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Abstract: All humans are universally affected by inflammatory diseases, and there is an urgent need to identify new anti-inflammatory
drugs with good therapeutic benefits and minimal side effects to the organism. Recently, it has been found that plant-derived vesicle-like
nanoparticles (PDVLNs) have good biocompatibility, with their active ingredients exhibiting good therapeutic effects on inflammation.
They can also be used as drug carriers for targeted delivery of anti-inflammatory drugs. Therefore, PDVLNSs represent a popular research
area for novel anti-inflammatory drugs. This paper details the origin, biological functions, isolation and purification, and identification of
PDVLN:S, as well as the therapeutic effects of their intrinsic bioactive components on inflammatory diseases. It also introduces their targets
as drug carriers to facilitate the development and application of PDVLNs anti-inflammatory drugs.
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Introduction

Epidemiological studies have revealed a significant increase in the incidence of inflammatory diseases over the past 20
years,' and the number of patients taking anti-inflammatory drugs has also been rising.? Inflammatory diseases often
occur in multiple systems and are systemic disorders with symptoms that persist over time and may recur. In clinical
practice, patients are often comorbid with a variety of diseases, including cardiovascular, metabolic, and skeletal
disorders, as well as cognitive deficits, further affecting quality of life and increasing mortality. This poses a great
challenge for accurate diagnosis and treatment of the disease. Most of the drugs currently used to treat inflammatory
diseases are synthetic drugs; however, they can all have serious side effects and long-term use can lead to multiple
complications. Therefore, there is an urgent need to identify novel therapeutic agents for the treatment of inflammatory
diseases.” PDVLNs come from a wide range of sources, are safe and non-toxic, have low immunogenicity, can be mass-
produced at low cost, and have good biocompatibility and environmentally friendly properties. Moreover, PDVLNs are
directly edible, absorbed through the gastrointestinal tract, and play a huge role in species exchange between plant and
mammalian cells, which makes PDVLNSs attract a wide range of attention for therapeutic applications. Recent studies on
the anti-inflammatory effects of PDVLNS, a class of drugs that effectively inhibit inflammation, have shown to possess
anti-inflammatory bioactivities that are effective for treating many inflammatory diseases. In this review, we will describe
in detail the isolation and purification, characterization, and biological functions of PDVLNSs, as well as the therapeutic
effects of their intrinsic bioactive components on inflammatory diseases, and their targeting as drug carriers in order to
facilitate the development and application of anti-inflammatory drugs with PDVLNS.
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Progress in the Study of Inflammatory Diseases

The inflammatory response is a protective immune response produced by the body in response to various harmful stimuli
and represents a defense mechanism for the clearance of pathogens and maintenance of tissue homeostasis. Moreover,
weak inflammatory responses can lead to persistent pathogen infection, whereas excessive inflammatory responses can
cause chronic or systemic inflammatory disease.*> It is widely believed that inflammation constitutes part of the innate
immune mechanism. If left unchecked, inflammation may evolve into acute or chronic inflammatory disease and can also
represent the underlying cause of many chronic diseases. Therefore, the treatment of inflammatory diseases is an area of
keen research interest in the medical field.

Mechanisms of the Inflammatory Response

The pathogenesis of inflammatory diseases is complex. Under normal conditions, the protective and tissue-damaging
capacities of the inflammatory cascade response are typically maintained in a balanced state and regulated by inflammatory
cytokines.®’ However, chronic inflammation usually manifests as the massive destruction of damaged tissues resulting from
the inflammatory response and little protection.® If left unchecked, inflammation may present as a variety of inflammatory
diseases, including rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease, immune inflammatory diseases, and
tumor transformation.’ ' Although inflammation can develop into a variety of different inflammatory diseases, they share
a common response mechanism. The specific mechanisms are as follows: 1) the recognition of noxious stimuli by cell surface
membrane receptors; 2) activation of inflammatory pathways; 3) release of inflammatory markers; and 4) recruitment of
inflammatory cells. The mechanisms of the inflammatory response are complex, uniform, and require continuous exploration
by researchers to better cope with the development of inflammatory diseases.

Classification of Inflammatory Diseases

There are various classifications of inflammatory diseases, which can be classified in detail according to the different
durations and locations of onset. Acute and chronic inflammatory diseases can be classified according to the duration of
onset. According to the site of origin, these diseases can be divided into inflammatory diseases of the cardiovascular
system, brain, respiratory tract, gastrointestinal tract, and skin. With the unhealthy diet and irregular lifestyle associated
with modern life, inflammatory diseases are becoming increasingly more common; however, the drugs commonly used in
clinical treatment are accompanied by a greater number of side effects. Therefore, it is especially important to select the
right medication for inflammatory diseases that is safe and without side effects.®

New Anti-Inflammatory Drugs

The anti-inflammatory effects of western drugs and herbs have their own advantages and disadvantages. Currently, for some
severe and critical illnesses caused by inflammatory factors, the anti-inflammatory drugs commonly used clinically have anti-
inflammatory effects; however, they are specific for treatment, are associated with certain serious adverse effects, and possess
inaccurate efficacy. Since the results of anti-inflammatory and basic supportive treatment alone do not achieve the desired
therapeutic effect, there is an urgent need to identify a new anti-inflammatory drug with good therapeutic effects and low side
effects. In recent years, plants and extracted phytoactive ingredients have become an important source for the development of
novel anti-inflammatory drugs.” With the continuous research of PDVLNS, some scholars have found that PDVLNS inherit the
properties of effective bioactive ingredients and can exert the anti-inflammatory properties of anti-inflammatory plants,
representing an anti-inflammatory drug with greater biological properties and advantages compared to Chinese and Western
medicines. The next section will elaborate on the research progress made to date regarding PDVLNs and further introduce their
applicability for the treatment of inflammatory diseases.

Research Progress of PDVLNs

Extracellular vesicles (EVs) are phospholipid bilayer structures produced by mother cells under the influence of different
factors, including inflammation, hypoxia, oxidative stress, senescence and apoptosis.14 EVs are termed exosomes, ecto-
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somes, apoptotic bodies, oncosomes, microvesicles, microparticles, etc., depending on their origin and diameter. 517 1
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2007, researchers discovered for the first time, that plant cells can also secrete active substances similar to the morpho-
logical structure of animal-derived extracellular vesicles, known as PDVLNs.'®! After performing in-depth studies, the
particle size of PDVLNs was distributed in 30—1000 nm, and the structural characteristics were similar to those of animal-
derived VLNs, all of which have lipid bilayer membrane structure and membrane surface proteins. In addition, these
PDVLNSs contained cytoplasmic components, such as mRNA, miRNA, proteins and some active components unique to
plants.?® PDVLNSs also have unique properties, with different PDVLNSs possessing the physiological functions of their
plants of origin. PDVLNSs are widely available, safe, non-toxic, have low immunogenicity, can be mass-produced at low
cost, have good biocompatibility and environmentally friendly properties. Moreover, PDVLNs are directly edible, absorbed
through the gastrointestinal tract, and play a huge role in species exchange between plant and mammalian cells.

Collectively, these traits make PDVLNSs of wide interest for therapeutic applications.”' >

Isolation and Purification of PDVLNs

Due to the heterogeneity of vesicle-like nanoparticles (VLNs) in terms of size, origin, content, and function, there is
currently no standard and universal technique for the separation of VLNs, which greatly limits the depth of research on their
functional aspects. Most isolation techniques cannot completely separate VLNs from lipoproteins with similar physical
properties and from the VLNs of non-in vivo pathways.>*** The principle of ultracentrifugation is to separate the
components according to the physical properties of the particles in the solution, the density, and viscosity of the solvent
in order (Figure 1). This has the advantages of simple operation, high purity of VLN, and can be used for the study of VLN
proteins, DNA, and immune function, as well as the extraction of a large volume of samples without the use of reagents.26
However, the extraction process using this method is time-consuming and is associated with a low yield. Density gradient
centrifugation generally forms sucrose concentration gradient bands by ultracentrifugation, whereas VLNs are mainly
concentrated in the density bands of 1.13-1.20 g/mL.*> The polymer precipitation method is based on the principle of
changing the solubility and dispersion of VLNs by adding polymers, and finally obtaining VLNs by centrifugation at
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Figure | Isolation and purification of PDVLNs. PDVLNs can be isolated and purified by consecutive centrifugation, including ultracentrifugation and sucrose gradient
ultracentrifugation. Dead cells and cell debris are discarded after continuous centrifugation and the supernatant is retained. After ultracentrifugation, the supernatant is
discarded and the sediments are retained.
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a lower speed. This method is easy to operate, does not require ultracentrifugation, has a high yield, can retain the biological
activity of VLNs to the greatest extent, and is suitable for RNA analysis of VLNs. However, this method is prone to
introduce impurities, such as precipitation reagents and lipoproteins, which may affect the downstream analysis and is not
suitable for the study of VLN proteins. Ultrafiltration and size-exclusion chromatography are methods used to achieve
separation based on the existence of size differences between exosomes and VLNs. Ultrafiltration represents a new method
for the extraction of VLNs due to its rapidity and medium purity without affecting the biological activity of VLNs;
however, the adsorption and pressure of the membrane may lead to VLN deformation and rupture, resulting in losses and
thereby affecting the results of the analysis. VLN purity separated by size exclusion chromatography is high, while
preserving integrity and biological activity. The disadvantages include that the separation process is time-consuming,
unsuitable for large-scale production, and expensive. Immunoaffinity chromatography can isolate VLNs and their subgroups
with high purity, but requires the selection of appropriate markers, which may cause bias when used to isolate total VLNs
due to differences in marker expression between subgroups.

In summary, the commonly used separation methods for VLNs include ultracentrifugation, polymer precipitation,
ultrafiltration, size-exclusion chromatography, and immunoaffinity chromatography, among others.>” When performing
VLN separation, the most suitable method should be selected by taking into account the sample volume, purity, cost,
instrumentation, time, and purpose of the study.”” If a standard method for isolation and purification of PDVLNs is
available, the biological efficacy of PDVLNSs in anti-inflammation will also be more stable for better and more rapid
clinical application in the future.

Characterization and Identification of PDVLNs

With the booming PDVLN nanotechnology, there is a higher demand for accurate and diverse characterization
techniques. It is important to design and employ multiple characterization techniques to discriminate between the
different subgroups of VLNSs, especially for the design of therapeutic and drug nanocarriers for PDVLNs. Methods
that have traditionally been technically used to characterize the size of VLNs include flow cytometry methods, dynamic
light scattering (DLS), and transmission electron microscopy (TEM). Of these, flow cytometry is the most widely used.
Flow cytometry allows for the rapid quantitative analysis of cells or cell-sized particles in suspensions. However, the
ability to accurately determine the size of such particles is severely limited by the lower limit of the particle size of flow
cytometers, which is around 300 nm. The size and zeta potential of dispersed PDVLNSs can be measured and evaluated by
DLS.?® The main difference between DLS and NTA is the concentration range. When the concentration is too low, NTA
can fulfill the detection task very satisfactorily, while DLS can only detect samples with higher concentration. It has been
shown that an ultrastructural analysis of the subcellular state of PDVLNSs can be performed using transmission electron
microscopy.?’>° Electron microscopy can be very intuitive to see the topography and size of the sample, but it is too
costly and time-consuming to ensure the integrity of the sample after preparation. Compared with other technologies,
NTA technology is simpler in sample processing, better able to ensure the original state of exosomes, and it is able to
comprehensively characterize particles with a wide range of particle size distributions in suspensions, with the advan-
tages of high resolution, fast detection speed, high accuracy and so on. Therefore, NTA is considered the gold standard
for the identification of VLNS.

A composition analysis of lipids, nucleic acids and proteins of PDVLNs is considered to be important characterization
criterion for the quality control of PDVLNSs.?"*? Plant and mammalian cell-derived VLNs enjoy a common technique for
characterizing their chemical composition. Lipids represent an important component of the molecular structure of the
PDVLN lipid bilayer, and the main analytical techniques used consist of chromatography-tandem mass spectrometry and
magnetic resonance (NMR).>* Due to the limitation of NMR on sample volume and sensitivity, the lipid analysis of
PDVLNSs continues to be frequently performed by chromatography-tandem mass spectrometry. Developing an under-
standing of lipid composition and how each lipid component regulates PDVLNs will help investigators develop effective
treatment strategies for PDVLNs.** PDVLN proteins were detected by protein immunoblotting and enzyme-linked
immunosorbent assay. SDS-PAGE and Western blot are widely used in protein analysis.>>*® In addition, the qualitative
and quantitative analysis of PDVLNs proteins is important for the screening of various disease surface markers. PDVLNs
contain both a large amount of protein and lipid components, as well as different forms of RNA and DNA, which are
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primarily dominated by RNA. Precipitation and centrifugation columns, amplification, and sequencing techniques are

commonly used to extract and detect nucleic acids from PDVLNs, %3728

Biological Functions of PDVLNs

PDVLNSs possess the following excellent biological functions: 1) good biocompatibility; 2) non-toxicity and low immuno-
genicity; 3) specific targeting; 4) extended drug cycle and duration of action; 5) mass production; and 6) crossing the blood-
brain barrier.”***° Understanding the biological functions of PDVLNs can better facilitate the research of PDVLNs in
therapeutic applications. For example, a major obstacle in the treatment of neuroinflammatory diseases is the absence of an
effective carrier that can transport drugs across the blood-brain barrier. However, PDVLNs are characterized by low
immunogenicity, innate stability, specific targeting and crossing the blood-brain barrier, which could be an ideal drug delivery
vehicle for neuroinflammatory diseases and provide a novel therapeutic modality for neuroinflammatory diseases. Among
these, specific targeting is a major characteristic, and many groups have investigated PDVLN targeting. VLNs of mammalian
origin are rapidly metabolized from the circulation after in vivo administration, which is not conducive to drug retention in the
body.*! Moreover, PDVLNSs target the colon and can be taken up by macrophages and intestinal stem cells, cross the intestinal
mucosal barrier, and effectively remain in the intestine, ensuring targeted drug delivery to the intestine and increasing the local
drug concentration.*? The specific targeting of PDVLNSs can be effectively demonstrated by the following findings, in which
the anti-inflammatory drug methotrexate (MTX) binds to grapefruit-derived nanovesicles (GDN); GNDs can specifically
target colonic tissues, act as intestinal immunomodulators to maintain intestinal macrophage homeostasis, fully utilize the
effect of MTX, and improve its therapeutic effect on colitis in mice.**

PDVLNSs and Inflammatory Diseases

Edible plant-derived VLNs (eg, grapefruit, tomatoes, blueberries, and shiitake mushrooms) have been reported in the
literature to possess various anti-inflammatory properties.** The specific function of PDVLNS in inflammatory diseases
depends primarily on their internal functional components, including RNA, lipids, proteins, and other metabolites.
PDVLNs whose intrinsic substances exert anti-inflammatory, antiviral, anti-fibrotic, and anti-tumor effects are involved
in the defense response to pathogenic invasion (Figure 2).'° The therapeutic effects of the different substances intrinsic to
PDVLNs on inflammatory diseases will be described in detail below.

Therapeutic Effects of Nucleic Acids in PDVLNSs on Inflammatory Diseases

miRNAs have been detected in most plant extracts, suggesting that edible medicinal plant preparations may deliver
miRNAs to mammals.*’> miRNAs in PDVLNs have also been reported to play a regulatory role in the inflammatory
response. In a study of oral ginger-derived nanoparticles (GDNPs), 27 miRNAs were found to be highly expressed in
GDNPs, and could resist lipopolysaccharide (LPS)-induced inflammation by down-regulating the expression of NF-«B,
IL-6, IL-8, and TNF-a. These findings indicated that nucleic acids in GDNPs have potential for the treatment of
inflammatory diseases.”’ Moreover, in 2018, a research team also studied the new active ingredient of ginger, exosome-
like nanoparticles, and found that microRNAs in ginger exosome-like nanoparticles (GELN) can affect the intestinal flora
and improve the barrier function of the intestine, thereby reducing DSS-induced colitis in mice.?® It has also been found
that ginger-derived ELNs can down-regulate the expression of the pro-inflammatory factors, TNF-a, IL-1p, IL-6, and
promote the expression of the anti-inflammatory factors, IL-10 and IL-12, in a colitis model. Moreover, the microRNAs
of these factors are known to play a major role in the uptake by the intestinal flora of mice, altering the intestinal flora by
regulating the level of mRNA expression of Lactobacillus composition and thus reduce colitis in mice.***’ Ginger-
derived miRNAs of VLNs can be used to treat colitis in mice, as well as inhibit the proliferation of the periodontal
pathogen Porphyromonas gingivalis and treat chronic periodontitis.

The sRNAs in Dandelion decoction also have anti-inflammatory effects. It has been shown that a lipid complex exists
in the human gastrointestinal tract that takes up sSRNA and delivers it to organs and tissues throughout the body. SRNA-6,
a new active ingredient in dandelion decoction-derived ELNs, can be taken up by lipid complexes in the gastrointestinal
tract and exhibits a significant ameliorating effect on polyinosinic acid-induced lung inflammation in mice. This finding

suggests that herbal exosome-like nanoparticles may serve as a representative of precision medicine.*®
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Figure 2 PDVLNs have application for a variety of inflammatory diseases.

Honey, a natural substance derived from plant flowers, has been found to alleviate chronic inflammation and liver
damage in rats fed a high-fat diet. Honey-derived VLNs (H-VLNS) significantly inhibited NLRP3 inflammatory vesicle
activity in primary macrophages, mainly by MIR-4057 in H-VLNS, suggesting that miRNAs of H-VLNS have intrinsic
anti-inflammatory activity.*’

Grapefruit-derived nanovectors (GNV) can efficiently deliver a variety of substances, including drugs, DNA expression
vectors, siRNA and antibodies, without toxicity in mouse model studies. When researchers combined GNV with polyethy-
leneimine (PEI), the combination of the two (PGNV) was effective at delivering miRNA from the nasal cavity to the brain. In
addition, the miR17 carried by GNV could treat brain inflammation-related diseases, such as brain tumors in mice.”°

Bitter melon-derived extracellular vesicles (BMEVs) also have intrinsic anti-inflammatory functions, significantly
reducing NLRP3 expression. BMEV RNA has also been shown to mediate anti-inflammatory bioactivity.”'

Therapeutic Effects of Lipids in PDVLNs on Inflammatory Diseases
Currently, lipids are the preferred carriers for drug delivery and play an important role in PDVLNs. Moreover, several
research teams have identified the therapeutic effects of lipids in PDVLNs on inflammatory diseases.

Grapefruit-derived nanovesicles (GDNs) exert anti-inflammatory effects via their lipids following their successful
uptake by intestinal macrophages, which upregulated the expression of HO-1 and IL-10 and inhibit the production of IL-
6, IL-1p, and TNF-a.** A previous study demonstrated that GDNs could be selectively taken up by intestinal macro-
phages and ameliorate DSS-induced colitis in mice, which could be developed for oral small molecule drugs to reduce
the inflammatory response to human disease.>” It was also found that the lipids in G-ELN are active biomolecules that
can inhibit the activity of NLRP3 inflammatory vesicles, identifying G-ELN as a novel effective drug to inhibit the
composition and activation of NLRP3 inflammatory vesicles.>

It has also been shown that lipid-mediated broccoli-derived nanoparticles (BDN) can be selectively taken up by
dendritic cells and maintain intestinal immune homeostasis, thereby preventing and potentially even being able to treat
intestine-related inflammatory diseases.>*

In addition, studies have shown that ginger-derived exosome-like nanoparticles (GELNs) also have anti-inflammatory
properties. The expression of GELN lipids can be used to treat chronic periodontitis.”> Indeed, it was previously
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demonstrated that GELN inhibited the attachment of Pseudomonas gingivalis to oral epithelial cells, decreased the level
of IL-1p, IL-6, IL-8, and TNF-a expression, as well as reduced the recruitment of macrophages, leukocytes, and CD3
cells in the oral tissue microenvironment. The above findings indicate that GELN can be used as a potential therapeutic
agent for the prevention or treatment of chronic periodontitis.

Other Components of PDVLNs for Inflalmmatory Diseases

There are also many unexplored bioactive molecules in PDVLNSs, which perhaps also have some therapeutic effect on
inflammatory diseases (eg, proteins). PDVLN protein-mediated inflammatory diseases have been poorly studied to date
and should be further elucidated in the future.

PDVLNs Can Be Used as Drug Carriers to Treat Inflammatory Diseases

VLN can be used as therapeutic vectors and targets for the prevention and treatment of inflammatory diseases.’® Among
the new vector systems introduced in recent years, PDVLNs have great potential as drug delivery systems (DDS). Since
PDVLNs are mostly edible and can be used as carriers for delivering specific drugs without toxicity and side effects,
They can cross the blood-brain barrier and enter the brain through nasal administration, but cannot pass from mother to
fetus through the placenta.’” they have become a popular area of research.'”

Compared to existing drug delivery systems, edible plant-derived exosome-like nanoparticles have relatively high
internalization rates, low immunogenicity, a lack of toxicity or side effects, do not cause inflammatory reactions or
necrosis, are gastrointestinally stable, tissue-specific and targeted, can be mass-produced, and are excellent candidates for
drug delivery vehicles.>**° For example, grapefruit-derived ELNs can deliver active substances (eg, chemotherapeutic
agents, RNA, DNA, and proteins) to different types of cells, and intravenous administration of grapefruit-derived ELNs
loaded with folic acid to pregnant mice significantly increased the targeting efficiency of folic acid to folic acid receptor
cells without affecting the fetus through the placental barrier.'®*

Plant exosomes have been found to have drug delivery capabilities targeting the intestinal tract, displaying great potential
for the treatment of intestinal diseases. This plant-derived exosome-targeted delivery system can stably and efficiently load
chemical or nucleic acid drugs and deliver them to sites of intestinal inflammation, thereby reducing inflammation or
inhibiting gene expression (Figure 3).>® This new method of drug delivery has been shown to be effective for the treatment
of intestinal inflammation.® When faced with inflammatory bowel disease, drug-targeting systems using plant-derived
exosomes as carriers can offer a new therapeutic approach for the targeted delivery of inflammatory drugs.®®

In studies of edible ginger-derived nanoparticles (GDNVs) against inflammatory bowel disease and colon associated
cancers, a novel, natural, non-toxic delivery system was shown to target inflammation in the intestinal mucosa and block
destructive factors while promoting healing.® It was additionally observed that nanoparticles made from ginger-derived lipids
can be used as a delivery platform for the therapeutic drug, doxorubicin, with good biocompatibility. This finding indicates that
GDNV is a better delivery vehicle than commercially available drugs.*” Another study showed that ginger-derived exosome-
like nanoparticles can be efficiently loaded with doxorubicin and have better pH-dependent drug release properties compared

Figure 3 PDVLNs can repair inflammation induced by bacteria and viruses. Legend (A) shows bacterial and viral invasion of cells, Legend (B) shows PDVLNSs effecting on
the cell surface, and Legend (C) shows anti-inflammatory repair after PDVLNs effecting on the cell surface.
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to commercially available doxorubicin liposomes, targeting colon cancer cells, and significantly improving the antitumor

efficiency of chemotherapeutic drugs.*”**

Conclusion

Inflammation is a fundamental pathological process and a defensive response to external infections. Each year, countless
patients suffer from inflammatory diseases. Therefore, the treatment of inflammatory diseases currently represents an area
of keen research interest in the medical field. Although many drugs have been developed for the treatment of
inflammatory diseases, their targeted therapeutic effects still need to be further enhanced, and PDVLNs can deliver
drugs to the site of inflammation to achieve precise therapeutic effects due to their unique targeting properties. Therefore,
PDVLNs for inflammatory diseases have become a major research topic, opening up a new field for the study of
therapeutic drugs for inflammatory diseases. However, there is currently no standardized procedure for the isolation and
purification of PDVLNs, which may lead to slight differences in their anti-inflammatory efficacy It is believed that with
the passage of time and the progress of research, the continuous improvement of the quality evaluation system of
PDVLNs will promote the progress of research on plant-derived extracellular vesicles in inflammatory diseases. The
above studies suggest that PDVLNs exert anti-inflammatory effects through their intrinsic active substances, suggesting
that studying the bioactive components of PDVLNs can provide some insight into the treatment of inflammatory diseases
with PDVLNSs. The intrinsic bioactive components of PDVLNs can be used to load drugs into PDVLNs, which may pose
a risk of interaction between intrinsic bioactive components and exogenous drugs. Therefore, extensive and in-depth
studies are still needed for the loading of drugs into PDVLNs without any potential interactions. Although the quality
evaluation system of PDVLNSs is not perfect, it is believed that their own targeting and bioactivity can bring progress in
the treatment of inflammatory diseases, and their specific mechanism of action may be the focus of future research.
Although there is still a long way to go in terms of the clinical application of PDVLNSs for inflammatory diseases, it is
believed that with the continuous in-depth research and enthusiasm of researchers, the clinical application of PDVLNs
will be adapted in the near future.
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