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Abstract

Exosomes are extracellular vesicles (30—200 nm) that come out of every cell. They include
micro-vesicles and apoptotic bodies, and they are very important for communication between
cells, epigenetic regulation, and sending messages close (paracrine function) or far away
(endocrine function). Exosome era targets and promotes therapeutic and research approaches,
from early laboratory or imagery biomarkers to monitoring of prognosis, even though they
have not received the green light from the FDA (Food and Drug Administration).

Aim. Highlighting the characteristics and the windows that are opened by recent
investigations of exosomes in many fields of medicine, diagnosis, laboratory biomarkers,
preventive medicine, drug therapies, drug delivery, and cosmetics, including diagnosis and
treatment of cancer.

Material and Methods. Recently, articles using words such as exosome, biogenesis,
function, and structure, and phrases such as exosome and cancer, exosome and influencing
factors”, exosome in physiological condition, exosome and diseases, and artificial exosome

Results and Conclusions. Exosomes, as a "mirror of intracellular and membrane life" and
"intracellular dynamics,” show very early the status of a healthy or disease process happening
in the organelles of cells, its "natural and social microenvironment,” and are therefore a
useful tool” for a new, efficient synergy of evidence-based medicine with personalized
medicine, where the focus is not only on the disease but also on improving health status,
aesthetics, anti-ageing, and lifespan.
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EKZOZOMET - NJE DRITARE E RE SHENDETI NGA SEMUNDJET, TRAJTIMI,
DIAGNOZA, ESTETIKA DHE JETEGJATESIA

Abstrakt

Eksozomet jané fshikéza ekstragelizore, t¢ madhésisé 30-200 nm, gé dalin nga ¢do gelizé, ku
pérfshihen gjithashtu mikrofshikézat dhe trupat apoptotiké, té réndésishme pér komunikimin
ndérgelizor, rregullimin epigjenetik dhe pércjelljen afér (funksioni parakrin) dhe né distancé
(funksioni endokrin) té mesazheve biologjike, si né kushte normale edhe patologjike. “Era” e
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eksozomeve synon dhe promovon shumé terapi dhe gasje hulumtuese nga kapja e hershme
laboratorike ose imazherike, deri tek monitorimi prognostik, edhe pse nuk ka ende pér to njé
drité jeshile miratimi nga FDA.

Qéllimi: Theksimi i karakteristikave té eksozomeve dhe dritareve gé hapen nga njohja e
thellé dhe e duhur e tyre né fushén mjekésore, diagnostikuese, monitoruese, trajtuese, klinike,
laboratorike, eksperimentale, farmaceutike, preventive, referuar studimeve mé té fundit té
literaturés.

Materiali dhe Metoda: Jane studiuar artikujt mé té fundit duke pérdorur fjalét “exosome,”
“biogenesis,”function,” “structure” si edhe tog-fjaléshat : “exosome and cancer”, “exosome
and influencing factors”, “exosome in physiological condition”, “exosome and diseases”,
“artificial exosome”

Rezultate dhe Pérfundime: Eksozomet “si pasqyré e jetés qelizore” dhe “dinamizmit
ndérqgelizor” tregojné shumé herét statusin e qelizs€ s€ shéndoshé apo t€ sémuré,
“mikromjedisit nayral dhe social t€ saj”, pér rrjedhojé jané instrument i dobishém pér njé hop
té ri, njé ndérthurje sa mé efikase té “evidenced based medicine” me mjekésiné e
personalizuar, ku fokusi éshté jo vetém sémundja, por edhe pérmirésimi i statusit
shéndetésor, estetik parandalimi i plakjes dhe jetégjatésia.

Fjalé ky¢. exozome, oncozome, nanoterapi, shenjues té hershém

Introduction

The term exosome belongs to the beginning of the 1980s, although researched years earlier.
Trams in 1981 was the first that used this term for extracellular vesicles, to which he
attributed physiological and cellular elimination mechanisms (1). Meanwhile, in 1983, Pan
and Johnstone observed the removal of transferrin receptors from reticulocytes, precisely
through these extracellular vesicles (2, 3). These extracellular vesicles have a lipid
membrane with transmembrane protein structures that, in addition to their structural role, play
the role of receptors and messengers (1, 2, 4). Exosomes are formed and placed in
homeostatic equilibrium as a result of the synergy between several biochemical pathways,
such as the secretory, endocytic, recycling, retrograde, anterograde, and exosome release
pathways (2, 5). Exocytosis begins with the activation of the endocytic pathway through two
possible ways, well known as the clathrin-dependent pathway or the clathrin-independent
pathway (6). Important actors of the exosomal substrate and their fate are also lysosomes, as
well as the Golgi apparatus, in concert with the cell membrane that invaginates and ensures
the exosomal lipid membrane (7,8).

Rab-5 and GTPases, with a pH presence of 6.5 and phosphatidylinositol, are the key
regulators of the formation of what are called early endosomes (3). Rab7 and GTPases
contribute to the formation of exosomes in the presence of a pH of 5.5. Also, Rab5-Rab7
actively maintain the biogenesis of endosomes (2,3). As F-actin forms near early endosomes
with the help of annexins A2, moesin, and cortactin, the Arp2/3 complex moves on to the
next step in making exosomes, which is the formation of mature multivesicular bodies. In this
process, lysosomal hydrolases and SNARE proteins also contribute (2, 3). Certainly, this
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process cannot be realised without the presence of the ESCRT sorting complex, the elements
of which act sequentially. Meanwhile, without the presence of the ESCRT complex, the
pathways of their formation, primarily involving ceramides and tetraspanins, also describe
themselves (3). On the other hand, membrane fusion enables the formation of endo-
lysosomes, which allows functional and structural interaction and the contribution of
lysosomes in the further pathway of exosome formation, but also in the formation of what are
called endosome-related organelles such as melanosomes into pigmented cells, alpha dense
granules into platelets, Prader-Willi bodies into endothelial cells, or the formation of
specialised lysosomes like melanocytes (3,4). The endosome-lysosome pathway can be
affected by some genetic pathologies such as Chediak-Higashi and Hermansky-Pudlak (3,4).
Anterograde and retrograde transport involve dynamic interaction with the Golgi apparatus
and late endosomes (multivesicular bodies) (3,4). The aim of our study is highlighting the
characteristics and the windows that are open by recent investigation of exosomes in many
fields of medicine, diagnosis, laboratory biomarkers, preventive medicine, drug therapies,
drug delivery, and cosmetics, including diagnosis and treatment of cancer.

Materials and methods

This is a narrative review, with updating purpose, referred recent literature of international
prestigious journals, using title of articles that include words such as exosome, biogenesis,
function, and structure, and phrases such as exosome and cancer, exosome and influencing
factors”, exosome in physiological condition, exosome and diseases, and artificial exosome.

Main including criteria:

1. Article published during two recent years, 2023 and 2024 in prestigious journals and
prestigious platforms, such as Frontier Medicine, Elsevier, PubMed 2. Only one reference
belongs to 2019 because it is a PhD thesis and include clear surprisingly useful scientific
information about exosome.

2. We selected firstly articles that explain terminology of exosome, published in these
prestigious journals.

3. Avrticle that realize clarification of relation structure-function and dynamism or “versions
of life” of exosome. 4. Article that explain role of exosome in health and disease, and field of
dermatology 5. Owing to the aim of this article and title we investigate articles that explain
role of exosomes in diagnosis, therapy and lifespan. Asking question if exosome have other
attributes we saw their role in contemporary medicine aspects such are attributes of early
biomarkers, new drugs or route for therapy. Following this point of view, promptly derive
logical questions: Are exosome FDA approved and which is trend of expenses to realize that
exosome are really an hot spot and new window of medicine or just only an illusion or just
still far from the applied stage?

Excluding criteria:

1. Article before 2023, respecting update purpose
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2. At about 100 articles are studied but are excluded because were before 2023, or part of
other fields of studies in medicine or our highlighted focus.

Results

Terminology. The size of exosomes, exosome-linked vesicles, and artificial exosomes.
Exosomes, from their inception until their incorporation into the target cell, are found with
the status of exosomes 30-200 nm, vesicles with sizes of 200-1000, and apoptotic bodies with
sizes of 1000-5000 (1- 5). In contrast, ectosomes, unlike exosomes, are vesicles 100-1000
nm in size that exit directly into the extracellular environment, without intracellular
interactions, and therefore structurally do not interact and exchange with the Golgi apparatus,
lysosomes, or the intracellular environment, having a different structural composition (1-5).

Amphisomes are hybrid organelles resulting from the fusion of autophagosomes with late
exosomes at the intracellular level (2, 9-11, 13). Exosomes derived from cancer cells are
larger, over 1000-10000 nm, and are called oncosomes (5, 10, 12, 13).

Migrasomes are a variant of exosomes with sizes of 500-3000 nm, with a maximum presence
of about 400 min, mainly consisting of structural proteins, RNA, organelles, and a number of
smaller vesicles. The formation of migrasomes is influenced by the phosphatidylinositol (3,4)
bisphosphate-Rab 35 pathway, as well as by pH and temperature, but also, like exosomes, by
some viruses and drugs. The formation, rupture, and release of migrasomes (migracytosis)
remain to be studied (10, 11).

Exomers are smaller than 50 nm, and supermers are smaller than 30 nm, and the way they are
formed is unknown (10, 11). Artificial exosomes (synthetic nanoparticles) have also become
part of the industrial market of exosomes and have seen rapid development in recent decades.
These include liposomes, micelles, dendrimers, nanocapsules, nanoemulsions,
nanodiamonds, nanosponges, and self-assembled peptides, studied especially for targeted
cancer therapy (13- 15).

Actors of exosomes are responsible for completing the structural "puzzle.”

Action scenes and the exosomal actors' pathways are the intracellular environment, the
extracellular environment, biological fluids (blood, urine, plasma, saliva, cerebrospinal fluid),
tumour microenvironment, healthy cells of the body, and cells under pathological conditions,
including cancer cells (27, 28, 9, 13-15). So, if we look at exosomes through an electronic
microscope, we can see that they are made up of plasma membrane components from the
ones that come from inside cells, the Golgi apparatus, and lysosomes, which form vesicles
like early and late endosomes (2,3). Also, plasma components anchored to the surface of
exosomes are part of their structure and can either speed up or slow down the delivery of
their message to the target cell. Therefore, the composition of exosomes depends on the
nature of the cell components (membrane, lysosomes, Golgi apparatus) from which they
originate, as well as the modulation they undergo during the transition through all stages,
from biogenesis to the target cell (host) with extracellular components, as well as plasma
components (3, 17, 18). Cells that produce exosomes at the highest rate are cancer cells,
called oncosomes (2, 9,18). Among non-cancerous cells are platelets, dendritic cells, T
lymphocytes, and B lymphocytes. The rate of exosome production is also studied under
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experimental conditions, with cell lines aimed at applying exosome-producing "machines” as
therapies, from cancer to cosmetic goals (10, 14).

e Main components of exosomes

RNA, DNA fragments, tetraspanins, annexins, protein biomarkers, transcription factors,
metabolites, and different miRNAs make up most of exosomes. Exosomes have heat shock
proteins, antigen-presenting proteins, glycoproteins, adhesion molecules, cytoskeletal
proteins, ESCRT (endosomal sorting complex required transport), growth factors, and
cytokines (2,5). Exosomes also have lipid structures such as cholesterol, phosphatidic acid,
ceramide, sphingomyelin, phosphatidylinositol, phosphatidylserine, phosphatidylcholine,
phosphatidylethanolamine, and gangliosides. Mitochondria can also be found in exosomes (2,
3).

e Some factors influence the rate of exosome production.
Exosomal and endosomal factors

The promotion of exosome production and their arrival in the target cell is multifactorial.
Factors are biological, biochemical, intracellular, or extracellular; natural or unnatural (in
experimental artificial conditions) (2,3). A lot of people talk about how important it is for
exosome production (initiation) and modulation that contact is blocked, Rab homeostasis, or
Ral, especially Rab 27A and Rab 27B, or the dynamic balance between Rab 27 and Rab 7.
What makes up exosomes determines whether early endosomes are taken over by lysosomes
or move on to become exosomes (2,3). The rate of glycosylation (N-linked glycosylation),
the degree of interaction with the Golgi apparatus, and oligomerisation condition the
production of exosomes in the respective cell and their transport to the target cells. Therefore,
syndecan, heparan sulphates, proteoglycans, and cytoplasmic adaptors such as syntenin play
the role of mediators in the biogenesis of exosomes (2,3). Complex lipids such as ceramides,
phosphatidylserine, phosphatidylethanolamine, and phosphatidic acid promote exosome
production, and through their structural addition or subtraction, exosome homeostasis is also
modulated (2,3, 12).

Cholesterol is also an important lipid in the rate of exosome production. Endogenous
vesicles play a significant role in the potential exosome production pathway. If they are rich
in cholesterol, they enter the exosome production pathway, and if they are poor in
cholesterol, they are sequestered by lysosomes (15, 16). Cellular stress, hypoxia,
inflammation, and hypoglycemia condition the protein composition and RNA components of
eX0S0mes.

Extracellular factors influencing the degree of exosome expression

pH, or Ca++. ionophores, hypoxia, hormonal modulation (it is now accepted that hormones
can also be transmitted through exosomes), circadian rhythm hormones, and temperatures are
external factors influencing the inhibition or continuation of exosome production (2,3, 17).
Important studied hormones that give impact in exosome production are cortisol, while
oestradiol stimulates specific miRNA exosomes in breast cancer, and as a synergistic partner,
exosomes have circadian rhythm hormones such as melatonin (8, 13).
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Discussion

There is still a lot of potential for exosomes and a significant amount of work to be done in
order to find as many applications as possible. Nevertheless, it is worth highlighting some
modern approaches to them.

e Exosomes, Dermatology, and Longevity

One of the clinical areas that has turned attention to exosomes is dermatology, especially
aesthetic dermatology, which is already an important part of it and has developed vigorously,
especially during recent years. People now view exosomes as a form of regenerative therapy
(8,18,19). For example, various dermatoses can be treated with ointments containing
exosomes, which bring re-epithelialization and regulate cutaneous inflammation (20). After
clinical cutaneous aspects such as ichthyosis, eruptions, cutis lesions, skin thickening-
lipodystrophy, hypopigmentation, hyperpigmentation, and hair loss, the dynamism of
exosomes (vesicular trafficking) can be hidden, a consequence of certain genetic alterations
(10, 20). Exosomes are seen as very useful for increasing human lifespan; why not for other
living beings? For example, various miRNAs, such as miRNA 335 and miRNA-34, modulate
the lifespan of mesenchymal cells by inhibiting the action of enzymes such as superoxide
dismutase and thioredoxin reductase, enzymes that contribute to oxidative stress, thus the
instability of the respective organelles (17, 21, 22) Exosomes are seen as aesthetic
dermatological applications; for example, ointments based on exosomes applied with laser
therapy are more effective than laser therapy alone, for example, in melanin indexes, skin
wrinkles, skin radiance, or photo-ageing (7). Many other diseases in other organs can result
precisely from the jeopardized dynamism of exosomes, a consequence of certain genetic
alterations (10). Such as hepatosplenomegaly, cardiomyopathies, acute renal failure,
tubulopathies, cataracts, retinopathies, and corneal anomalies, may also have genetic
alterations as the cause, already studied and confirmed to bring the jeopardizing of exosome
dynamics (vesicular trafficking) (10, 13). Studies according to Lang et al. say that SIRT-4
proteins affect mitochondrial homeostasis, and meanwhile miRNA-15b is the one that
modulates SIRT-4, influencing lifespan (17, 21, 22).

e Exosomes and the spread of diseases in organisms

Exosomes can influence the inhibiting or promoting development of many
diseases. Exosomes influence disease spread; for example, viral diseases are more
spectacular, and the spread of the cancer process (1, 2, 4, 9, 13). Exosomes during the cancer
process influence invasion, metastasis, neovascularisation, and angiogenesis (13).

e Exosome, early and prognostic laboratory biomarkers™

Since the initial mechanisms of the disease serve to find "early biomarkers,” an in-depth
study of the mechanism of spread directly contributes to finding new therapies and
"prognostic biomarkers" (13). Moreover, the intertwining of bioinformatics and artificial
intelligence with the latest advances in exosomes aims at applying biosensors for miRNA
exosomes, representative with value for capturing early cancer processes (24- 26).

e Exosome Machinery and the Pharmaceutical Industry
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On the other hand, the pharmaceutical industry is increasingly developing an “exosome
machinery," an exosome industry with continuous and high production rates. According to
economic reports on the exosome research market, the trend of predictions for the money
spent in function of this industry until 2028 is exponential, from 148 million in 2022 and 169
million in 2023 to 356 million in 2028. As a matter of fact, research studies conducted over
the past decade on exosomes have also seen exponential growth (27-31). The current trend is
their use in nanotechnology, molecular diagnostics, cardiovascular diseases, pharmaceutical
purposes, neurodegenerative diseases, biotechnology, diagnostics, and cancer research (32,
36). The future trend is their use together with artificial intelligence in drug discovery, "point
of care" tests, telemedicine, CAR-T cell therapy, nanorobotics, microfluidics, and 3D
bioprinting (37-39). The study of partners of exosomes in therapeutic approaches has resulted
in many synergistic tangos, such as the potentiation of melatonin-exosome effects in
anticancer and anti-inflammatory processes and the slowing of degenerative processes,
embryonic development, renal insufficiency, wound healing, and liver lesions (40).

e Exosomes: A New Way for Drug Administration

Moreover, the use of artificial exosomes (synthetic nanoparticles) as an effective and
maximally efficient way of transmitting drugs directly to the center of action or target cell is
now seen as an optimal and new way of direct bar passage, minimizing the effect of "drug
loss," side effects, or complications, as occurs in classic routes such as oral, muscular, or
intravenous (40).

Conclusions

Exosomes, as a "mirror of intracellular and membrane life" and "intracellular dynamics,"”
show very early the status of a healthy or disease process happening in the organelles of cells,
its "natural and social microenvironment," and are therefore a useful tool” for a new, efficient
synergy of evidence-based medicine with personalized medicine, where the focus is not only
on the disease but also on improving health status, aesthetics, anti-ageing, and lifespan.
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