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Abstract: Premalignant lesions arise from cells that abnormally proliferate and have
a tendency to become cancerous. Developing methods to specifically target and remove
these premalignant lesions is imperative to the prevention of malignant progression into
gastrointestinal (GI) tumors. However, accurate detection and diagnosis of GI precancerous
lesions is challenging, as these lesions show little or no structural change. Thus, this prevents
early intervention and reduces the success rate of therapy. In this review, we performed
a systematic analysis of the technological advancements in the combined application of
nanovesicles (NVs) and the human interstitial fluid (HIF) to specifically target GI premalig-
nant lesions. NVs, which include quantum dots (QDs), are small membranous vehicles of
a nanometer diameter that are widely used as drug delivery vectors, therapeutic effectors and
diagnostic sensors. HIF is the fluid that is present in human interstitial tissues (HITs) in
which signaling molecules and agents travel and can be found throughout the body. HIF is
exploited by tumor cells for their invasion, migration and spread. Because the HITs span the
entire submucosa of the gastrointestinal tract, they have been increasingly targeted in GI
tumor therapy. The challenges involved in the combined application of NVs and HIF in the
detection, diagnosis, prognosis and therapy of GI premalignant lesions are also discussed.
Keywords: gastrointestinal premalignant lesions, nanovesicles, human interstitium

Introduction
The appearance of premalignant lesions, which arise from abnormal cell growth,
indicates a precancerous condition that has the potential to develop into tumors,
including benign and malignant. The presence of such lesions is associated with
a high risk of tumors development. The occurrence of these premalignant lesions
are usually accompanied by non-characteristic symptoms, such as fatigue, mild
discomfort, and loss of appetite. Thus, this poses a challenge for the accurate
detection, diagnosis and administration of early intervention therapy. In this review,
we focus on the gastrointestinal (GI) premalignant lesions in GI precancerous
conditions, such as early gastric cancer, atrophic gastritis, intestinal metaplasia
and dysplasia, which develop in a multi-step process.'

The early detection and diagnosis of structural or molecular changes in pre-
malignant lesions in GI tumor screening and surveillance is critical for early
intervention and follow-up. Early diagnosis can substantially reduce the prevalence

submit your manuscript

Dove n

http:

in 3

International Journal of Nanomedicine 2019:14 9469-9482 9469
© 2019 Huang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BYNe

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Huang et al

Dove

and mortality rate of GI tumors. Common detection meth-
ods of GI premalignant lesions include endomicroscopy
and histology biopsy, which are invasive and time-
consuming methods that typically span over 3-5 days.
Clinicians base the diagnosis on the physical appearance
of the abnormal lesions.” Because both of these methods
are invasive, their clinical application is limited by the
patient age and the size of the lesion. Thus, there is
a need for the improvement of and the development of
novel diagnostic and therapeutic methods that can circum-
vent these limitations.

The human interstitium is a newly discovered organ
that comprises fluid-filled compartments between tissues
in the dermis and submucosae, and other fibrous connec-
tive tissues that are found throughout the body, especially
those that span the entire GI tract.> The interstitiumis well-
known to be the primary source of lymph. The fluid-filled
channels of human interstitial tissues (HITs) connect to
form a collagenous network, which is compressible and
distensible, thereby enabling it to function as a shock
absorber. This unique characteristic of HITs supports the
occurrence of mechanical processes such as peristalsis in
the GI tract. The continuous structure of the network
enables these channels to function as a molecular conduit,
which is exploited by tumor cells to enable their invasion,
migration and spread.’ The transport and distribution of
pro-cancerous molecules and invasive tumor cells via the
human interstitial fluid (HIF) in the submucosae channels
in the GI tract promotes cancer progression and metastasis.
Tumor interstitial fluid (TIF), which is found at tumor
sites, comprises a high concentration of tumor-related sub-
stances. Thus, the direct sampling of TIF is an effective
tumor detection and diagnostic strategy.”

Here, nanovesicles (NVs) have two meanings: synthetic
vesicles that combined with nanomaterials, such as QDs;
natural vesicles of nanometer diameter. Specifically, NVs
are those synthesized that integrated small, structurally
diverse vesicles with QDs and those natural that diameters
ranging from 25 to 1,000 nanometers (nm). Therefore, NVs
are grouped into two types: body-derived exosomes,’ and
synthetic® or biomimetic liposomes.” Exosomes can be
found in human body fluids and they function in antigen
presentation, immune response, intercellular communica-
tion, and RNA and protein transfer.® As molecular messen-
gers in signal transduction between cells, they can influence
molecular physiology and promote cancer development.
Thus, they can be used as biomarkers in the early diagnosis
of GI tumors.’ Synthetic NVs can be sub-divided into two

groups: a conjugate mixture of nanoparticles (NPs) and
vesicles such as the quantum dots (QDs) which are widely
used in biomedical sensing and imaging applications;'® and
human-engineered exosomes with diameters ranging from
50 to 200nm.'"" The tumor-derived exosomes (TEXs),
which carry proteins and RNAs (including microRNAs
and messenger RNAs), are malignant vesicles that are pre-
valent in the serum of cancer patients. These exomes hold
promise in disease diagnosis and prognosis as they can
protect labile cancer biomarkers from degradation.'?
These TEXs can escape from the tumor’s microenviron-
ment and reach the cerebrospinal fluid and systemic blood
circulation via the HIF.'> Hence, the HIF and TIF are rich
sources for the discovery of novel serum biomarkers.'®
Targeted inhibition of TEXs may be a viable therapeutic
strategy for controlling tumor progression.'>

In this review, we first discuss the developments in the
field regarding the separate biological applications of NVs
and HIF in diagnostics, cancer monitoring, therapy and
drug delivery in GI premalignant lesion diagnosis.
Following that, the latest research developments regarding
the application of the novel synergistic therapeutic
approach combining NVs and HIF in detection, diagnosis,
treatment and follow-up of GI premalignant lesions are
discussed. In closing, we outline the challenges to be
addressed and the future directions of subsequent research
in the field.

Individually Targeted NVs or HIF

Against Gl Premalignant Lesions
Both body-derived and synthesized NVs are commonly

2227 28-33

used in the detection,mf21 diagnosis, treatment

and prognosis®* =’

of primary GI tumors, especially inpre-
malignant lesions (Table 1). It could be deduced from these
studies that the success of NV therapeutic strategies lies in
the encapsulated content which includes proteins, RNAs
and NPs. As a delivery tool, however, is also a foreign
substance, the NV is easily absorbed and destroyed by the
liver and spleen mediated by reticuloendothelial system
(RES) once enter the body. The conjugated QDs could
intend to be a blanket, thereby shielding the drug from
harsh gastrointestinal conditions, whereas the NVs ensure
high encapsulation efficiency of their contents and passive
targeting to GI premalignant lesions, and ultimately
improve the gastrointestinal resistance, mucoadhesion prop-
erties, and tumor growth inhibition. Carboxymethyl chito-
san coud provide a gastric resistant coating and impart
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Table | Targeting NVs Against Gl Premalignant Lesions

Application Ref. Findings

i. Detection Body-

derived:

Lin et al'® IncU EGCI encapsulated within exosomes could diagnose premalignant chronic atrophic gastritis in a highly sensitive,
stability, and non-invasive manner.

Wang et al'” The miRNAs, IncRNAs and multiple proteins in exosomes could be used as non-invasive disease biomarkers for EGC

diagnosis.

|I8

McMullen et a Exosomes released into the serum by cancer tissue protected their contents from degradation, and could be used to

detect PC in its earliest, most treatable form.

Synthetic:

Zhang et al'’ Liposome-encapsulated NPs were used as contrast agents to screen and detect early-phase gastric carcinoma.

Feng et al*® SPIO-loaded polymeric NVs were identified as novel and effective contrast agents for tumor imaging to detect human
colorectal carcinoma (LoVo).

Blanco et al*' Phosphatidylserine-targeted NVs were used for imaging and detecting pancreatic cancer.

ii. Diagnosis Body-

derived:

Yan et al*? Stathmin-1 enriched in oncogenic exosomes is a promising diagnostic and predictive marker for ESCC.

Wang et al® Exosomal miRNAs alone or in combination with alpha-fetoprotein may be diagnostic markers for early HCC.
Huang et al** Overexpression of MiR-296-5p in exosomes could be a promising diagnostic biomarker for ESCC.

Synthetic:

Davis et al*® SapC-DOPSNVs enable early diagnosis of mouse pancreatic tumors in vivo.

Ding et al*® Arg-Gly-Asp (RGD)-modified PEGylated liposome-encapsulated ICG canaccumulate in the tumor tissues to diagnose EGC.

27
I

Hoshino et a NIR-fluorescing liposomal probes caneffectively target peritoneal disseminated tumors to precisely diagnose GC.

iii. Treatment Body-

derived:

Li et al®® Exosomal miRNAs are apotentialnovel therapeutic strategy to target HCC progression.

Pan et al* Exosome-mediated miRNA canbe used for early treatment of HCC and inhibition of cancer development.

Zhang et al*® Exosomes canserve as NVs to suppress tumor growth and angiogenesis in gastric cancer by delivering hepatocyte
growth factor siRNA.

Synthetic:

|3I

George et al MNVs loaded with doxorubicin or miR221 antisense oligonucleotides canreduce intrahepatic tumors size and increase

survival rate.

. 32
Borrelli et al

33
|

Drugs-loaded EVs cantreat HCC, which representsa promising new therapeutic modality.
Thapa et a Zwitterion-coated gold-graphene oxide stealth NVs have anti-cancer and anti-migration effects for effective pancreatic

cancer chemo-phototherapy.

iv. Prognosis Body-

derived:

|34

Sun et a The miRNA in exosomes secreted by both gastric CSCs and their DCs can reflect the stage of GC progression and

metastasis, and indirectly act as an indicator to measure the chance of cancer recurrence after therapy.

35
|

Tokuhisa et al Exosomal miRNAs from peritoneum lavage fluid are potential prognostic biomarkers for peritoneal metastasis in GC.

|36

Matsumura et a Exosomal miR-19a in serum are an early prognostic biomarker for recurrence in human CRC.

Synthetic:

Guo et al¥’ Liposomes transfected with pEGFP-NI-KAllplasmid can inhibit GC cells migration and invasion, and improve its
prognosis.

Zheng et al*® Nanoliposomal quercetin combined with CD 133 antiserum canbe a prognostic marker in human ESCC.

Wang et al*’ The GDNs canameliorate mouse colitis prognosis induced by DSS.

Abbreviations: EGC, early gastric cancer; miRNA, microRNA; PC, peritoneal carcinomatosis; SPIO, superparamagnetic iron oxide; NVs, nanovesicles; NPs, nanoparticles;
ESCC, esophageal squamous cell carcinoma; HCC, hepatocellular carcinoma; SapC, saposin C; DOPS, dioleoylphosphatidylserine; ICG, indocyanine Green; NIR, near-
infrared; GC, gastric cancer; MNVs, Milk-derived nanovesicles; CSCs, cancer stem-like cells; DCs, differentiated cells; CRC, colorectal cancer; Kangai |, KAIl; GDNs,
grapefruit-derived NVs; DSS, dextran sulfate sodium.
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a stealth character to lipid vesicles that they tethered,
thereby preventing their RES clearance, and greatly
improve the ability of the encapsulated paclitaxel to against
tumors.*® The intrinsic properties of QDs, including easy
functionalization, biocompatibility, and tumor passive tar-
geting, made them suitable for use as vehicles of NVs
biogenesis. The use of NVs in tumor therapy also takes
advantage of their stability, biocompatibility, and targeting
ability for targeting the delivery of proteins, RNAs, or
therapeutic chemotherapeutic drugs by passive or an active
loading. Passive loading consists of the overexpression of
RNAs, including miRNAs, shRNAs, or mRNA in a cell
culture and active loadingconsists of the directed introduc-
tion of the desired molecule into purified NVs via
electroporation.*’ Hence, careful selection of the specific
NV cargo and conjugated QDs to target certain GI precan-
cerous lesions is a key consideration.

Because HIF present in HITs is a novel medium that
has been recently identified to be a rich source of tumor
cells and tumor-related substances, there are only a few
studies investigating its application in tumor detection,
diagnosis, treatment, and prognosisto date**** (Table 2).
HIF that is comprised of disproportionately high levels of
tumor cells, tumor-specific markers, and tumor-related
substances compared to the normal interstitial fluid is
referred to as TIF.* TIF represents a potential source of
biomarkers, they could influence both cell growth and the

Table 2 Targeting HIF Against Gl Premalignant Lesions

Reference Year | Findings

Fujie et al*? 2018 | Tumor-related cytoplasmic mucin
(MUCS5AC and MUCS6) was found in the
interstitium around the MPD in Type |

AIP around the MPD in Type | AIP.

Liang et al®? 2017 | PAMT, a rare mesenchymal tumor of the
stomach, showed abundant tumor-related
myxomatous stromal cells in the

interstitium.

Reichel et al** | 2017 | Hf-PNAs, in the acidic (hypoxic)
interstitium of metastatic tumors was
used to accurately identify small liver

metastatic CRC.

Atochina- 2015 | Atypical smooth muscle-like TSC2-null

Vasserman
45
|

LAM cells in the pulmonary interstitium

et al showed neoplastic growth

Abbreviations: AIP, autoimmune pancreatitis; MPD, main pancreatic duct; PAMT,
plexiform angiomyxoid myofibroblastic tumor; PNAs, polymer nanoassemblies; CRC,
colorectal cancer; LAM, lymphangioleiomyomatosis; TSC, tuberous sclerosis complex.

invasive potential of tumoral cells, influences the commu-
nication between cells themselves, between tumoral cells
and both healthy surrounding tissues and the systemic
environment. The mechanism through which the TIF influ-
ences tumor development has not been clearly ascertained
to date, however, this may closely related to the niform
pressure existence, flow diminishes, different secreted sub-
stances, cytokines and chemotactic factors, wich leading to
drugs accumulation decline, waste removal reduce,
tumoral tissue expand, tumoral cells growth, etc.*® TIF is
not readily available, until now, no standard method has
been identified for their isolation. Now several methods
have been developed: capsule implantation, wick-in-
needle technique, microdialysis,wick method, glass capil-
lary, capillary ultrafiltration, tissue elution and tissue
centrifugation.*® Proteomic approaches could be used to
quantify known bioactive compounds in the TIF and could
open new frontiers and opportunities in the discovery of
cancer biomarkers.

These preliminary studies focused on determining
whether an association exists between the presence of
a tumor and a certain substance found in the TIF.
Important details, such as the identity of the substance in
the TIF and its expression level, have yet to ber clarified.
Nonetheless, these preliminary findings demonstrate the
significance of TIF to against tumors and suggest the
possibility of combining the use of HIF with NVs to target
GI premalignant lesions. In particular, the advantages of
both could be combined to maximize the anti-tumor effect.

Combined Targeting of NVs and HIF
Against Gl Premalignant Lesions
Detection, Diagnosis and Prognosis
Strategies

TEXSs, which are abundant in the TIF in cancer patients,4
are exosomes used for packaging and transporting pro-

mRNAs, and miRNAs that are differentially
expressed by tumor cells.*’ These exosomes can be

teins,

found in the peripheral blood as they have been reported
to be able to cross the blood-brain barrier intact.** In
addition, TEXs have been detected in human serum and
saliva, which are considered unconventional diagnostic
body fluids.*” As mentioned earlier, as a partial and inte-
gral relationship, TIF and HIF are interflowed. TEXs can
also be found in HIF and their encapsulated miRNAs can
be used to predict the molecular features and pathological
and physiological status of the primary tumor cells. Hence,
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they can be used to determine tumor staging®’ and can
serve as novel diagnostic tumor markers.'*>® TEXs are
isolated and derived from TIF. Conventional methods for
isolating exosomes include ultracentrifugation, size exclu-
sion chromatography, polymer precipitation, immunocap-
ture

developed novel methods,

assays and microfluidic methods.>’ Recently
for example the analytical
microfluidic platform (®VHB-Chip), have significantly
reduced the time taken for the isolation of tumor-specific
exosomes.”> TEXs are nano-scale messengers of tumor
cells loaded with bio-molecular cargo of DNA, RNA,
and proteins. Since the core content of TEXs is the nucleo-
tides and proteins it encapsulates, it is necessary to use
genomics and proteomics techniques for tumour analysis
and characterization. The contents of TEXs can be
released through membrane permeabilization or lysis solu-
tion; after centrifugation and extraction, the nucleotides
can be analysis by genomics technology to confirm
whether these exomsomes are tumor-specific (Figure 1).

Upon successful validation of the isolated TEX candidates,

o R ‘LS /i '
T
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WAVANAVANSIR|111111 VAV

DNAs mRNAs miRNAs
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Genomics technology

a detection and diagnosis protocol can be executed to
monitor the GI premalignant lesions. The specific proteins
of TEXs are becoming new biomarkers for tumor monitor-
ing and diagnosis. The quantity and type of TEXs and
their encapsulated specific proteins are also factors for
consideration in early cancer detection, diagnosis and
prognosis. After centrifugation and extraction, proteomics
technology is typically used to distinguish, determine and
characterize the type and quantity of specific proteins in
TEXs detected and whether they are tumor-specific
(Figure 1). This is further confirmed by morphology ana-
lysis and surface biomarker testing.

Other than TEXSs, tumor-specific proteins are also easily
detected in biofluids’’

biomarkers.>

and show promise as potential
Current proteomics technology for tumor detec-
tion and monitoring are sufficiently sensitive in the detection of
plasma-diluted tumor-specific proteins and biomarker candi-
dates that were initially present at high concentrations when
first secreted into the TIF.>* After detecting the tumor-specific
markers, functional assays are then performed to understand

Type
Analysis ? ?
Conf' rm
Quantity A certain tumor
L3
2 |E
Properties E b=
Q
< o
Content

Figure | Using TEXs to detect, diagnose and predict Gl premalignant lesions. TEXs are isolated from the TIF and analyzed. The encapsulated contents within the TEXs are
released via membrane permeabilizers or lysis solution. The type and quantity of TEXs and their encapsulated specific proteins with respect to a specific tumor are
confirmed using proteomics technology. The nucleotides (DNAs, RNAs) relationship with a specific tumor is subsequently analyzed and confirmed using genomics
technology. Finally, conduct the multi-omics techniques analysis for tumour characterization.
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their biological mechanisms. Simultaneously, a vesicle data-
base search (EVpedia, Exocarta, and Vesiclepedia) is con-
ducted to determine their novelty. Upon confirmation of
novelty, ELISA and Western blot are performed to determine
the potential clinical relevance of the marker, with the applica-
tion of a cut-off value.’’ TEX and tumor-specific marker
identification is complicated by the abundance of other tumor-
related substances and tumor-associated macrophages (TAMs)
in the tumor interstitium, which are found to be associated with
a poor tumor prognosis.”> Hence, careful and detailed analysis
of the substances that are detected in the TIF is necessary to
ensure the accurate identification of biomarker candidates.
NVs can be conjugated with QDs to function as vehicles to
transport specific therapeutic cargo (eg aptamer) to target GI
premalignant lesions directly.'*>® A vesicle composite probe is
constructed in multiple steps to carry a specific aptamer for
direct detection of the lesion (Figure 2). First, a transport
vehicle comprising QDs that are conjugated to a liposome is
constructed. Because the biophysical interactions between
different liposomes and QDs vary, specific QDs should be

designed to enable conjugation with the liposome of choice.
Next, the transport vehicle is conjugated to vesicle nanotra-
cers, such as a labeled single stranded DNA/RNA binding
protein. In the final construction step, the aptamer that is
labeled with other QDs is combined to complete the vesicle
composite probe. The designed aptamer should bind specifi-
cally to the target and be released at the appropriate time to
enable target detection. Localized surface plasmon resonance
biosensors with self-assembled gold nanoislands (SAM-
AuNIs) has been demonstrated to be another direct method
for direct target detection and this method may be able to
from different QD-
conjugated N'Vs encapsulated with NPs can also be used as

distinguish  exosomes sources.”’

various imaging contrast agents, in combination with compu-
ter tomography and other imaging tools, as an indirect method
to identify GI lesions.'” '

Treatment Strategies
After detection of the precancerous lesion, targeted therapy
can be initiated. Synthetic NVs combined with QDs and

ssDNA/RNA

Figure 2 Using QD-conjugated NVs to directly detect Gl premalignant lesions. A transport vehicle is first constructed by conjugating a liposome to QDs. Next, a vesicle
nanotracer is constructed by conjugating a labeled single stranded DNA/RNA binding protein to the transport vehicle. Following this, a vesicle composite probe is formed by
combining the vesicle nanotracer with an aptamer that is labeled with other QDs. The designed aptamer should be able to recognize and bind to the labeled protein in the
vesicle nanotracer and to the in vivo target. Upon encountering the in vivo target, the aptamer binds to it preferentially and dissociates from the vesicle nanotracer.

submit your manuscript

9474

Dove

International Journal of Nanomedicine 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Huang et al

specific anti-tumor drugs can be designed to disrupt the tumor
microenvironment to suppress tumor growth and metastasis or
to destroy the primary premalignant lesions or secondary
malignant lesions via NV implantation in the TIF (Figure 3).
For healthy tissues or cells, protective conjugates can be used
to avoid secondary malignant transformation. Timely follow-
up after treatment should subsequently be scheduled.

Once malignancy occurs, tumor-specific proteins are
released into the HIF and migrate to invade the downstream
tissues or organs, or via an active transport route to an
upstream location, resulting in tumor spread and metastasis.
Current treatment strategies against tumor-specific proteins
utilize molecular targeting such as blocking synthesis and
secretion,”>® inhibiting activity, reducing the number, or
disrupting biological activity. Imatinib,> and ZNF545,
which inhibit promoter activity and reduce translation
efficiency,”® have been reported to inhibit the biogenesis of
tumor-specific proteins. An epidermal growth factor recep-
tor-specific masked chimeric antigen receptor has been
shown to specifically recognize and cleave tumor-
associated antigens, and induce high levels of antitumor
activity.”® QD-conjugated NVs that carry tumor-specific
proteases could be implanted into the TIF to disrupt the

QDs

Therapeutic conjugates

Targeted therapy

Protective tissue drugs

QDs

Protective conjugates

Anti-tumors drugs

tumorigenic activities. For example, NVs that carry collage-
nases could be used to control collagen overexpression in
the TIF to disrupt the tumor microenvironment.*’

TEXs are one of the abundant tumor-related substances
that are present in the TIF of patients. TEXs play a key
role in the mediation of paracrine communication between
that

metastasis.®’*> TEX targeting strategies include gene

tumor cells promote tumor progression and
silencing to reduce synthesis, suppression of internaliza-
tion by normal cells or tissues, reducing the number of
TEXs and inhibiting their biological activity. QDs functio-
nalized with antibodies against overexpressed receptors
and inhibitors, such as siRNAs and hairpins, have been
shown to reduce the biogenesis, release and secretion of
TEXs.*” QDs functionalized with inhibitors of uptake
machinery (eg protein receptors) enable the modulation
of the tumor microenvironment, thereby preventing sec-
ondary damage to other normal cells or tissues.*” TEXs in
the TIF could first be identified by QD-conjugated NVs
through medical imaging techniques (eg flow cytometry,
atomic force microscopy and transmission electron
microscopy),®® and then selectively captured and removed

from the entire circulatory system by ultracentrifugation

=

Primary malignant lesions

=

Secondary malignant lesions

QDs

Specific
sy  protection - 7
sy S22

Healthy tissues

Figure 3 NV implantation in the TIF to target Gl premalignant lesions. NVs carrying either an anti-tumor drug to suppress or kill the primary lesions or secondary malignant
lesions, or protective conjugates to shield healthy tissues or cells from the effects of the tumor, thereby avoiding secondary malignant transformation, can be implanted into

the TIF
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and hemofiltration.®*> Hydrolases and other antagonists
can be used to inhibit or prevent the activity of TEXSs,
thereby blocking further tumor communication and metas-
tasis. Heparanase inhibitors and its neutralizing monoclo-
nal antibodies could inhibit heparanase activity and knock
it down, markedly attenuating tumor progression, metas-
tasis and chemoresistance.®® Additionally, a similar report
suggests that chemical and molecular inhibition of Bcl-xL
could lead to a significant decrease in the uptake TEXs in
hematopoietic malignant cells.®” Suppression of TEX pro-
duction should be the first therapeutic approach used to
treat GI premalignant lesions before considering other,
more complicated, strategies. However, accurate identifi-
cation of the genes associated with specific TEXs for gene
silencing therapy has proven challenging. Hence, future
research should be directed towards resolving this issue.
Therapeutic NV targeting is a common treatment strat-
egy. It is a biofunctionalized drug delivery system prepared
by biomimetic strategies, specific for the therapeutic trans-
port of miRNA, mRNA, siRNA, IncRNA, peptides, and
other synthetic drugs.®®® Therapeutic NVs require high
colloidal stability, biocompatibility, and ligand conjugation
chemistry properties, to covalently or electrostatically con-
jugate with a variety of biomolecules, such as nucleic acids,
peptides, proteins, antibodies, fluorophores and drugs,
thereby giving them labile, therapeutic, and diagnostic cap-
abilities. In addition, NVs should ideally not display signifi-
cant cytotoxicity or activate the complement system.”® The
implantation of NVs carrying therapeutic cargo could be
performed by indirect (permeation via concentration
gradient)*” or direct methods (electroporation)’" to increase
the specificity and efficiency of the therapy. Most solid
tumors possess high vascular densities with extensive perme-
ability, impaired lymphatic clearance, and large fenestrations
into the tumors’ interstitial space. Thus, these inherent struc-
tural defects of tumor tissues enable the selective penetration
and retention of NVs, introduced through passive targeting,
at the tumor site but not in normal tissues.*’ Intravenous
injection can be used to effectively enrich therapeutic NVs
at tumor sites to improve drug delivery efficiency and anti-
tumor efficacy.”> Monoclonal antibodies, peptides/proteins,
folic acid, carbohydrates, and DNA/RNA, which function in
ligand binding, are employed in the active targeting to the
overexpressed cell-surface receptors of tumor cells.*’
A direct method for NV implantation in the TIF is nanochan-
nel electroporation (NEP). This method involves the direct
injection of NVs into the cytoplasm, bypassing the endocy-
tosis route. For example, a “3DNEP chip” has been

engineered to deliver extremely small biological elements
to huge plasmids with near zero negative impact on the
targeted cells.”> The bioavailability of therapeutic NVs
affects their internalization into the tumor. Conjugating bio-
functionalized peptides to the surfaces of NVs could signifi-
cantly improve their uptake into the tumor lesion, and, thus,
improve the treatment outcome.”

Strategies to Optimize Therapeutic
NVs

NVs as potential diagnostic and prognostic biomarkers of
GI premalignant lesions offer a minimally invasive clinical
approach. There is ongoing research investigating the
molecular impact of NVs in the body. For example, there
are studies investigating the metabolism, acute toxicity,
bioavailability, biological clearance, pharmacological
delivery, and chronic exposure safety of NVs. In addition,
efforts are also being directed towards the standardization
of protocols to characterize NV-based medicine and the
biological effects, to increase their production while ensur-

ing reproducibility and quality.

Methods to Modify Therapeutic NVs

Therapeutic NVs should ideally be stable with a strong
water resistant membrane and they should be chemically
inert so that there are no unintended effects regarding their
contents or their timed release, allowing them to exert their
anti-tumor function on their target. Having excellent bio-
compatibility in vivo is another desirable property that
enables NVs to cross biological barriers and efficiently
deliver bioactive cargo, and can this even help in evading
immune recognition.”

The development of modification of the approach of
therapeutic NVs in GI lesion therapy has focused on the
“modular design” of every component, such as the improve-
ment of the lipophilicity of encapsulated agents, the mod-
ification of the lipid bilayer with amphiphilic molecules, the
modification of the surface proteins, internal proteins and
nucleic acids through cell engineering.” For example, mod-
ified NVs have been demonstrated to exhibit improved
thermal, pH and proteolytic stability and increased enzy-
matic activity.”” In addition to a good colloidal stability
and a controlled size, having a high loading capacity for
hydrophilic and hydrophobic drugs is a critical characteristic
of therapeutic NVs that ensures the effectiveness of the
delivery system. Hydrophobic therapeutics (such as hyalur-
onan) can be loaded in to their membranes to increase the
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drug stability and efficacy, while hydrophilic therapeutics
(such as RNAs) can be encapsulated to improve their cel-
lular delivery.”® Polyethylene glycol, cholesterol and egg
phosphatidylcholine, have been reported to modify encapsu-
lated drugs.”* The drugs encapsulated in synthetic NVs
should not be limited to only one or a few types, but should
instead contain a variety of drugs, such as compound drugs,
that include two or more anti-tumor drugs, to increase the
therapeutic efficacy. For example, the triple drug-loaded
NVs including cisplatin, doxorubicin (DOX), and camp-
tothecin, showed enhanced anti-tumor efficacy.”

It has been reported that NV stability primarily depends
on the morphology and not the size.*® In addition, nanodiscs,
rather than uniformly-sized NVs, could lead to an improved
delivery syste, in terms of cellular internalization.*® There is
no best stand-alone method todate for the improvement of the
biocompatibility and bioavailability of therapeutic NVs.
Various methods should instead be integrated to enable opti-
mal NV internalization. For example, low-dose photody-
namic therapy can enhance the uptake of liposomal
cisplatin in pleural malignancies, provided that the photo-
induction conditions are tightly controlled to minimize side
effects.®! In another example of a multipronged N'V synthesis
strategy that significantly enhanced tumor inhibition, prota-
mine was used to improve specific NV internalization and
reduce non-specific uptake, heparin was used to enhance
stability, and calcium carbonate was used to improve drug
loading and confer pH sensitivity.*

Optimization of NV Preparation Methods
Next, we discuss an alternative approach for theoptimiza-
tion of therapeutic NVs: optimization of the NV synthesis
methods. Hydration and ultrasonication methods have been
shown to improve nanovesicular delivery, thereby enabling
the transfer of the vesicular encapsulated contents. For
example, NVs coupled with transferrin were reported to
function as an efficient delivery vehicle for tocotrienols in
breast cancer therapy.®* Nanoprecipitation has been demon-
strated to effectively improve NV internalization, thereby
significantly improving anticancer efficacy.** For example,
glutathione-responsive paclitaxel dimer NVs with ultrahigh
drug content that were prepared using nanoprecipitation,
exhibited good colloid stability, effective cellular uptake
and comparable cytotoxicity to Taxol.®> Rehydration and
dehydration methods can be applied to ensure NV compo-
sitional uniformity.®® For example, subjecting NVs that
were engineered to carry three different types of venoms
to rehydration and dehydration methods, led to improved

stability and anti-cancer efficacy.®” Through self-assembly
/sol-gel techniques, vesicles can be conjugated with certain
QDs to form multi-functional organic/inorganic hybrid
NVs that display a unique morphology and reasonable
stability under physiological conditions.®® These hybrid
NVs can be used for accurate cancer diagnosis and mon-
itoring. QDs can be implanted on the bilayer membrane
surface or inner core of the vesicle to form conjugated NVs,
which can be labeled with fluorescent QDs and tracked by
specific marker antibodies® to define their physical char-
acteristics and determine their concentration.”® NVs that
are synthesized through the sol-gel method possess hydro-
philic and hydrophobic microdomains, which enable the
co-delivery of both water-soluble and water-insoluble
drugs for maximum anti-tumor efficacy.*® For example,
the topotecan (TPT)-loaded liposome-QD hybrid was
shown to be able to transport both therapeutic and diagnos-
tic agents simultaneously, thereby functioning as
a multifunctional delivery vehicle.* Ensuring a uniform
size of therapeutic NVs during synthesis is also an area
that has been studied. The cross-flow method was devel-
oped to ensure size consistency of NVs.’! In addition, NVs
should be engineered to be of an adequate size, ideally
around 400-800nm, to transport sufficient therapeutic
drugs while also being small enough to move through the
TIF and infiltrate the tumor. Nanodroplets that are capable
of tumor internalization have been designed for extravas-
cular imaging.’? This method could potentially be applied
in a similar manner for the early diagnosis and treatment of
GI premalignant lesions.

The QDs and the encapsulated drugs within NVs can
also affect the overall performance of therapeutic NVs.®
Because QDs are not naturally present in the body, they can
produce toxic effects, have poor photochemical properties
and a short lifetime. Designing NVs to carry QDs within
them was found to effectively improve their biocompatibil-

ity, photostability, and improve tumor internalization.”?

Combined Targeting of Therapeutic NVs
and TIF

A corollary approach to enhance the efficacy of therapeu-
tic NVs in GI tumor therapy is to exploit the intrinsic
nature of the TIF. The methods that have been devised to
date, such as increasing the local tissue temperature or
taking pro-cyclical drugs to increase body fluid metabo-
lism, thereby indirectly increasing its transport capacity,
rely on the fluidity of the TIF to drive implanted
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therapeutic NVs towards tumor sites. For example, tem-
perature-sensitive liposomes (TSLs) have been designed to
carry heat-triggered drugs, wherein the rate of drug release
depends on the presence or absence of unbound proteins
when heated, to target the tumor interstitium.”*

Challenges in the Combined
Targeting of NVs and TIF Against Gl

Premalignant Lesions

The ideal therapeutic NVs shouldbe able to carry specific
drugs, have an excellent stability, biocompatibility and max-
imum anti-tumor efficacy. For example, QD-conjugated NVs
can be constructed by simply mixing oppositely charged
carbon QDs that are coordinated by cerium (Ce®") ions and
DNA in water, to enable their application in the biological
setting.”® Despite extensive research into the improvement of
the target-specificity of anti-tumor drugs used in therapy and
the developments regarding their ability to overcome tumor
heterogeneity, these issues still remain a challenge.’® In
addition, better NV implantation approaches that do not
affect the stability and therapeutic properties of the QD-
conjugated NVs have to be developed. This is especially
important for the targeting of cancer cell types that interna-
lize the therapeutic conjugates through receptor-mediated
endocytosis.”’

Previously, biomarkers were thought to be generally
applicable among different cancer types, and that none
were designated as representative of a specific tumor
type. However, research on the TIF revealed that different
cancers express different tumor-specific proteins, which
show little overlap.”* Screening for biomarker candidates
that are specific for different tumors is, thus, possible. For
example, specific exosomal miRNA clusters could poten-
tially be used as biomarkers to diagnose gastric cancer at
an early stage, and determine the cancer stage and
metastasis.** In the event of malignancy, tumor cells or
tissues secrete TEXs and also secrete tumor-related sub-
stances into the TIF. Because both TEXs and the TIF arise
from the same tumor source, this raised the question of the
existence of overlapping substances being secreted.
Indeed, a preliminary study demonstrated that intracellular
proteins in the TIF may actually be derived from TEXs.>*
However, this observation must be confirmed through
additional studies. TIF can accumulate tumor by-products
in a relatively narrow space, due to perfusion of tumori-
genic tissues or cells. Thus, the TIF is a rich resource for
tumor biomarkers and therapeutic targets and should be

extracted from the HIF for detailed analysis and identifica-
tion. There is currently no consensus regarding a method
for the extractionand characterization onTIF.”® In fact, it is
thought that different extraction and analysis methods
should be used for TIF with diverse origins, and that
multiple methods should be used if necessary.

Even after resolving the issues regarding the possibility
of identifying the same candidate from the TIF and TEXSs,
and deciding the strategies to adopt for TIF extraction and
analysis, there remains the challenge of deciding the best
treatment method along with other problems that may arise
during the course of therapy. For example, issues such as
the selection of drugs that can bind specifically to the
identified target, understanding the mechanism of transport
and metabolism of the therapeutic conjugates in the TIF
and their influence on the tumors’ microenvironment.
Tumor-specific proteins in the TIF and TEXs promote GI
precancerous lesion and malignant tumor proliferation and
invasion.>?° Because the TIF is fluid, the determination of
the correct location to extract it to reliably reflect the local
tumor microenvironment and provide accurate early tumor
detection and effective monitoring is a challenge. In most
tissues and conditions, the TIF is not readily available.
Tumor-specific proteins and TEXs are usually present at
different concentrations in different locations. Typically,
they can be found at high concentrations in tumors and at

. . 4
low concentrations in the plasma.’

Perspectives and Conclusions

We have systematically reviewed the existing technologies
and developments in GI premalignant lesion therapy using
NVs and HIF individually. In addition, we have discussed the
combined application of NVs and HIF in early GI premalig-
nant lesion detection, diagnosis, prognosis and treatment.
From our comprehensive analysis, we have noted several
unavoidable and currently unresolved problems.

Although preliminary research has been performed to
determine the role of TEXs in the mediation ofthe com-
munication between tumors and normal tissues, thereby
promoting their spread and metastasis,'® further studies
should be conducted to elucidate their genetic basis and
precise mechanism of action.

Efforts should also be directed towards the improve-
ment of NV synthesis and implantation therapeutic strate-
gies. For example, issues to consider in the use of
synthetic NVs conjugated with NPs include the potential
toxicity of the NPs used, the stability of their conjugates,
as well as the ease of tracking, monitoring and follow-up.
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In addition, there should be a compromise between the NP
size and biocompatibility when selecting NPs for use
inconjugation with NVs. One viable strategy is to tag NP
surfaces with specific ligands to target more aggressive
tumor cells in the digestive tract, thereby improving the
selectivity and efficacy of the nanodelivery vehicle while

reducing the side effects.””

Multiple NV implantation
methods are currently being used. However, there is no
consensus regarding the best method among them. It is
also not known whether different implantation methods
should be combined to yield the best results. Hence,
further research should be performed to address these
issues.

The macro-control of NV metabolism after implanta-
tion in the TIF is another area that warrants further study.
Strategies shoul dencourage the accelerated flow of NVs in
the TIF to indirectly increase drug release rate and protect
the unaffected downstream tissues or organs, while ensur-
ing the maintenance of a fixed therapeutic local concentra-
tion to minimize off-target effects. This seems to be an
irreconcilable contradiction, but it does need to be
resolved.

Lastly, there is no consensus regarding the detection
threshold for the use of tumor-specific markers as biomarkers
in early detection. Tumour-specific markers can be detected
in both precancerous lesions and malignant tumors.'' Thus,
a threshold value should be set for a more accurate diagnosis
of the tumor stage and prognosis.

In conclusion, our analyses support the use of
a combined application of NVs and HIF in targeting GI
premalignant lesions and their continued development and
evolution. Improvement of the stability, biocompatibility,
and amenability of therapeutic NVs is necessary for their
clinical application. Therapy should not be limited to
a single method and should instead combine several com-
patible approaches to achieve maximum efficacy.
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