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Abstract

Exosomes are produced by an endocytic cellular route which consists of three steps:first: Cellular membranes
invagination forms the endocytic vesicles, then,The inward budding of the endosoma membrane starts at
the second level, and multivesicular bodies emerge.. In third and last step the multivascular bodies combine
with the cell membrane and Produces the substances of the vesicular, exosomes are used to transfer Set
cell prostaglandins to specific cells exosomes Represent a new mode of contact between cells, which in
many biological processes may play a significant role, for example, immune response,Transduction of
signals,antigen presentation- Intercellular communication mediated by exosome Cells usually communicate
with surrounding cells by direct cell-cell touch, involving interaction of the gap between the cell’s surface
proteins and protein ¢ interactions Communicate with regional cells via induction soluble Factors like:
hormones as well as cytokines Improve the transmission of the signals, Electrical and chemical signals. And
also Exosomes may play a role in the process of metabolic conditions and cardiovascular disorders they
were found to hold metabolites and allowing intra - cellular communication by exosomal miRNA exchange
between skeletal muscles , adipose tissue, pancreatic b-cells, and the mouse liver and the human .
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Introduction substances of the vesicular (exosome) )

Exosomes are membrane vesicles of 30-150 nm
size which are produced endogenously by nearly every
type of cells. Rose Johnstone had first used the word
(exosomes) , who discovered exosomes In Reticulocytes
of sheep in1970 (V) These exosomes were known as
Cell Homeostasis by-products until 1990 ,When it was
discovered the revolution in exosomes Find that the
B-cells produce functioning exosomes that transform
antigen )

- Exosomes formation and its role in immunity

Exosomes are produced by an endocytic cellular
route which consists of three steps:first: Cellular
membranes invagination forms the endocytic vesicles,
then,The inward budding of the endosoma membrane
starts at the second level, and multivesicular bodies
emerge.. In third and last step the multivascular bodies
combine with the cell membrane and Produces the

Exosomes are special because of their protein
and Lipid content, that presents an important hint for
Recognizing them. Exosomes usually involve fusion
Proteins and transport proteins As in phospholipases and
other lipids releated proteins .*)

The exosomes are also riched in Lipids such as
cholesterol, sphingolipids, phosphoglycerides, ceramids
and also are enriched With long saturated chains of fatty
acid ®

Study Researchs indicates that exosomes are used
to transfer Set cell prostaglandins to specific cells
©) exosomes also have miRNA in large amounts 7
exosomes Represent a new mode of contact between
cells, which in many biological processes may play
a significant role, for example, immune response ®
Transduction of signals Pantigen presentation (10 -
Intercellular communication mediated by exosome Cells
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usually communicate with surrounding cells by direct
cell-cell touch, involving interaction of the gap between
the cell’s surface proteins and protein ¢ interactions
Communicate with regional cells via induction soluble
Factors like: hormones as well as cytokines Improve the
transmission of the signals!'") Electrical and chemical
signals (e.g. nuclear elements, fatty acids and other
signals) Also interested in communication ¥ Exosomes
are now accepted with a cell of protein , lipids and
nucleic cell-specific cargo Acids can function as a new
communication between cells Method. The theory of is
based on evidence exosomes from parental cells may
communicate directly with target cells , which leads
to a future infusion of cell behavior and phenotype
characteristics (13 the Exosomal biological applications
are very dependent on effective supply of genetic
materials, that can be accomplished through interactions
between receptors, direct fusion of membranes or
integration via endocytosis!¥ When the exosomes are
internalized fuse with the endosome compact membrane
resulting in the transmission of its genetic material
horizontally into Accurate cell cytoplasm.

The biologically active Molemolecules that impact
were seen in exosomes the following pathways are
used to target cells:1- direct attach occurs when surface
ligands Stimulate Target cells 2- Move to recipient
cells with active receptors;3- Recipient cell epigenetic
reprogramming with function proteins , lipids and
RNAs.(® (Fig:1) exosomes play an important role

in immunoregulation in the immune system, such
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as antigen presentation, immune activation, immune
suppression and Immune tolerance by intercellular
contactexosome-mediated. CD4 + T derivative exosomes
Dendritic cells ( DCs) can connect cells and cell CD8 +
T cells via peptide / major complex histocompatibility
Interactions between MHC / TCR and ICAM-1 / LFA-
1 Conduct DC apoptosis and thus mediate antigen-
specific DCmediated T cell silence!®) The outcomes that
Exosomes produced by B-cell lines are co-stimulating
MHC class II and Adhesion molecules indicated the
stimulation of exosomes which stimulate CD4 T-cells

Clones directly!”

Exosomes produced by antigen presenting cells
( APCs) Surface MHC Class-I and MHC Class-II
molecules and therefore may be potentially stimulating.
CD8 and CD4 T cells, respectively. APC-derived at
high levels ,peptide-MHC-bearing exosomes (p-MHC)
complexes serve as Ag-presenting vesicles for cells, lines
and hybrids, and for ready T cells!'®1%20) The stimulating
activity of T-cells by free = exosomes appears to be
less effective than for the parent APCs.?!??) It could be.
Explain the low ability to activate native T cells in vitro
by free APC-derived Exosomes®>The low stimulating
potential of free exosomes on T-cells in Vitro also was
likely due to its tiny size and Brownian vesicle diffusion
Motion, In fact, when Exosomes derived from APC are
coated at high levels of latex or when direct loading
increases the amount of p-MHC complexes per exosome
itis significantly increase their T-cell inducing capacity
in the exosome with peptide in culture ?+232

@i F)??) éfj O-J@_:l)i’

Fig:1: model signaling pathways in exosome mediated cell- (1) Cells receiving signals through direct
exosomes to-cell communication Ligands that are surface-bound. (2) Transfer of active receptor exosomes to
cells of the recipient. (3) Exosomes can reprogram recipient cells epigenetically by Protein, lipids and RNAs

provide functional (13)
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Even when it is no serious immune reaction should
be observed in Mice had been multiple times
administered with with a comparatively tiny( mouse dose
or exosomes derived from human cells) for prolonged
Time periods®”?® Transfusions of Blood and /or plasma
for decades do not seem to be related with exosomes-
mediated immune response, even,no (human leukocyte
antigen(HLA) , extracellular uptaking and intracellular
exosomes producing In this way ,can induce immune
response and this considerd as dose-dependent manner.
Latest studies with modified exosomes have however
shown a role of exosomes triggered both adaptive and
innate Immunity, support their effectiveness for the
advancement of treatment and its possible contribution
in Organising the immune reactions to Infectious or
cancerous agents(fig:2) The Purpose of exosomes in
regulation of immunity seem to be probable if antigenic
is transferred and presented of Peptides antigens, DNA-
inducing cGASSTING distributions (Cyclic GMP-
AMP
immunity process by which it senses Cytosolic DNA

synthase ) Receiver signaling by Cells (an
induces inflammatory response Genes and IFN reaction
type I MiRNA, and specific signaling induction Surface
ligand pathways exist on the exosomes.

Exosomes  derivative from Antigen-presenting
cells (APCs) Bring p-MHC-II [majo histocompatibility

complex together with Antigenic peptide 1I

®)]

antigenic peptide directly causes activation of different

and costimulative Signals, and display the
T cells. moreover, for purposes still to be Illustrated,
exosomal T-cell stimulation is Less effective than that
resulted by APCs??3%9 Tumor eradication and growth
deficiency were measured in mice by Single intradermal
infusion reported

of APC-derived exosomes loaded with MHC-II a
peptide tumour®? The strength and the effectiveness Of
the CD8 + Cytotoxic T cell -antitumor immunity It also
indicated controlled antitumor response

Indirect presentation of antigen due to various
transfer of antigenic peptide on exosomes to APCs
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effect, naive T and/or Activation of

immature dendritic mouse cells triggered by

which really,
B cells
immunogenic derivative of exosome Peptides activate
APCs indirectly, and stimulate particular multiplication
of the CD4 + T cells , exosomes produced by dendritic
cells of humans enhance a T Helper response ,(production
of IFNg) in culture®? exosomes function in antigen
presentation is also important in bacterial infections |,
such as (Mycobacterium tuberculosis and Helicobacter

pylori ),

In which exosomes may improve antibacterial
properties of immune system response ,by inducing
antigene presenting of bacteria from exosomed (derived
from macrophages) This could have an influence later on
Adaptive Immune Response®® the Production of IFNa

and IFNg, tumor necrosis factor

a (TNFa), and exosomal interleukin produced by
macrophages which leads to to maturation of dendritic
cell and activation of CD4 + and CDS8 + T Cells G4

The exosomal nucleic acid cargo, which is DNA
and miRNA, was involved in the regulation of immune
response both of innate and adaptive immunity.
the Intracellular DNA of bacteria such as: ( listeria,
Franciscella tularensis) are located into exosomes that
having the ability to enhance cGAS-STING signalling

pathways in neighboring cells inducing innate immune

efficiently
Responses. As for Listeria, however, which
takeplace at the expense repressing of T cells and

therefore reduces antibacterial defensive capabilities®>

Where as the significant role of exosomes in Fungal
immune response cAnd parasitic infections is obure;
afew other researches concerned exosomes derived from
parasites have noted such an exosomes could be involved
In pathogenesis of disease®*” human monocytes which
take up exosomes Including parasitic DNA may cause
STING-dependent DNA sensing which is considerd
a decoy process to improve parasite survival®®)
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Exosomes can limit viral infection
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Exosomes can promote viral infection

Viral components
(proteins, miRNAs)

CD9

Immune
evasion
PtSer D _—
issemination R
= of virus and viral =— 7 —== t:uhl:%ep‘c't:ig?‘-
components
cosl \ Viral genetic
cooperativity
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Hijacking biogenesis
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Fig. 2: Role of exosomes in viral infection Virus-infected exosomes could really reduce or enable viral
infection

Exosomal cargo, including such cIFNaor APOBEC3
Gan supress infection by reducing or restricting the
viral multiplication or improve antiviral immune
response. Exosomes can assist as a pseudoenvelope
improving Viral entry tetraspanins (CD81, CD9) and
PtSer interaction and uptake to the host cell and to
enable them evade immune antiviral. Co-transport of
aviral Elemes (proteins and miRNA) can also improve
pathogenicity exosome-mediated viral transmission
could take an active part in genetic cooperative viruses

and Infection multiplicity. CMV, and cytomegalovirus
(39

-exosomes role in metabolic / cardiovasicular
diseases:

Patients with metabolic diseases have been well
known notably resistance to insulin and diabetic
mellitus type 2 (T2DM), or over nearly twice
probability of developing increased CVD, which include
atherosclerosis, stroke and coronary artery disease?)
coronary artery disease is largest cause of death around
that leads to T2DM death and excess threat of

women’s mortality comparison to male*! Relatively

small extra cellular vescles(EVs) about (50 nm to 2
mm) are produced by the membrane of many cell types
into different body fluids , including plasma, milk,
sweat, saliva, blood, urine, tears, etc. There are many
EV categories, exosomes, microvesicles (MVs),and

apoptotic bodies formed by various

Processes.-Mechanisms. The most attention is given
recenltly to exosomes which are extracted from cells
when the plasma membrane fuses within multivesicular
bodies (MVB; also known as multivosicular endosomes,
MVE). in a carefully controlled mechanism and
their contents released“? One of the features of all EVs
is the Phosphatidyl serine (PS) presence on the ground
surface; loss of asymmetry of membrane when blebbing
(apoptotic bodies) or budding (MV) and internal
folding membrane during the formation of vesicles in
MVBs exosomes .( fig:3)This could be determined by
the label attachment ANNEXIN V, an frequently used
flowcytometric reagent of Apoptotic cell examination.
More significantly, a variety of groups find MVs
without PS on the external membrane that does not
seem required for MV preparation®**) which are 0.2-
2.0 mm microvesicles coming from the cell membrane
by budding and thus can contain common cell origin
surface markers (49
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(Fig:3): Schematic representation of (microvesicles,exosos,and apoptotic bodies) formation processes

Asignificant percentage of the heart volume is
formed by thecardiac muscle, while nonmyocyte is
the most prevalent Cardiac fibroblast (CF) containing
approximately 90 % of nonmuscular cells Endothelial
cells (ECs) with important functions in cardiac
homeostasis are in contact with those cells. In addition,
several research indicate the presence of cardiac
derived- progenitor cells (CPCs) which are involved
in the response of post-injury , the existenc of such
cells in the heart indicates the significance and the need
to find the ways of heterocellular communication such
communication occurs in which . EXOs are the primary

mediation between the different populations of the cells-
(46)

Exosomes may play a role in the process of
metabolic conditions and cardiovascular disorders they
were found to hold metabolites and allowing intra -
cellular communication by exosomal miRNA exchange
between skeletal muscles , adipose tissue, pancreatic

b-cells, and the mouse liver and the human®?)

Reciprocal adipocyte signaling and macrophages
via exosomes in the spontaneous leptin gene-knockout
the RBP4 (retinol binding protein )
suggests obesity (protein 4) in macrophage activation
and insulin resistance® Obesemice had a fat diet show

pathway of

separate exosomal circulating

miRNAs that are sufficient to stimulate insulin lean
mice resistance, probably via inhibition of proliferator-
activated peroxisome receptor alpha presence in
fatty tissues % fCachexia, a dangerous disease
of lossing weight and muscle mass associated with
chronic conditions such as cancer or paraneoplastic
metabolisms disorders (such as: new-acquired diabetes
in pancreatic cancer ) Cancer cell-derived exosomal
can be aggravated mouse and human adipocyte and

muscle cell ¢

Adrenomenomedulline,a peptide hormone was
detected that stimulates lipolysis. in human pancreas
produced exosomes mouse and induced cancer cells
and adipocytes in humans ®" Such results support for
exosomes from cancer cells change non-cancer cell
metabolism, including pancreatic islet cells, adipocytes,
and thus supporting the production functionally in
the paraneoplastic and cachexia syndrome. mouse
and human cell culture xosomes Supernatant (, cardiac
Fibroblast,

cells seemed to be correlated with metabolic disorders

cardiomyocytes and cardiac orginator

such as atherosclerosis, diabetes-related disorder
metabolic and cardiovascular disease (CVD) heart
failure®?)

- Exosomes role in neurodegeneration

The development of exosomal biogenesis and the
control of neuronal secretory vesicles new insights into
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the putative were provided by cells communication and
pathogenesis between exosomes of diseases that cause

neurodegeneration. Exosomes may enable or reduce
unfolded accumulation and abnormally folded brain
proteins®*34

Exosomes may be involved in removing misfolded

proteins ,Hence, practicing neuroprotective and
detoxifying features,or assist in the proliferation and
accumulation in misfolded proteins, supports effectively
protein aggregates are “infective” and leading to
the spread of diseases. GW4869 Pharmaceutical
blockage(Inhibiting the flow of MVBs inward) or
with

monensin (with such an intracellular Ca2 + increase).

improvement of development of exosomes

adecrease in or generation of MVB increase of the
transmission, respectively

PrPsc’s contagious prion protein Creutzfeldt — Jakob
disease in combination in vitro , Tau and Ab (generated
with b-amyloid) by the amyloid precursor cleavage
the Alzheimer’s disease, protein [APP], exosomes,
including patients, are considered exosomes derived
from brain spinal fluid (Tau); supernatantderived mouse
cell culture exosomes and supernatant exosomes of
the mouse and human cell culture lines (Ab). Tau ‘s
pathological spread in vitro ,exosome accumulation has
been reported in vivo and in vtrio 3% The exosome
biogenesis can be neuroprotective exosomes can trigger
neurotoxic impairments the formation of oligomers, or
even may move them out of cells, inhibition of exosome
secretion in vivo but the suppression of exosome
secretion in vivo utilize GW4869 in Transgenic TDP-
43A325 T mice were detrimental, so it seemed to reduce
pathogenic TDP-43 clearance of neurons the exosomal
role in the pathophysiology of neurodegenerative disease
and ASD needs more researchs , Such stimulation is
empowered in large part by the intrinsic characteristics
of exosomes to pass efficiently through blood — brain
barrier, a working vascular network as a way to keep
toxins , or drug far from brain ©7

-Exosomes role in reproduction and development

since small EVs are identified in the intercellular
information exchange, numerous studies have indicated
the impact of these vesicles in process of replication , tiny
EVs shown in follicular fluid ®® and oviductal fluid %

secreted by embryos in culture media °” Furthermore,
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the information of molecular pathways of EVs promotes
new technology progress of  bio-roles, diagnostic and
treatment potential(61) such significant structure is an
ovarian follicle within the ovary, the microenvironment
formed by theca cells , granulosa, cumulus and the

Oocyte , in the antral follicles which are

formed by folliculogenesis having the follicular
fluid , the microenvironment of follicle is managed
via endocrine , paracrine and autocrine through its
development , hence the contact between the cells is

essential for the growth of oocytes and follicles.

Folicular cells could also secrete EV in follicular
fluid,that assist in transmitting of information between
cells(fig: 4 ) (62

EVs of follicular fluid has important biological
content due to the development of follicle and
oocytes for example, effects from these EVs can be
detected
and development able to effect theollicle environment
that lead to

therefore, ovarian follicle physiology an essential to

in cumulus and cells of granulosa hormones

alter biogenesis of EVs and contents,

increase the application of EVs in the reproductive
driven strategies (6%

Researchers find alternative enhancement strategies
for fertility levels and increase the probability of
pregnancy in  women by reproductive assistance
and advanced materials for medication. ,inescapable
correlation is between fertility and reproductive functions
effective  folliculogenesis, Oogensis,

embryo development and pregnancy cell-to - cell contact

implantation,

is affected by exosomes, necessary cross-talk between
mother and fetus and gene and protein expression rates
during pregnancy from Reproductive system(6465-66)

It has been shown that exosomes have an important
role to play in transporting; the ability to modulate
molecular cargos , normal follicular transcription
and translations and

development, proliferation

distinguishing of granulous cells, gametogenesis,

oocyte maturation , fertilization rate, embryo
development, development of blastocysts, and appears
result pregnancy 7% Identifying the exosomes in the
reproductive  system demonstrates their potential roles
in pre- and post-conception intercellular communication

during maternal aging advanced.
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However, the efficiency and abundance of human exosomes is recently used as an indicator for pregnancy and

(69,70)

pregnancy related diseases

FCsa EvVe

-ﬁ-i::
g 9
g o O

Fallicular Fluid

(Fig;4): Extracellular vesicles can hold and move bioactive molecules such as proteins in the follicular fluid
RNAs, miRNAs, lipids and metabolites which contribute to oocyte maturation"
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