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Introduction: The beginning of exosome biosynthesis is marked by the emergence
of the initial endosomes through the inward splitting of the plasma cell membrane.
This process is facilitated through the endosomal categorization complex essential for
transport, which is also involved in the production of different extracellular vesicles.
Exosomes are naturally occurring nanosized vesicles found in all bodily fluids and can
be successfully extracted from preserved biological materials, while maintaining their
structural integrity.

Methods: The articles published recently in high-quality journals (Science Direct,
Springer, Institute of Electrical and Electronics Engineers (IEEE), and Taylor & Francis)
indexed in various indexing sources such as Scopus, Web of Science, PubMed, Google
Scholar, and so on were collected using keywords such as fluid biopsy (FB) exosomes,
endosomes, and noncommunicable diseases (NCDs) treatment, new biomarkers, and
treatment.

Discussion: In recent years, exosomes have emerged as an exciting option for “FB”
that has demonstrated significant potential in the areas of noninvasive medical testing,
predictions, as well as tracking responses to therapy for noncommunicable diseases.
Nevertheless, specific constraints need to be addressed to expand the application of
exosome-based FB as a widely accepted and reliable testing method in typical medical
facilities.

Conclusion: This review provides a comprehensive overview of our present under-
standing of exosomes to be an FB method for diagnosing, predicting outcomes,
and tracking treatment responses in NCDs. It also discusses the main constraints,
innovations in technology, as well as future possibilities of using this application in
medical treatment.
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The shift from tissue-based traditional investigations to fluid biopsy (FB) has transformed diagnostic
investigations since they are painless, quick, noninvasive, and can be carried out regularly under definite
situations, revealing the ‘real-time’ molecular outline with the fluid activity of an illness. Investigators
suggested their importance as biochemical indicators, and the medical scientific profession noticed an
alternative for a solid biopsy in the type of circulatory cell-free deoxyribonucleic acid (ccfDNA), as well
as circulating tumor cells (CTCs) which were referred to as fluid biopsies [1]. FB has an important benefit
over usual tissue biopsy, as it can be less painful for patients and offers significantly, additional, detailed
analytical and prognostic data regarding the medical condition before and after therapy. It facilitates
sampling for diseases in an extremely easy intrusive or noninvasive manner, reducing the hazards related
to using tissues in the sampling procedure while providing continuous monitoring of disease progression
as well as therapy effectiveness. Different conventional biopsies and FB techniques can be carried out
safely even in severe medical situations. At this point, most of the frequently employed FB methods have
employed circulatory cell-free Ribonucleic acid (ccfRNA) and CTCs. Nonetheless, the absence of surface
markers as well as a lack of suitable cell-free DNA constitutes two limitations that render those molecules
less useful than FB approaches. Medical researchers are currently concentrating on the increasing
significance of ‘exosomes’ in medicinal uses [2]. Exosomes are lipid bilayer vesicles endosomal membrane
origination with dimensions that vary from 40 to 150 nm, produced by about all cell sorts in the body’s
structure, and are found throughout each cell’s fluid. These consist of voluntarily generated vesicles that
are usually classified as a split of intraluminal vesicles that discharge while multivesicular bodies merge
in the plasma membrane interior. Initially, exosomes were believed to eliminate debris from tissues, this
notion was reported by several recent investigations [3] which demonstrates further that exosomes serve
an important role in intracellular waste elimination and homeostasis. In addition, exosomes serve as an
important part in waste management by facilitating cell interaction and activating significant biological
reactions in distant cells. Exosomes are associated with a wide range of cellular physiological functions,
including immune regulation. Researchers anticipated the deliberate application of exosomes in medical
research, taking into consideration both their distinctive features and inherent capabilities [4]. Exosome
investigation has led to major progress, offering novel possibilities for identification and treatment of a
wide range of fatal illnesses [5]. Researchers are presently looking for many different uses for exosomes
in health therapies, including specific drug delivery as well as customized substances. While biomarker
discovery represents the most extensively investigated, related to exosomes so far. Exosomes, containing
molecular properties of their parenting cells, offer sufficient and accurate data concerning the parent cell
[6, 7]. Moreover, since they are regularly generated, they might be the most reliable tool for real-time
illness detection, besides assessing reaction to the efficacy of treatment as well as relapse. Exosomes’
common and noninvasive character has facilitated their use in usual medical evaluations as well as

response monitoring, making them a perfect choice for FB. Recently, the Minimal Information for Studies
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of Extracellular Vesicles 2018 (MISEV2018) guidelines encouraged the utilization of prepared phrases like
small extracellular vesicles as a substitute for ‘exosomes’ except its vesicle source can be determined
[8]. This review offers the most current comprehension of the uses, boundaries, and exosome-based
FB technological advancement in medical evaluation, prognostication, as well as therapeutic reaction
monitoring in noncommunicable diseases (NCDs) conditions, along with possible future applications of

exosome-based FB processes for medication.

In reviewing NCDs, diagnosis, prediction, and treatment analysis, we looked at the number of publications
accessible through various platforms like Science Direct, Springer, Taylor & Francis, and |IEEE, as illustrated
in Figure 1. From 2018 to 2023, search queries focused on selective keywords, including FB exosomes,
endosomes, noncommunicable disease treatment, new biomarkers, treatment, prognosis, and diagnosis.
Each platform produced a variety of articles, such as research articles, review articles, book chapters, and
conference papers. The query returned 10,502 articles from different platforms, of which 124 were relevant
to the objectives of our research. We chose 60 publications from among them for this review. Figure
1 shows an overview of the investigation’s selection method. In reviewing noncommunicable disease
treatment analysis, we examined the number of publications accessible through various platforms, like

Science Direct, Springer, Taylor & Francis, and |IEEE, shown in Figure 2.

341. Exosome-based FB in Noncommunicable Diseases

The demand for a developed, extremely quick, and reproducible diagnostics method has prompted
investigators to consider exosomes as an improved option for usage in FB. The FB approach depends
on the biological origin of biologically active compounds, such as protein, deoxyribonucleic acid (DNA),
ribonucleic acid (RNA), and biomarkers that are necessary for disease evaluation and therapy. Exosomes
have distinctive characteristics that make them ideal for use in FBs, outperforming alternatives such as
CTC, cfDNA, and cfRNA. Exosomes are prevalent and continually generated and aggregated in bodily
fluids, making them more prevalent compared to ctcDNAs and cfDNAs. Thus, exosomes serve a significant
role in expressing greater intratumor diversity over CTCs in instances where a small number of CTCs are

discharged, such as brain tumors.
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Figure 1: The number of articles related to non-communicable disease diagnosis and treatment were selected from various
scientific publishing platforms. (a) Science Direct (b) Springer (c) Taylor & Francis (d) IEEE.
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Figure 2: Summary of study selection.

3.2. Diagnosis

Increasing investigations on exosome-related identification as well as assessment of the development of
NCDs (diabetes, heart disease, chronic respiratory disease, and cancer) have been presented in exten-
sive publications in this area. Exosomal protein molecules were recently discovered to be diagnostic
biomarkers in a variety of cancers, such as colorectal cancer (CPNE3 and glypican-1), ovarian carcinomas
(phosphatidylserine), renal cell carcinoma, lung cancer (tetraspanin 8, CD151, and CD171), pancreatic
cancer (glypican-1), breast cancer (CD82), as well as cholangiocarcinoma. Barrachina et al., found 6
exosomal proteins (platelet glycoprotein Ib alpha chain, apolipoprotein C-lll, apolipoprotein D, com-
plement Clg subcomponent subunit A, complement C5, and platelet basic protein) as biomarkers for
the prompt identification of cardiac infarction [9]. Furthermore, exosomal proteins are linked to early
detection of pregnancy problems like intrauterine growth restriction and congenital obstructive nephropa-
thy. Researchers discovered hemopexin and exosomal Tetraspanin-1 in urine from recipients of kidney
transplants as effective biomarkers in the preliminary identification of acute rejection. A proteomics study
on urinal exosomes in diabetic renal failure patients revealed a collection of 3 proteins (VDAC1, MLL3,
and AMBP) that could be used to diagnose and monitor the progression of the disease. Exosomal DNA
also possesses great promise for diagnosis of a variety of diseases. Several studies provided insight
on the function of miRNAs as diagnosing markers. Plasma-based exosomal miRNA has recently been
studied as an alternative screening biomarker for a variety of malignancies, such as epithelial ovarian,
gall bladder carcinoma, non-small cell lung cancer (NSCLC), cholangiocarcinoma, bladder cancer, as
well as breast cancer. Bejleri et al., discovered that serum-based brain-specific miR-124 along with miR-
9 could play a predictive function in the identification along with evaluation of injury in acute strokes
caused by ischemic stroke [10]. Likewise, urinary exosome (miR-146a) was identified as an intriguing
marker for investigating early kidney damage in hypertension. Exosomal miRNAs are additionally used to
diagnose pregnant conditions such as pre-eclampsia, hypertension, and congenital obstructive nephritis.
Exo-miRNAs may also have an essential function in assessing acute rejection following renal and cardiac

transplantation. A few investigations also point to the probable function of serum-based exosomal miRNAs
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in the identification of eye disorders such as age-associated metastatic uveal malignancies and macular
degeneration. A few investigations have shown that, in addition to miRNAs, the long noncoding RNAs
may be useful for prognosis. Wu et al., discovered that the long noncoding RNA could be used as a
bloodstream biomarker for Alzheimer’s disorder [11]. Exosomal genetic material, like RNAs, has emerged
as a desirable target for cancer screening. Following the finding that exosomes possess exosome-based
FB and double-stranded DNA, has emerged as a substitute for traditional mutation-based diagnostic
techniques, relying on abnormal cellular DNA for identification. Finding the Kristen Rat Sarcoma (KRAS)
abnormality in exosomal DNA could function as a useful diagnostic biomarker for pancreatic cancer in
its early stages. Earlier and accurate diagnoses can decrease cancer victim death while also increasing
the recovery rates. Table 1 lists contemporary clinical investigations on exosomes as markers for different

illnesses, their origin, and functional purposes.

Table 1: Selective studies reported about the FBs tool-based exosomal biomarkers for NCDs diagnosis.

NCDs FB sample Biomarkers NCDs Reference
Plasma IncRNA BACET-AS Alzheimer’s disease [28]
Serum miR-885-5p, miR-486-5p, and miR-626 Age-related macular degeneration (AMD) [29]
Plasma and serum Exo-protein CD82, miR-21, and miR-1246 Breast cancer [30]
Urine Exo-miRNAs Bladder cancer [31]
Plasma and serum Exosomal CPNE3 and IncRNA Colorectal cancer [32]
Serum Exo-proteins Cholangiocarcinoma [33]
Urine Exo-proteins Diabetic nephropathy [34]
Plasma miR-210 Pregnancy hypertension [35]
Urine Tetraspanin-1, exo-miRNAs, and Kidney transplantation [36]
Hemopexin
Urine Exosome miR-146a Albuminuria and renal injury [37]
Plasma Exo-proteins Myocardial infarction [38]
Plasma miR-486-2-5p, and miR-486-1-5p Pre-eclampsia [39]
Serum miR-142-3P Heart disease [40]
Urine Exosome gene expression assay Prostate cancer [41]
Plasma Exo-proteins, exo-miRNA, and EGFR Lung cancer [21]

T790M

3.3. Prognosis

In recent times, many exosomal proteins have been studied as possible prognostic biomarkers for
malignancy along with other NCDs. Pancreatic duct adenocarcinoma exosomes with elevated levels
of the migrating inhibiting factor (MIF) suggest the emergence of pancreatic ductal adenocarcinoma
(PDAC) hepatic metastases. Tumor-derived exosomes were identified as a critical biomarker source for
improved prognosis as well as progression of disease evaluation because they can be easily extracted

from bodily fluids such as saliva, blood, as well as urine. Table 2 shows a few recently discovered exosomal
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Table 2: Selective studies reported about the FBs tool-based exosomal biomarkers for NCDs prognosis.

NCDs FB sample Biomarkers NCDs Reference

Plasma Exo-proteins Alzheimer’s disease [42]

Serum miR-222 Breast cancer [43]

Saliva Exosomal chimeric GOLM1-NAA35 RNA Esophageal carcinoma [44]

Serum/plasma miR-548c-5p, miR-19a, miR-141-3p, miR-92a-3p, Colorectal cancer [21]
miR-375, and miR-17-5p

Plasma Exo-proteins ficolin 3 Abdominal aortic aneurysm [45]

Serum Exo-proteins Heart [46]

Serum Exo-proteins Parkinson’s disease [47]

Plasma PLAP and CD63 Gestational diabetes mellitus [48]

Serum Exo-miRNA Multiple sclerosis [49]

Serum FL-1 exo-RNAs Lung cancer [50]

Serum S100B, miRNA-125b and MIA Melanoma [51]

Plasma Exo-proteins Ovarian cancer [52, 53]

Saliva Exosomal chimeric GOLM1-NAA35 RNA Esophageal carcinoma [44, 54, 55]

Urine ITGB1 and ITGA3 Prostate cancer [53, 56, 57]

Plasma Exosomal SOCS2-AS1 Coronary artery disease [54, 58, 59]

biomarkers of prognosis consisting of KRAS protein, CD133, programmed death ligand 1 (PD-L1), and c-
MET93, for pancreas malignancy (miR-548c-5p: miR-miR-375 and 141-3p), colon cancer (miR-19a: miR-17-5p
and miR-92a-3p); miR for breast cancer, lung cancer (FL-11 exo-RNAs99); head and neck cancer (PD-L1),
and so on. Exosome-based biomarkers are being extensively studied in illnesses besides malignancy,
such as neurological conditions, pregnancy illnesses, as well as heart disease. Blood exosomes created
by neurons have been identified as having substantial proteins related to several neurological disorders,
such as Alzheimer’s, Prion, and Parkinson’s disorders. A research team discovered that the quantity
of neuron-based exosomal proteins like ubiquitinylated proteins, cathepsin D, heat shock protein (HSP
70), and lysosome-associated membrane protein- 1, have changed among people, years before the first
signs of Alzheimer’s syndrome. Likewise, Abdel-Haq found that the ratio of P-pan-tyrosine-IRS-1 and P-
serine312-IRS-1 in bloodstream exosomes produced by neural cells might have predicted the first signs
of Alzheimer’s disorder in individuals with Type-Il diabetes, up to 10 years before the illness manifested
[12]. The miRNA biomarkers and exosomal proteins for predicting certain heart conditions, including
myocardial infarction (Ml) and heart failure, were also studied. Plasma ficolin-3 quantities are being linked
to the existence and progress of an abdominal aortic aneurysm (AAA), indicating that it might serve as
an AAA biomarker. The efficacy of exosomes in anticipating and screening for maternal diseases has
additionally been verified. Maternal circulation exosomal miRNAs, especially PDEs, are being shown to
serve as important biomarkers for the prompt identification of gestational diabetes during pregnancy and
premature delivery. The reduction in quantities of certain inhibitory synaptic molecules observed in plasma

neuron-based exosomes has been suggested to function as a marker for mental loss, indicating the
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development of Alzheimer’s syndrome even 10 years before clinical presentation. Another team reported
in 2019 recommended the development of Parkinson’s disorder has been linked with changes in exosomal
proteins that could potentially be used as biomarkers for evaluating the progression of the disease [13].
A further investigation indicated that exosomal miRNAs could serve as markers for schizophrenia and
differentiate between the illness’s different progression forms [14]. The miRNA and exosomal protein
studies can also help predict and evaluate heart transplant rejection [15]. Burrello et al., established a
combined kidney exosome evaluation technique that can identify the likelihood of transplanted kidney
rejections by evaluating the exosome pattern obtained from individuals’ urine samples [16]. Table 2
lists major clinical investigations that have identified biomarkers for prognosis as well as progression of

the disease.

3.4. Monitoring the Treatment Response

Several plasma-based (exosomal) proteins along with RNA biomarkers (miR-222-3p, miR-21, exosomal
SART1 peptide, PD-L1, miR-29a-3p, exo-RNAs, and exosomal EGFR) were discovered for the evaluation of
response to treatment in various malignancies investigations, such as lymphoma, lung cancer, colorectal
cancer, lung adenocarcinoma, melanoma, NSCLC, and esophageal cancer. Aside from being utilized
in cancer therapeutic tracking, exosomes have been effective in assessing responses to treatment for
various illnesses, such as cardiovascular as well as neurological conditions, and are more suitable for
assessing graft rejection following transplantation of organs. A further investigation proposed that tiny
extracellular vesicles might be employed to observe negative reactions in people receiving surgical
cardiac valve replacement. Table 3 lists clinical scenarios and trials that used exosomes as possible

biomarkers for evaluating response to treatment.

Table 3: Selective studies reported about the FBs tool-based exosomal biomarkers for NCDs treatment (clinical trials) and
monitoring the response.

NCDs FB sample Biomarkers NCDs Reference
Plasma Exosomal SART1 peptide Esophageal cancer [54, 60]
Serum Exosomes Aortic valve replacement [55]
Plasma PD-L1 Melanoma [56]
Plasma miR-29a-3p Colorectal cancer [57]
Serum miR-451 Lymphoma [21]
Plasma Exo-RNA Lung cancer [57]

3.5. Exosome-based FB Limitations

The sudden rise in the function of exosomes in therapeutic uses has brought focus to the establishment

of fast and substantial volume methods to perform the biophysical as well as biological characterization of
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exosomes [17]. The investigation of a biofluid-derived unique exosome that retains its biological function is
difficult and necessitates more thorough research in this area. Some of the challenges that are preventing

exosomal use in FBs are highlighted below.

3.6. Clinical Reproducibility

A further obstacle while using exosomes for FB is clinical confirmation and comparability with different
biomarker systems. The diverse composition of exosomes, which originate from cells with varying traits,
makes it challenging to validate their dosage and effectiveness [18]. As a result, sharing information
between different studies as well as clinical trials becomes more difficult. The effectiveness and quantity
of exosomes will be evaluated and standardized, making it easier to evaluate findings across examinations.
Exosome immunity, stability, and safety must be assessed at every processing stage before they can be

used in clinical trials [19].

3.7. Exosome-based FB-technical Advances

The increased use of exosomes in medical studies necessitates efforts to address all related constraints.
Exosomal scientific investigation has made considerable progress in recent years, with the introduction of
many extremely modern methods for exosome separation, analysis, and quantification [17]. The growing
field of exosomes necessitates a computerized, quick, and accessible technique that is effective for
future downstream uses. Furthermore, MISEV 2018 standards completely suggested I). to determine the
quantitative indicators of origin material together with the measurement of extracellular vesicles (EVs); Il).
To characterize the EVs to provide assurance they contain plentiful EVs; lll). To identify the existence of
related elements [20], such as positive marker; and V). To identify the existence of non-vesicle elements,
that is, negative biomarker for every prior analysis. As a result, some new extraction techniques and
mixtures of approaches were employed in current clinical trials to increase exosome production, pureness,
and feasibility for downstream uses, including the Vn96-peptide-based approach, the anion-exchange
technique, the exosome entire isolation chip, different microfluidic platforms, as well as the integration
of sized exclusion chromatography as well as the process of ultrafiltration [21]. Upon isolating exosomes,
description is an important step in determining their quantity and quality, particularly since they are to be
employed in medical procedures including FBs and treatments. Exosome categorization ensures that the
specific biomarker and treatment benefit corresponds to exosomes alone, rather than anything else like

cell debris and other substances recovered with such exosomes [22].
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3.8. The Marketing of Exosome-based Technologies and Commodities

Recently, exosome-based technology has seen a surge in commercial success. Acknowledging the
possibilities of exosomes in diagnosing ilinesses and treatments, an increasing variety of business entities
have appeared and have begun to make investments in the creation and commercialization of exosome-
based therapeutics [23]. They are biotechnological enterprises that create and market exosome-based
approaches as well as goods. Exosomes employed in medical treatments are classified as medicines
and biological materials in the Federal Food Drug and Cosmetic Act, and Public Health Service Act
they need approval from the FDA in the ‘Publicity Safety Notice’ issued on December 6, 2019 [24]. In
April 2018, the Aegle Therapeutics Corp became the initial company to obtain FDA permission to start
clinical trials in patients with burns using an exosome-based product [25]. Several companies (Exosome
Dx, IntelliScore, Avalon GloboCare Corp., Aegle Therapeutics Corp., Codiak Biosciences, and so on)
are creating exosome-based diagnosing as well as treatment platforms for future use in clinical trials
[26]. An ExoDx Prostate EPI testing serves as an exosome-based prostate cancer screening test created
by exosome diagnostics, which is nhow owned by Bio-Techne [27]. Another biomarker-based diagnostic
created through this company is an exosome-based screening for EGFR T790M in NSCLC instances, which
minimizes redundant tumor biopsies while being accurate and precise than conventional cfDNA-based

tumor biopsies. Codiak Biosciences produced ExoSTING™ as well as exolL™

, modified exosomes for
medical treatment. Avalon GloboCare Corp., working together with GenExosome Techniques, additionally
created diagnostic methods for identifying the saliva-related (miR-185) exosome miRNA biomarkers and

to identify human angiogenesis exosomes.

FB has gained popularity as a noninvasive, rapid, and repeatable technique in medical settings, with an
average yearly increase of approximately 19% between 2021 and 2032. Exosomes have shown promise
as innovative biomarkers in FB, offering new avenues for early detection, prognosis, treatment monitoring,
and NCD development. However, the application of exosome-based FB in medical facilities remains in
its early stages and is not widely accepted for diagnosing various diseases, particularly cancer. Current
methods for isolating and analyzing exosomes have limited sensitivity due to the variation between
exosome subgroups. Moreover, collaborative efforts are needed to develop affordable techniques, with
high levels of specificity, sensitivity, and purification for exosome identification and molecular content

detection.
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