient’s internals. However, these techniques can
cause adverse reactions in the human body, are limited by low pharmacokinetics, rapid clearance, and non-
specific distribution. Implementation of nanoparticles enhances imaging by eliminating these limitations. Na-
noparticles used in imaging possess a unique size, controllable delivery method, enhanced signal density, chem-
ical properties, permeability/retention, and quantification—unique characteristics that improve tumor diagnosis
[3]. One study performed a contrast-enhanced computed tomography (CECT) analysis for GC with a targeting
nanoparticle contrast agent (CECT-TNCA) [8]. Their data showed that CECT-TNCA improved scan sensitivity
and enabled the visualization of tiny nodules in the gastric area. Similarly, recent advances in nuclear imaging
have facilitated an increase in the nuclear imaging effectiveness of nanoparticles. For instance, GRP-78 (glu-
cose-regulated protein 78) expression represents a biomarker for GC. Another study tested if GRP-78-guided
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polymeric micelles in a xenograft murine model could improve multimodal nuclear imaging for GC using
SPECT/CT and concluded positively [9]. In this study, GRP-78 was the target for the polymeric micelle nano-
particles. This finding illustrated that nanoparticle technology, namely the polymeric micelle, enhanced accu-
racy of diagnostic and screening strategies, and was more effective in identification of GC biomarkers in early-
stage carcinomas. One more study formulated a nanoparticle for enhanced accuracy of magnetic resonance
(MR)/Near-Infra-red Imaging (NIRF) [10]. They used a Superparamagnetic iron oxide nanoparticle (SPION)
coated with nano-dense silica (dSiO2) labeled with near infra-red fluorescence (NIRF) dye 800ZW and anti-
CD146 monoclonal antibody YY146 (800ZW-SPION@dSiO2-YY146). The study demonstrated that the
800ZW-SPION@dSiO2-YY 146 was able to clearly identify xeno-graft GC tumor model as early as a time
point of 30 minutes post injection, and that the tumor uptake peaked at 24 hours post injection.

Nanoparticles in Chemotherapy of Gastric Cancer

Nanotechnology has revolutionized the delivery of drugs through the utilization of nanoparticles in gastric can-
cer treatment. Nanoparticle treatment modalities have the potential to enhance or ease the difficulty of drug
administration. This advantage is derived particularly through their ability to target specific cancerous cells,
rather than a localized region with both cancer cells and viable cells. The benefits of this include: 1) minimizing
side effects; 2) improving drug effectiveness—a lower dosage is required to achieve the same effect; 3) thera-
peutic compounds engineered into nanoparticle are protected from harsh environment of internal body (stomach
acid, enzymes, and proteases in the bloodstream); and 4) simultaneous delivery of multiple diagnostic/thera-
peutic agents [3]. Nano encapsulated vehicles efficiently release drugs at the target site. One study investigated
the efficiency of ursolic acid loaded nanoparticles, prepared using a mPEG-PCL (methoxy polyethylenegly-
colpolycaprolactone) copolymer that acts as a drug carrier [11]. The study concluded that ursolic loaded nano-
particles significantly enhanced cell death in GC. This indicates that nanotechnology can improve the pharma-
cokinetic properties of current drugs. Another study conducted an analysis with lipid-based nanoparticle, com-
posed of hyaluronic acid combined with sorafenib (SRF) and cisplatin (CDDP) [12]. This composition in-
creased antitumor effects and reduced systemic toxicity, further proving the effectiveness of nanoparticle mo-
dalities in GC treatment. These various advances suggest that nanoparticles and coloaded nano vehicles could
become a novel, safe, and effective therapeutic and combinational strategy for treating GC (Table 2).

Table 2. Nanoparticles, their associated anticancer drugs, the polymers used, the cell lines they were tested on,
and their potential use in the treatment of stomach cancer as drug delivery systems [13].

Nanoparticle Chemotherapy Nanoparticle used Tested on Application
Type Drug
Irinot Reducing the chemo-
: rinoteca PEG & polylactide- | Human gastric © ucmg. © chemo
Polymeric and Iveolid i therapeutic agent re-
coglycolide cancer cell lines
5-fluorouracil glyeolt ' lated side effects
Human
. Docetaxel Polylactic-co-gly- gastric cancer cell | To enhance. the anti-
Polymeric T line & tumor-bear- | cancer efficacy of
and LY294002 colic acid (PLGA) .
ing Balb/c docetaxel
nude mice
Polymeric S-Flyorouracil and PLGA Human gastric To achieve .tumor tar-
paclitaxel cancer cell lines geted delivery of
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chemotherapeutic
agents
. Aqueous leaf ex- | . . . . . .
Metallic Zinc oxide nano- | Human gastric | To achieve anti-gastric
. tract of Morus . )
nanoparticles nigra particles cancer cell lines cancer effects
Nigella sativa To improve gastric
(black cumin) seed . | cancer therapy and to
Human gastric .
. extract and mem- ) overcome the biocom-
Metallic nano- . . cancer cell lines & e
. brane vesicles of a | Gold nanoparticles patibility issues asso-
particles . normal  healthy | *. . .
Curtobacterium i ciated with chemically
. cell lines )
proimmune K3 synthesized gold na-
(probiotic) noparticles
. . . . . . | Novel therapeutic mo-
Metallic nano- | Glutamic acid and | Nickel oxide nano- | Human gastric . P .
) ) ; ) ) ) dality for gastric can-
particles thiosemicarbazide | particles cancer cell lines cor
Doxorubicin,
XMD8-92
Metal-polymer (Chemo sensitiz- | Poly (ethylene gly- | Gastric  cancer- | To achieve synergistic
composite nano- | ing agent), and su- | col)-blocked-poly bearing balb/c | anti-gastric cancer ac-
particles perparamagnetic (L-leucine) nude mice tivity
iron oxide nano-
particles
Copper Oxide na- .
Metal-polymer PP ) . | Suppress the gastric
. . noparticles and | Human gastric .
composite Chitosan ) ) tumors via two metal-
. magnetite nanopar- | cancer cell line . .
nanoparticles . lic nanoparticles
ticles
Cetyltrime- . . .
. Resveratrol  and Y . Gastric cancer in- | To enhance the anti-
Mesoporous  sil- . . thylammonium bro- .
) } anti-miR oligonu- : duced male balb/c | cancer efficacy of
ica nanoparticles ) mide and hyalu- .
cleotide L nude mice resveratrol
ronic acid
Calcium car- ) ) Cancer cell mem- | Gastric cancer | To overcome chemo-
Cisplatin and . . . . .
bonate nanopar- : lic acid brane and calcium | bearing male | resistance to cisplatin
i oleanolic aci . . .
ticles carbonate balb/c nude mice | in gastric cancer

Nanoparticles in Immunotherapy of Gastric Cancer

Immunotherapy, a branch of immunology that aims to better understand new therapeutic methods that stimulate
a patient's own immune system, has recently been gaining attention for its potential in the advanced treatment
of GC patients [13]. Data published by researchers has highlighted the importance of tumor immunology in the
therapy of gastric and esophageal cancer [14]. In their review article, the authors compiled information on all
relevant treatment approaches for stomach cancer. The available data suggests that PD-1, PD-L1, PD-12 ex-
pression and MSI status have a role in clinical prognosis and prediction, as well as in potential clinical compli-
cations in stomach cancer treatment. Other researchers have also reported on the characterization of high tumor
microenvironments in gastric cancer, which have a potential role in immunotherapy for treating stomach cancer
[15]. Their study included 1524 gastric cancer patients; and concluded that a comprehensive understanding of
the tumor microenvironment in gastric cancer may help improve the response of gastric tumors to immunother-
apy and provide new advanced treatment options. One study compiled data on the use of immunotherapy for
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the treatment of gastric cancer, including its potential and challenges [16]. In their review article, they described
the role of immunotherapy in personalized treatment using the whole genomic sequence to find predictive bi-
omarkers and to help treat gastric cancer patients safely. A separate study questioned this approach and sug-
gested potential future therapeutics [17]. They found that immunotherapy offers a promising treatment option
for gastric cancer; and discussed relevant aspects of its treatment. In their review article, they focused on pro-
grammed cell death (PD-1) and its ligand (PD-L1) as potential options for treating gastric cancer cells. One
review article highlighted the role of PD-L1 upregulation, which occurs in approximately 40% of gastroesoph-
ageal cancers [18]. The review compiled the roles of several immunotherapy approaches and their successful
treatments of esophageal and gastric cancers in which PD-L2 expression has been reported in 52% of esopha-
geal adenocarcinomas. The review also compiled data on the immune microenvironments in different tumors,
to explain responses or resistance to immunotherapy. Another study collected data on advanced treatments for
gastric cancer, focusing on combination therapies such as chemotherapy, molecular target therapy, and immu-
notherapeutic approaches [19]. They suggested that these therapies can help achieve a five-year survival rate of
greater than 95% for early stages of gastric cancer. Another review identified the role of HER2-targeting in the
treatment of gastric and esophageal cancer [20]. The review compiled clinical and preclinical data from various
research and review articles, concluding that HER2 could be a good target for immunotherapy in the successful
treatment of GC. A separate review reported on a multidisciplinary approach to treating gastric adenocarcino-
mas, as recent advances in gastric surgery have resulted in better treatments, but with higher rates of recurrence
[21]. The review compiled data from numerous studies and suggested that a combination of therapies, including
immunotherapy, could improve patient outcomes. Table 3 is a representative list of immunotherapy-based na-
noparticles used in the treatment of gastric cancer.

Table 3. Immunotherapy-based nanoparticles in the treatment of gastric cancer [22].

Nanoparticle : Treatment Strat- | Drugs or Active
Nanoparticle

Results Reported
Type egy substance involved esults eporte

Improved drug deliver
docetaxel (DOC)- p . & Y
efficiency and the solu-
PEG-PCL  mono- - .
. | ICIs,  Chemo- bility of hydrophobic
Copolymer clonal anti- DOC, PD-L1 mAb
therapy drugs such as DOC; and
body(mAb) nano- . .
. the effective targeting of
particles ..
PD-L1-positive GC cells

The nanoparticles in-

lyethyl ly-
polyetnylene — gly creased the stability of

col-poly(e-capro- ICIs, epigenetic
Copolymer poly(e-cap pig DAC, nivolumab DAC and improved the
lactone) (PEG- | treatment .
. therapeutic effect of ICI
PCL) nanoparticles ..
treatment 1n v1vo.
Hollow meso- Increased infiltration of

Dual-damage to

porous  or- | HMON@IR820/PL | o~ g | Platinum, IR820

gano-silica na- | nanoparticles

CD8+ T cells, which im-
proved the efficacy of

ito-DNA
noparticles e immunotherapy for GC.
Directly killed GC cells
and polarized TAMs into
Targeted chemo-

HSA nanopar- | Sb/HSA-5b
ticles nanoparticle

; Au(Ill)  thiosemi- | M1-like macrophages,
therapy and im- . .
carbazone agent providing a new immu-

munotherapy
notherapy strategy for

clinical translation.
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. Protected the human
poly(lactic-co-gly-

. . . Human gastric tu- | gastric tumor antigen
Polymers colic) acid nanopar- | DC vaccine g g g

ticles mor antigens against proteolytic en-
zymes
The NDDS using hyper-
Gene  therapy, thermia, gene therapy
Metallic Gold nano shell hyperthermia HER-2 targeted | and immunotherapy ex-

and immunoad- | siRNA, gold, CpG hibited encouraging anti-
juvants therapy cancer efficacy against

GC in vitro and in vivo
ICIs: Immune checkpoint inhibitors; DOC: Docetaxel; PD-L1: Programmed cell death ligand 1; mAb: Mon-
oclonal antibody; DAC: 5-Aza-20-deoxycytidine; DCs: Dendritic cells; HSA: Human serum albumin;

TAMs: Tumor-associated macrophages; CpG: Cytosine—guanine; NDDS: Nanoparticle drug delivery sys-
tem; HER-2: Human epidermal growth factor receptor-2

Nanoparticles in Gene Therapy of Gastric Cancer

Nanoparticles have shown promise as a delivery platform for gene therapy in the treatment of gastric cancer.
One specific application of nanoparticles in gene therapy for GC is the use of small interfering RNA (siRNA)
to inhibit the expression of specific genes that drive the growth and proliferation of cancer cells. SIRNA is a
type of RNA molecule that can be used to specifically target and silence the expression of specific genes.
SiRNA therapy involves the delivery of siRNA molecules to cancer cells to inhibit the expression of genes that
are involved in cancer growth and proliferation.

Several studies have demonstrated the potential of siRNA-based gene therapy using nanoparticles for
the treatment of gastric cancer. For example, one study used polyethylenimine (PEI)-based nanoparticles to
deliver siRNA targeting the KRAS oncogene to gastric cancer cells in vitro and in a mouse model of gastric
cancer [23]. The authors found that the siRNA-loaded nanoparticles significantly reduced KRAS expression
and inhibited the growth of GC cells in vitro and in vivo. Another study used folate conjugated 3SWJBRCAAL
siRNA-pRNA nanoparticles to deliver siRNA to suppress the expression of BRCAA1 in GC, which plays a
role in the survival of cancer cells [24]. The authors found that the siRNA-loaded folate conjugated nanoparti-
cles significantly inhibited the proliferation of GC cells in vitro and reduced tumor growth in a mouse model of
gastric cancer. These studies demonstrate the potential of nanoparticle-based siRNA therapy for the treatment
of GC. A study found that siRNA therapy was able to reduce the growth and metastasis of GC cells in a mouse
model [25]. The researchers used siRNA molecules to target and silence the expression of a specific gene called
EZH?2 in GC cells. The siRNA molecules were delivered to the cancer cells using nanoparticles that were syn-
thesized using a method called electrostatic complexation. The researchers then tested the ability of the nano-
particle-delivered siRNA to inhibit the migration and invasion of the cancer cells in vitro using human GC cells
and in vivo using a mouse model of gastric cancer. They found that the siRNA therapy was able to reduce the
migration and invasion of the cancer cells in the mouse model.

Nanoparticles in Oxidation Therapy of Gastric Cancer

Oxidation therapy is a type of cancer treatment that involves the use of agents that can generate reactive oxygen
species (ROS) to kill cancer cells. The use of nanoparticles to deliver these agents has shown promise as a
means of selectively targeting GC cells while minimizing the toxicity to normal cells (Table 4). One study
explored the use of gold nanoparticles for the delivery of a ROS-generating agent called sodium hydroxide
(NaOB) in the treatment of GC [26]. Gold nanoparticles have been widely used in cancer therapy due to their
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biocompatibility, high surface-to-volume ratio, and ability to accumulate in cancer cells via the enhanced per-
meability and retention effect. NaOH is a chemical agent that generates ROS upon decomposition, and ROS
have been shown to have cytotoxic effects on cancer cells. The researchers hypothesized that the combination
of gold nanoparticles and sodium hydroxide might be able to selectively kill GC cells. The gold nanoparticles
were synthesized using a method called seed-mediated growth, and the sodium peroxide was loaded onto the
nanoparticles using a method called adsorption. The researchers then tested the ability of the nanoparticles to
accumulate in the cancer cells and to generate ROS in vitro using human GC cells and in vivo using a mouse
model of GC. They found that the gold nanoparticles were able to selectively accumulate in the cancer cells
and that the ROS generated by the nanoparticles were able to kill the cancer cells in vitro and in the mouse
model. Another study investigated the use of iron oxide nanoparticles for the delivery of a ROS-generating
agent called hydrogen peroxide in the treatment of gastric cancer [27]. The iron oxide nanoparticles were chosen
because they have good biocompatibility and can be easily functionalized with various biomolecules. The iron
oxide nanoparticles were synthesized using a method called coprecipitation, and the hydrogen peroxide was
loaded onto the nanoparticles using a method called electrostatic attraction. The researchers then tested the
ability of the nanoparticles to accumulate in the cancer cells and to generate ROS in vitro using human gastric
cancer cells. They found that the iron oxide nanoparticles were able to selectively accumulate in the cancer cells
and that the ROS generated by the nanoparticles were able to kill the cancer cells in vitro.

In addition to gold and iron oxide nanoparticles, other types of nanoparticles have also been explored for the
delivery of ROS-generating agents in the treatment of gastric cancer. For example, a previously mentioned
study also explored the use of mesoporous silica nanoparticles for the delivery of a ROS-generating agent called
resveratrol in the treatment of gastric cancer [6]. The study found that the mesoporous silica nanoparticles were
able to selectively accumulate in the cancer cells and that the ROS generated by the nanoparticles were able to
kill the cancer cells in vitro.

Table 4. Nano particles containing ROS compounds, and their potential use in the treatment of gastric cancer.

Nanoparticle Nanoparticle L
. ROS agent - Tested on Application
Type used
in vitro using hu-
man gastric can- .
. . . . | Selectively ac-
Metallic Sodium Hydrox- | Gold nanoparti- | cer cells and in Y
. . . . cumulate  and
nanoparticles ide cle vivo using a| .
kill cancer cells
mouse model of
gastric cancer
. invitro using hu- | Selectively ac-
Metallic Hydrogen Per- . . £ Y
: : Iron-oxide man gastric can- | cumulate  and
nanoparticles oxide .
cer cells kill cancer cells
) in vitro using hu- | Selectively ac-
) mesoporous  sil- }
Polymeric Resveratrol . . man gastric can- | cumulate  and
ica nanoparticles )
cer cells kill cancer cells

Nanoparticles in Phytochemical Therapy of Gastric Cancer

Phytochemicals are naturally occurring compounds found in plants that have been shown to have various health
benefits. The use of nanoparticles to deliver phytochemicals has shown promise as a means of selectively tar-
geting cancer cells while minimizing the toxicity to normal cells (Table 5). One study reported the use of poly-
ethyleneimine (PEI)-based nanoparticles for the delivery of a phytochemical called epigallocatechin gallate
(EGCQG) in the treatment of GC [28]. The PEI-based nanoparticles were synthesized using a method called self-
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assembly, and the EGCG was loaded onto the nanoparticles using a method called adsorption. The researchers
then tested the ability of the nanoparticles to accumulate in the cancer cells and to deliver the EGCG to the
cancer cells in vitro. They found that the nanoparticles were able to selectively accumulate in the cancer cells
and that the EGCG was able to inhibit the growth of the cancer cells in vitro. Another study investigated the
use of chitosan nanoparticles for the delivery of a phytochemical called curcumin in the treatment of GC [29].
The chitosan nanoparticles were synthesized using a method called ionic gelation, and the curcumin was loaded
onto the nanoparticles using a method called adsorption. The researchers then tested the ability of the nanopar-
ticles to accumulate in the cancer cells and to deliver the curcumin to the cancer cells in vitro. They found that
the chitosan nanoparticles were able to selectively accumulate in the cancer cells and that the curcumin was
able to inhibit the growth of GC cells in vitro.

Other types of nanoparticles have also been explored for the delivery of phytochemicals in the treatment of GC.
For example, a study explored the use of liposomes for the delivery of a phytochemical called resveratrol in the
treatment of GC [30]. The liposomes were synthesized using a method called thin film hydration, and the
resveratrol was loaded onto the liposomes using a method called solvent evaporation. The researchers then
tested the ability of the liposomes to accumulate in the gastric cancer cells and to deliver the resveratrol to them
in vitro. They found that the liposomes were able to selectively accumulate in the cancer cells and that the
resveratrol was able to impede their growth in vitro.

Table 5. Nano formulations containing plant-derived compounds, and their potential use in the treatment of
gastric cancer.

Nanoparticle Type Nano Formulation Potential Use
Inhibit COX2 activity, accel-
erate Apoptosis

Ursolic acid + PEG-PCL

Resveratrol + Anti-mRNA | Inhibit tumor growth, prolif-
loaded nanoparticle eration, and migration

Inhibit epidermal growth fac-
Curcumin + Etoposide lipid | tor receptor (EGFR) activity,
Plant based nanoparticle BCL-2, BCL-XI, STAT3
pathway, and NF-KB

Accelerate Apoptosis, Inhibit

Paclitaxel + Polymeric mi-

celle (NK105) tumor growth, proliferation,

and migration

Accelerate Apoptosis, Inhibit

Queretin + HA-SILN + Doxo- . .
angiogenesis, tumor growth,

rubicin + Camptothecin

proliferation, and migration

Nanoparticles in Phototherapy of Gastric Cancer

Another emerging application of nanoparticles in cancer therapy is phototherapy, which involves the use of
nanoparticles that absorb near-infrared light and convert it into heat. This heat can be used to destroy cancer
cells, either alone or in combination with chemotherapy drugs. Photodynamic therapy (PDT), Photothermal
therapy (PTT), and photoimmunotherapy (PIT) are the main modalities that have been researched heavily in
recent years. Phototherapy has the advantage of being minimally invasive and having a high selectivity for
cancer cells, as it relies on the absorption properties of photosynthesizers. IR-780 iodide is a lipophilic dye that
can be efficiently detected by Near-Infra-Red-Imaging (NIFR). Upon irradiation, IR-780 generates ROS and
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heat which is detrimental to cancer cells. A study reported that IR-780 preferentially accumulated in the mito-
chondria of drug-resistant lung cancer cells and inhibited cell growth [31]. Another study reported that IR-780
can selectively target prostate cancer cells [32]. However, photosynthesizers are chemically hydrophobic which
hampers their biodistribution. Because IR-780 displays high hydrophobicity and lipophilicity, its systemic dis-
tribution can be improved by using nanoparticles as its carriers to the target site. A separate study explored
another photosynthesizer Indocyanine green (ICG) for PTT [33]. However, several drawbacks limit ICG’s ap-
plication in clinical practice, specifically its non targeting ability to tumor limits its use in tumor diagnosis and
treatment.

Several attempts have been made to overcome these challenges of IR-780 and ICG such as encapsu-
lation into nanocarriers to provide increased efficacy. Researchers developed a nanoparticle for enhanced NIFR-
guided photothermal therapy for GC [34]. The study reported that nanoparticle-coated ICG conjugated with
argi-nine-glycine-aspartic acid (RGD) polypeptide selectively accumulated and penetrated in the tumor. An-
other study reported the manufacture of an amphiphilic macromolecular nanoparticle micelle conjugate by
modifying hydrophilic sericin with hydrophobic cholesterol and further linked to the tumor-targeting agent folic
acid (FA) [35]. The IR780 was encapsulated into the nanoparticle to form stable micelles (FA-Ser-Chol/IR780).
The study reported that the FA-Ser-Chol/IR780 micelles was selectively absorbed by FA-positive GC cells
while the uptake micelles showed remarkable PDT and PTT cytotoxicity towards the cancer cells under laser
irradiation The study concluded that nanoparticle FA-Ser-Chol micelles showed promise as a IR780 carrier for
PDT and PTT therapy.

Conclusion

Gastric cancer is a serious public health concern, with a relatively low 5-year survival rate of less than 20% due
in part to the high frequency of late diagnosis. Conventional treatment methods for advanced GC include chem-
otherapy and immuno-therapy, but these methods have limitations and may cause toxicity and damage to
healthy cells. Novel approaches such as nanoparticle-assisted imaging and therapy show promise for early di-
agnosis and real-time monitoring of metastasis. Targeted therapies and immune checkpoint inhibitors have also
shown effectiveness in improving survival outcomes in GC. Nanoparticles have been studied for their use in
immunotherapy, gene therapy, and targeted drug delivery for GC. In particular, the use of nanoparticles to
deliver small interfering RNA (siRNA) has shown promise in the inhibition of the expression of specific genes
that drive the growth and proliferation of GC cells. This approach has the potential to be an effective treatment
for GC, especially in cases where traditional chemotherapy has proven to be ineffective. Nanoparticles have
also been studied for their ability to deliver targeted drugs to GC cells, potentially increasing the efficacy of
chemotherapy while reducing toxic side effects. This approach has the potential to significantly improve patient
outcomes and quality of life, as chemotherapy can often have severe and long-lasting side effects. Additionally,
nanoparticles have the potential to be used for imaging and monitoring the progression of GC, allowing for
earlier diagnosis and better treatment planning. This can be particularly useful in the early stages of GC, where
treatment is most likely to be effective and patient outcomes are generally better.

Future Direction

Despite significant advances in the laboratory, further research is needed to optimize the design and synthesis
of nanoparticles and to fully understand their potential risks and benefits. In particular, the potential toxicity
and long-term effects of nanoparticle exposure need to be carefully evaluated. In addition, the development of
safe and effective methods for the synthesis and functionalization of nanoparticles is crucial for their clinical
translation. The translation process involves overcoming various technical, regulatory, and safety challenges
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associated with the development of nanotechnology-based products. This requires extensive preclinical and

clinical testing to establish safety, efficacy, and pharmacokinetics of these agents. Presently, numerous diag-

nostic and therapeutic agents enabled by nanotechnology are undergoing clinical trials (Table 6), and many

more are on the verge of achieving that goal. These ongoing clinical trials of nanotechnology-based diagnostic

and therapeutic agents demonstrate the potential of this field to revolutionize the diagnosis and treatment of

diseases, providing hope for patients who suffer from currently incurable conditions.

Table 6. A representative list of ongoing clinical trials for GC treatment (ClinicalTrials.gov, search terms:

nanoparticle | Recruiting, Not yet recruiting, Available, Active, not recruiting Studies | Gastric Cancer) [36].

Status Study Title Condition Intervention Purpose
The purpose of this study is
to assess the efficacy and
Effect of CNSI vs. D S?fety of carl?on nailn.opz;rti-
rug: cle suspension injection
o ICG in Lymph Node | Gastric Can- g . . P . !
Recruiting : . Carbon nanoparticles and indocyanine green
Tracing During Gas- | cer . .
trectom Drug: Indocyanine green tracer-guided lymph node
y dissection during gastrec-
tomy in patients with gas-
tric cancer
The study aims to combine
Nab-PTX, S-1 and sintili-
Nab-PTX Plus S-1 ma? as adj:uvant regimen to
o patients with stage IIIC GC.
and Sintilimab as Ad- | Stage . . . .
. . ) ) Drug: Nab-PTX nanoparti- | The study aims to investi-
Recruiting juvant Therapy in Pa- | IIIC Gastric .
. . cle, Sintilimab, S-1 gate the recommended dose
tients with  Stage | Cancer ) ) )
. of this regimen in a phase I
IIIC Gastric Cancer .
study and estimate the tox-
icity and efficacy of this
regimen in a phase II study.
The aim of the study is to
assess the safety and effi-
f EPO057 i ti-
EP0057 in Combina- Ca:,y ° | (altl, I;W)es .
ational nanoparticle) in
tion with Olaparib in | Gastric Can- 5 L p ;
. combination with Olaparib
Not yet Relapsed Ad- | cer Drug: EP0057 nanoparticle o )
.. . . (a PARP inhibitor) in two
recruiting vanced Gastric Can- | Small-cell Drug: Olaparib tablets .
cancers where there is a
cerand Small Cell | Lung Cancer . .
high unmet need: extensive
Lung Cancer
stage small cell lung cancer
(SCLC) and ATM-negative
gastric cancer (GC).
A Pilot Study of Neo- Aim of the study is to pro-
dj t Chemother- tively i tigate th
a ]uvar.1 em? er Drug: camrelizumab-+Nab- spec 1've y investigate the
apy with or without . . effectiveness and safety of
. . Gastric Can- | PTX nanoparticle . :
Recruiting Camrelizumab for Camrelizumab  combined
cer Drug: Chemotherapy Nab- . .
Locally Ad- ) with DOS regimen chemo-
. PTX nanoparticle . .
vanced Gastric Can- therapy in neoadjuvant
cer treatment of patients with
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locally advanced gastric
cancer using albumin nano-
particle of paclitaxel .
The study aims to evaluate
the effi d safety of
PD-1 Blockade with e. © '1cacy an 'sa v ,0
1S001 Plus Neoadiu- toripalimab combined with
! Drug: Toripalimab Injec- | FLOAP  (albumin-bound
.. vant Chemotherapy | Stomach Ne- | . . C
Recruiting ) tion Drug: Nab-PTX nano- | paclitaxel, oxaliplatin,
for Gastric/Gas- oplasms . .
particle fluorouracil and leuco-
troesophageal Junc- i ) .
. vorin) regimen as the peri-
tion Cancer .
operative treatment for gas-
tric cancer.
Clinical Study of
C li b, Apa- -
.a.mre zuma ba To evaluate the clinical ef-
tinib Mesylate and ) i :
Nab-paclitaxel Com- Drug: Camrelizumab | ficacy of camrelizumab, ap-
. P . . Drug: Oxaliplatin | atinib Mesylate and nab-
bined with Oxplatin | Locally Ad- . . .
Not yet re- . Drug: S1 | paclitaxel combined with
.. and S-1 in the Neoad- | vanced Gas- .. . .
cruiting . . Drug: Apatinib Mesylate | oxplatin and S-1 in the neo-
juvant Treatment of | tric Cancer i .
Locall Ad- Drug: Nab-PTX nanoparti- | adjuvant treatment of lo-
vance(i] Gastric  Can- cle Drug: S1 cally advanced gastric can-
cer with Different cet
Genotypes
Colorecta
Cancer
Breast Can-
reast Lan SNB-101 is a novel nano-
cer
ticle f lati f SN-
Dose-finding Study to | Pancreas particle 01Tmu ation O,
38, the active metabolite of
Evaluate the Safety, | Cancer irinotecan(CPT-11). Stud
1 -11). Stu
.. Tolerability, and | Ovarian Drug: SNB-101 nano- | . . Y
Recruiting L ) ) is a dose escalation study of
Pharmacokinetics of | Cancer partcile Drug: Irinotecan . ..
. SNB 101 with its active in-
SNB-101(SN-38) in | Small-cell : : ..
. . gredient SN-38, in partici-
Patients with Tumors | Lung Cancer . .
. pants with advanced solid
Gastric Can-
tumors.
cer
Head and
Neck Cancer
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