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Abstract

The prostasome is the first described exosome and constitutes the third communication system between cells
mediating messages besides gap junctions and soluble compounds such as hormones. Exosomes are nanometer
vesicles surrounded by a lipid bilayered membrane and released by most cell types including malignant cells. The
exosomal messenger system reaches distant cells even on the other side of the blood brain barrier. In this way they
are able to interact with their target cells for delivery of their cargo. We here describe prostasomal properties in
more detail thus exemplifying common exosomal characteristics. Myocardial derived exosomes (cardiosomes), are
also described in order to highlight other common biological functions including damaged tissue, i.e. tissue repair.
Abnormal tissue such as malignant progression can be driven by cancer cell derived exosomes, believed mainly to
be mediated by different forms of short RNAs exerting their action through specific signaling pathways related to

metastases, therapeutic resistance and immunosuppression.
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Introduction

This minireview includes biogenesis, structure and some biological
functions of the first described exosome, i.e. the prostasome. As many of
the prostasomal characteristics are shared with those of other types of
exosomes, the prostasome may serve as a symbol for other exosomes.
Notably, all types of exosomes are distinct from each other dependent
upon their cells of origin, i.e. the maternal cell. Some other types of
exosomes will also be discussed in order to demonstrate their
pluripotency.

Biogenesis of exosomes

Exosomes belong to the extracellular vesicle (EV) family. They are lipid-
bilayer enclosed vesicles [1] that are released from most cell types and
present in all body fluids. They were first found in prostatic fluid and
subsequently in seminal plasma [2-4]. They were denoted “prostasomes”
[5] due to their origin in prostate epithelial cells [6, 7]. Each ejaculate
contains trillions of prostasomes [8] as compared with about 150 million
of sperm cells meaning an extremely high excess of prostasomes. Given
their small sizes, most of them having a diameter within the range of 30-
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200 nm, prostasomes/exosomes are generally visualized by electron
microscopy. The biogenesis of prostasomes/exosomes means multistep
processes meaning two invagination events of biological membranes. The
first invagination comprises the plasma membrane of the maternal cell
contributing to endocytic vesicles in the formation of early endosomes
that develop into late endosomes. The second invagination commences
multiple inward buddings of the late endosomal membrane ending up in
intraluminal vesicles (ILVs). In this way storage vesicles/multivesicular
bodies (MVBs) are formed, thus retaining selected molecules from the
maternal cell. The membrane surrounding the MVB can fuse with the
plasma membrane of the maternal cell. Prostate epithelial cells release the
ILVs as prostasomes to the ducts of the prostate gland [7, 9] (Fig 1). It
should be considered that the bilayered membrane surrounding
prostasomes (and all other exosomes) are “right-side-out” with reference
to the plasma membrane due to the two preceding sessions of
invaginations described above. This is corroborated by e.g. Mg2+ and
Ca2+ -stimulated ATPase appearing as an ectoenzyme [10] which can be
verified at the outer surface of prostasomes [4-6]. Thus, the maternal cell
surface interactive molecules such as enzymes and receptors do appear on
the outer surface of prostasomes/exosomes.
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Figure 1: Biogenesis of exosomes, by permission Waldenstrom A & Ronquist G, Circ Res 2014; 114(2):315-324.

Composition of prostasomes/exosomes

Prostasomes as well as other exosomes demonstrate a specific lipid
composition with a high cholesterol-to-phospholipid molar ratio being
around 2.0 [1]. Sphingomyelin (at the expense of phosphatidyl choline) is
the dominating type of phospholipid of prostasomes/exosomes
constituting almost half of the total phospholipids [1, 7]. The fatty acids
in sphingomyelin are mainly palmitic acid and other fatty acids consist
largely of saturated and monounsaturated fatty acids [1]. For
physical/chemical reasons cholesterol incorporates in biomembranes that
contain saturated phospholipid acyl chains having a high content of
sphingomyelin. Such a peculiar pattern suggests that the lipids in the
prostasomal membrane are highly ordered. This is indeed in line with our
electron spin-labeling analyses demonstrating high order parameters for
prostasomes [1]. Such a highly ordered membrane structure renders
prostasomes/exosomes tough withstanding physical force, e.g. freezing
and thawing besides their resistance to detergents. More biologically
relevant is also their ability to keep tight thus preventing leakage and
protection of cargo [4].

Interactive ability

An EV-to-target cell interaction was firstly noted between prostasomes
and sperm cells [5]. This finding was followed by demonstration in free
zone electrophoresis of a strong interaction between prostasomes and
sperm cells exerted by hydrophobic forces [11]. The prostasomal cargo
mediating effects on recipient sperm cells include various membrane
proteins and nucleic acids. Among the transferable prostasomal
membrane proteins is the membrane attack complex [MAC]-inhibitory
protein, CD 59, also known as membrane inhibitor of reactive lysis [12].
The complement system provides the host [in this case the female genital
tract] with defense against invasion of non-self components. Itis activated
by different pathways that all end in the formation of MAC. CD59 is
expressed on the surface of many cells including human erythrocytes, but
interestingly, also on the surface of an organelle, the prostasome [12, 13].
The sperm cell is continuously boosted by prostasomes with CD59, thus
protecting the sperm cells in the female genital tract. The rare disease,
paroxysmal nocturnal hemoglobinuria [PNH] is characterized by a lack
of functional CD 59 on the erythrocyte membrane. PNH typically
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demonstrates an increased susceptibility of erythrocytes to complement-
mediated lysis, due to absence of CD59 [12, 13]. Human prostasomal
CD59 can be transferred in vitro with maintained functionality to human
erythrocytes lacking CD59 (intra-species) as well as to rabbit erythrocytes
also lacking functional CD59 against human complement (inter-species).
Short-time incubations of such erythrocytes with human prostasomes
resulted in abrogation of complement-induced hemolysis, meaning in
both cases an acquired resistance to lysis and normalization of the
erythrocytes through human prostasomes [13] via transfer of the CD59
glycoprotein. This demonstrates the readiness of prostasomes to deliver
cargo (CD59 and Ca2+ signaling protein, see below) to recipient cells and
potentially be used as therapeutic agents.

Prostasome-to-sperm cell interaction

Human sperm cells are equipped by prostasomes with Ca2+ signaling
mechanisms that are pivotal for the fertilization process. Freshly
ejaculated sperm cells are incapable to fertilize the egg. This function is
obtained only in the female reproductive tract through a functional
maturation process called capacitation [14, 15]. Capacitation implicates
modification in the biochemical and biophysical characteristics of sperm
cells while proceeding on its way to the ovum. The process is completed
when the sperm cells are recognizing ligands of the zona pellucida by
undergoing the acrosome reaction [15]. Sperm Ca2+ signaling and
interaction with the female reproductive tract are of utmost importance in
orchestrating penetration of layers of cells and glycoproteins surrounding
the egg culminating in the fusion with the egg. The detailed mechanisms
of the aforementioned Ca2+ signaling have been explored by Park et al
[16]. These authors observed that prostasome interaction with the sperm
cell was necessary for the transfer from prostasomes of calcium ion
signaling tools (e.g. receptors and enzymes) for sperm cell functionality.
Sperm cells separate themselves from a majority of other cells, in that
their DNA is compressed by protamine replacing histones. Sperm
transcription ceases several days before the end of spermiogenesis [17].
Accordingly, expression is shut down during a time period of weeks,
when sperm signaling proteins are indispensable in the female
reproductive tract. As a matter of fact, sperm cells escape the hardship to
produce or keep all the important signaling proteins. Simply, they get
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them from their “rucksacks”, (the prostasomes) on their way to the egg
[16], (Fig 2). Sperm cells display a high sensitivity to progesterone,
meaning that already a picomolar concentration of the hormone is
sufficient for chemotactic response [18]. Park et al [16] verified that this

-
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very low concentration of progesterone was enough to induce a well-
adapted, high amplitude calcium ion signal in sperm cells. Accordingly,
seminal plasma with its rich supply of proteins is essential both for sperm
transport and sperm protection, maturation and function [19].

0 . @

Figure 2: Sperm cell surrounded by prostasomes (rucksack). By permission Ronquist G, Nilsson BO, and Hjertén S. Archives androl 1990; 24:147-
157.

Nucleic acids as part of cargo

DNA fragments were described in prostasomes as early as 1990 [20].
Subsequent studies revealed a chromosomal origin of the DNA, where 4
out of 13 DNA clones represented gene sequences (31%), demonstrating
a staggering enrichment of exones compared to wild type cell nucleus
[21]. A genome-wide DNA copy number analysis revealed that
prostasomes indeed contained fragments of DNA representing the entire
genome. Such DNA fragments were transferred to freshly prepared sperm
cells [22]. The prostasomal/exosomal cargo mediating effects on recipient
cells also include messenger and microRNAs (miRNAS) [23]. miRNAs
function as regulators through degradation or inhibition of specific
mMRNA targets [24-26]. This functional pattern is not exclusive for
prostasomes but includes other exosomes as well [27]. Furthermore,
fragments of transfer RNA can in a non-specific way interfere with
protein translation or function similar to miRNAs by binding components
of the RNA-induced silencing complex [28]. The prostasomal content of
miRNAs is substantial [8]. This is contrary to findings in exosomes
isolated from blood plasma and cell culture supernatant, where the
majority of extracellular miRNAs appears independent of exosomes [29].
Also, prostasomes exhibit a specific miRNA profile that differs from the
profiles of exosomes of other origins. This indicates the specificity of
exosomes based on the maternal cell, i.e. cell of origin [8]. The female
reproductive tract is a hostile environment to sperm cells due to their
“non-self” existence in that location. Prostasomes with their unique cargo
may act as sperm cell protectors by their immunomodulatory ability [8].
The survival of sperm cells is in this way prolonged in an otherwise
hostile environment in favor of a successful fertilization. The detailed
description of prostasomal interactive function with its natural target cell
(sperm cell) may serve as reference also for other exosomal interactive
relations with the respective target cells.
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Some functional abilities of cardiosomes

Accordingly, the prostasome is only a part of a broader exosomal
messenger system in mammals. This is demonstrated by e.g. the
production of cardiosomes from cardiomyocytes. Cultured rat
cardiomyocytes are able to release cardiosomes and when incubated with
fibroblasts do penetrate the fibroblast plasma membrane. It was
demonstrated that such cardiosomes contained both DNA fragments and
RNA and that the DNA fragments corresponded to the whole genome
[30]. The DNA was transported all the way to the nucleus of the
fibroblast. Furthermore, the cardiosomes induced numerous changes in
gene expression of the fibroblast. Thus exosomes do convey biological
intercellular messages. Moreover, it was demonstrated that the external
milieu of the maternal cell is decisive for the specific capability of the
exosomes released.  Thus, when cultivated cardiomyocytes were
subjected to different growth factors the properties of the cardiosomes
released differed such that the genetic expression of the recipient
fibroblast induced both up and down regulations [31]. These in vitro
results were later implemented in a whole animal model. It is well known
that subjecting a heart to repeated short periods of ischemia with
reperfusion in between renders the myocardium more resistant to
subsequent longer periods of ischemia. This phenomenon is denoted
ischemic preconditioning (IPC). Also, intermittent ischemia of a limb
may protect the myocardium from ischemic attacks and is denoted remote
preconditioning. The two preconditioning phenomena are mainly
mediated by muscle exosomal interference. This implies that it is not
mandatory that the influencing exosome originates from the same type of
exposed muscle, thus skeletal muscle exosomes can successfully interfere
with myocardium. In an in vivo model the beating heart of anesthetized
pigs were subjected to IPC. Exosomes were extracted from the coronary
sinus draining the heart from blood aiming at high cardiosomal yield. The
findings demonstrate that IPC influences the mRNA in cardiosomes
including gene transcripts coding for proteins with protective effects in
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IPC [32]. Preconditioned maternal cells release cardiosomes containing
MRNA sequences that are different from mRNA content in cardiosomes
from non-preconditioned cells. This finding demonstrates the importance
of the external milieu on maternal cell exosomal release. As expected,
neither exosomal content nor quality of DNA sequences change after
preconditioning [33]. The seminal role of exosomes to mediate protective
factors in the IPC and remote IPC phenomena is obvious.

Exosomes and malignant cell proliferation

It was shown in 1999 that prostasomes were found also in neoplastic
epithelial prostate cells [34, 35, 36]. Hanahan and Weinberg [37]
conceptualized cancer with hallmarks of the malignant disease in the
following 6 points:

Unlimited proliferation

Evading growth suppressors
Resisting cell death

Replicative immortality
Inducing angiogenesis

Initiating invasion and metastasis

SoaprwNE

All these abilities require cell to cell communication. The traditional view
on the mode of communication was gap junctions between cells and
soluble growth factors. Today it is obvious that exosomes are a third
communicative factor [38, 39]. Cancer cell derived exosomes are
pertinent in all the 6 hallmarks above. As a matter of fact malignant
progression can be driven by cancer cell derived exosomes. The
component of such exosomes, as has been mentioned above, include
proteins, lipids, DNA, mRNA, miRNA, long non-coding RNA and
circular RNA that can transform the tumor extracellular matrix
microenvironment. The tumor derived exosomes mediate in this way
“functional components in order to initiate pathways that are necessary
for tumor survival and propagation” [37]. Their mode of action to
stimulate tumor growth and development is through specific signaling
pathways related to metastases, therapeutic resistance and immune
suppression. Cancer cell derived exosomes promote formation of
metastases by initiating epithelial-mesenchymal-transition (EMT) within
the tumor microenvironment. They will also travel to distant places (even
passing the blood brain barrier) via various interstitial fluids in the
extracellular space and be selectively taken up and induce transformation
of normal cells into malignant cells [40-44].

Concluding remarks

Exosomes comprise a hitherto extensively underestimated messenger and
transport system including the whole organism. They constitute the third
communicative system for both near and distant interaction between cells
besides gap junctions and soluble molecules. On top of this they also serve
as a supplier system.

e  Prostasomes were the first to be described in the exosome
family

e  Prostasomes are a prerequisite for full sperm competence

e  Exosomes are produced from most cells including malignant
cells

e  Exosomes contain DNA, RNA, proteins, lipids and convey
intercellular messages and functional proteins to target cells.
The whole genome is represented by the mass of exosomes
suggesting as a source for DNA repair.

e  The messages conveyed by the exosome is dependent on the
milieu of the maternal cell

e Exosomes represent a third type of
communication- and supplier system

intercellular

References

Auctores Publishing — Volume 4(1)-061 www.auctoresonline.org
ISSN: 2692-9406

10

11

12

13

14

15

16

17

18

Copy rights@ Gunnar Ronquist et.al.

Arvidson G, Ronquist G, Wikander G, Ojteg AC. (1989)
Human prostasome membranes exhibit very high
cholesterol/phospholipid ratios yielding high molecular
ordering. Biochim Biophys Acta. 984:167-173.

Ronquist G, Hedstrom M. (1977) Restoration of detergent-
inactivated adenosine triphosphatase activity of human
prostatic fluid with concanavalin A. Biochim Biophys Acta.
483:483-486.

Raposo G, Stoorvogel W. (2013) Extracellular vesicles:
exosomes, microvesicles, and friends. J Cell Biol. 200(4):373-
383.

Vickram AS, Samad HA, Latheef SK, Chakraborty S, Dhama
K, Sridharan TB, Sundaram T, Gulothungan G. (2020) Human
prostasomes an extracellular vesicle- Biomarkers for male
infertility and prostate cancer: The journey from identification
to current knowledge. Int J Biol Macromol. 146:946-958.
Ronquist G. (2012) Prostasomes are mediators of intercellular
communication: from basic research to clinical implications. J
Intern Med. 271:400-413.

Ronquist G. (2015) Prostasomes: Their characterization:
Implications for human reproduction: Prostasomes and Human
reproduction. Adv Exp Med Biol. 868:191-209.

Aalberts M, Stout TAE, Stoorvogel W. (2014) Prostasomes:
extracellular vesicles from the prostate. Reproduction. 147:1-
14.

Vojtech L, Woo S, Hughes S, Levy C, Ballweber L, Sauteraud
RP et al. (2014) Exosomes in human semen carry a distinctive
repertoire of small non-coding RNAs with potential regulatory
functions. Nucleic Acids Res.

Samanta L, Parida R, Dias TR, Agarwal A. (2018) The
enigmatic seminal plasma: a proteomics insight from
ejaculation to fertilization. Reprod Biol Endocrinol. 16(1):41.
Ronquist G, Agren GK. (1975) An Mg?* and Ca2* -stimulated
adenosine triphosphatase at the outer surface of Ehrlich ascites
tumor cells. Cancer Res. 35:1402-1406.

Ronquist G, Nilsson BO, Hjertén S. (1990) Interaction between
prostasomes and spermatozoa from human semen. Arch
Androl. 24:147-157.

Rooney 1A, Atkinson JP, Krul ES, Schonfeld G, Polakoski K,
Saffitz JE et al. (1993) Physiologic relevance of the membrane
attack complex inhibitory protein CD59 in human seminal
plasma: CD59 is present on extracellular organelles
(prostasomes), binds cell membranes, and inhibits complement-
mediated lysis. J Exp Med. 177:1409-1420.

Babiker AA, Ronquist G, Nilsson UR, Nilsson B. (2002)
Transfer of prostasomal CD59 to CD59-deficient red blood
cells results in protection against complement-mediated
hemolysis. Am J Reprod Immunol. 47:183-192.

Cross NL, Mahasreshti P. (1997) Prostasome fraction of human
seminal plasma prevents sperm from becoming acrosomally
responsive to the agonist progesterone. Arch Androl. 39(1):39-
44,

De Jonge C. (2005) Biological basis for human capacitation.
Hum Reprod Update. 11:205-214.

Park KH, Kim BJ, Kang J, Nam TS, Lim JM, Kim HT et al.
(2011) Ca2+ signaling tools acquired from prostasomes are
required for progesterone-induced sperm motility. Sci Signal.
Kumar A, Pandita S, Ganguly S, Soren S, Pagrut N. (2018)
Beneficial effects of seminal prostasomes on sperm functional
parameters. J Entomol Zool Stud. 6(5):2464-2471.

Teves ME, Barbano F, Guidobaldi HA, Sanchez R, Miska W,
Giojalas LC. (2006) Progesterone at the picomolar range is a
chemoattractant for mammalian spermatozoa. Fertil Steril.
86:745-749.

Page 4 of 5


https://www.sciencedirect.com/science/article/pii/0005273689902125
https://www.sciencedirect.com/science/article/pii/0005273689902125
https://www.sciencedirect.com/science/article/pii/0005273689902125
https://www.sciencedirect.com/science/article/pii/0005273689902125
https://www.sciencedirect.com/science/article/pii/000527447790078X
https://www.sciencedirect.com/science/article/pii/000527447790078X
https://www.sciencedirect.com/science/article/pii/000527447790078X
https://www.sciencedirect.com/science/article/pii/000527447790078X
doi:10.1083/jcb.201211138
doi:10.1083/jcb.201211138
doi:10.1083/jcb.201211138
doi:10.1016/j.ijbiomac.2019.09.218
doi:10.1016/j.ijbiomac.2019.09.218
doi:10.1016/j.ijbiomac.2019.09.218
doi:10.1016/j.ijbiomac.2019.09.218
doi:10.1016/j.ijbiomac.2019.09.218
doi:%2010.1111/j.1365-2796.2011.02487.x
doi:%2010.1111/j.1365-2796.2011.02487.x
doi:%2010.1111/j.1365-2796.2011.02487.x
doi:10.1007/978-3-319-1881-2¬¬_9
doi:10.1007/978-3-319-1881-2¬¬_9
doi:10.1007/978-3-319-1881-2¬¬_9
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.884.6521&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.884.6521&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.884.6521&rep=rep1&type=pdf
doi:10.1093/nar/gku347
doi:10.1093/nar/gku347
doi:10.1093/nar/gku347
doi:10.1093/nar/gku347
doi:10.1186/s12958-018-0358-6
doi:10.1186/s12958-018-0358-6
doi:10.1186/s12958-018-0358-6
https://cancerres.aacrjournals.org/content/35/6/1402.short
https://cancerres.aacrjournals.org/content/35/6/1402.short
https://cancerres.aacrjournals.org/content/35/6/1402.short
https://www.tandfonline.com/doi/abs/10.3109/01485019008986874
https://www.tandfonline.com/doi/abs/10.3109/01485019008986874
https://www.tandfonline.com/doi/abs/10.3109/01485019008986874
https://rupress.org/jem/article-abstract/177/5/1409/24681
https://rupress.org/jem/article-abstract/177/5/1409/24681
https://rupress.org/jem/article-abstract/177/5/1409/24681
https://rupress.org/jem/article-abstract/177/5/1409/24681
https://rupress.org/jem/article-abstract/177/5/1409/24681
https://rupress.org/jem/article-abstract/177/5/1409/24681
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1600-0897.2002.1o023.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1600-0897.2002.1o023.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1600-0897.2002.1o023.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1600-0897.2002.1o023.x
https://www.tandfonline.com/doi/abs/10.3109/01485019708987900
https://www.tandfonline.com/doi/abs/10.3109/01485019708987900
https://www.tandfonline.com/doi/abs/10.3109/01485019708987900
https://www.tandfonline.com/doi/abs/10.3109/01485019708987900
https://academic.oup.com/humupd/article-abstract/23/3/289/2937782
https://academic.oup.com/humupd/article-abstract/23/3/289/2937782
https://stke.sciencemag.org/content/4/173/ra31.short
https://stke.sciencemag.org/content/4/173/ra31.short
https://stke.sciencemag.org/content/4/173/ra31.short
https://www.academia.edu/download/57668676/Amit_Kumar_et_al.2018_JEZS.pdf
https://www.academia.edu/download/57668676/Amit_Kumar_et_al.2018_JEZS.pdf
https://www.academia.edu/download/57668676/Amit_Kumar_et_al.2018_JEZS.pdf
https://www.sciencedirect.com/science/article/pii/S0015028206009009
https://www.sciencedirect.com/science/article/pii/S0015028206009009
https://www.sciencedirect.com/science/article/pii/S0015028206009009
https://www.sciencedirect.com/science/article/pii/S0015028206009009

Biomedical Research and Clinical Reviews

Copy rights@ Gunnar Ronquist et.al.

19 Candenas L, Chianese R. (2020) Exosome composition and cardiomyocytes induces changes in the transcriptional contents
seminal plasma proteome: a promising source of biomarkers of of secreted exosomes J extracell Vesicles.
male infertility. Int J Mol Sci. 21(19):E7022. 32 Svennerholm K, Rodsand P, Hellman U, Lundholm M,

20 Olsson I, Ronquist G. (1990) Nucleic acid association to human Waldenstrom A, Biber B, Ronquist G, Haney M. (2015)
prostasomes. Arch Androl. 24:1-10. Myocardial ischemic preconditioning in a porcine model leads

21 Ronquist KG, Ronquist G, Carlsson L, Larsson A. (2009) to rapid changes in cardiac extracellular vesicle messenger
Human prostasomes contain chromosomal DNA. Prostate. RNA content. Int J Cardiol Heart Vasc. 8:62-67.

69:737-743. 33 Svennerholm K, Rodsand P, Hellman U, Waldenstrdm A,

22 Ronquist KG, Larsson A, Ronquist G, Isaksson A, Hreinsson J, Lundholm M, Ahrén D, Biber B, Ronquist G, Haney M. (2016)
Carlsson L et al. (2011) Prostasomal DNA characterization and DNA content isolated from extracellular vesicles isolated from
transfer into human sperm. Mol Reprod Dev. 78:467-476. porcine coronary venous blood directly after myocardial

23 Turchinovich A, Weiz L, Langheinz A, Burwinkel B. (2011) ischemic preconditioning. PLoSOne. 19;11(7).
Characterization of extracellular circulating microRNA. 34 Nilsson BO, Egevad I; Jin M, Ronquist G, Busch C. (1999)
Nucleic Acids Res. 39:7223-7233. Distribution of prostasomes in neoplastic epithelial cells.

24 Ratajczak J, Wysoczynski J, Hayek F, Janowska-Wieczorek A, Prostate. 39(1):36-40.

Ratajczak MZ. (2006) Membrane-derived microvesicles: 35 Llorente A, deMArco MC, Alonso MA. (2004) Caveolin-1 and
important and underappreciated mediators of cell-to-cell MAL are located on prostasomes excreted by the prostate
communication. Leukemia. 20(9):1487-1495. cancer PC-3 cells. J Cell Sci. 117(Pt22):5343-5351.

25 Valadi H, Ekstrém K, Bossios A, Sjostrand M, Lee JJ, Lotvall 36 Sahlén G, Ahlander A, Frost A, Ronquist G, Norlén BJ, Nilsson
JO. (2007) Exosome-mediated transfer of mMRNAs and BO. (2004) Prostasomes are excreted from poorly differentiated
microRNAs is a novel mechanism of genetic exchange between cells of prostate cancer metastases. Prostate. 61(3):291-297.
cells. Nat Cell Biol. 9:654-659. 37 Hanahan D, Weinberg RA. (2000) The hallmarks of cancer.

26 Montecalvo A, Larregina T, Shufesky WJ, Beer Stolz D, Cell. 100(1):57-70.

Sullivan MLG, Karlsson JM et al. (2012) Mekanism of transfer 38 Jan AT, Rahman S, Badierah R, Lee EJ, Mattar EH, Redwan
of functional microRNAs between mouse dendritic cells via EM, Choi I. (2021) Expedition into exosome biology: A
exosomes. Blood. 119:746-766. perspective of progress from discovery to therapeutic

27 Batagov AO, Kurochkin IV. (2013) Exosomes secreted by development. Cancers. 13(5):1157.
human cells transport largely mRNA fragments that are 39 Eugenin EA. (2019) Role of cell-to-cell communication in
enriched in the 3"-untranslated regions. Biol Direct. 8:12. cancer:n ew features, insights, and directions. Cancer Rep.

28 Maute RL, Schneider C, Sumazin P, Holmes A, Califano A, 2(6):1228.

Basso K. (2013) tRNA-derived micro-RNA modulates 40 Ratajczak MZ, Ratajczak J. (2021) Innate immunity
proliferation and the DNA damage response and is down- communicates using the language of extracellular
regulated in B cell lymphoma. Proc Natl Acad Sci U S A. microvesicles. Stem Cell Rev Rep. 1-9.

110:1404-1409. 41 Menck K, Sivaloganathan S, Beckmann A, Binder C. (2020)

29 Arroyo JD, Chevillet JR, Kroh EM, Ruf IK, Pritchard CC, Microvesicles in cancer: Small size, large potential. Int J Mol
Gibson DF, Mitchell PS et al. (2011) Argonaute2 complexes Sci. 21(15):5373.
carry a population of circulating microRNAs independent of 42 Vodickova M, Gregorovad J, Zdarskd M, Vlachovd M,
vesicles in human plasma. Proc Natl Acad Sci U S A. 108:5003- Sevcikova S. (2020) Role of exosomes in malignancies. Klin
5008. Onkol. 33(4):274-279.

30 Waldenstrom A, Gennebéck N, Hellman U, Ronquist G. (2012) 43 Yokoi A, Ochiya T. (2021) Exosomes and extracellular
Cardiomyocyte microvesicles contain DNA/RNA and convey vesicles: Rethinking the essential values in cancer biology.
biological messages to target cells. PloSOne. 7(4). Semin Cancer Biol. S1044-579X(21);82-91.

31 Gennebdck N, Hellman U, Malm L, Larsson G, Ronquist G, 44 Sinha D, Roy S, Saha P, Chatterjee N, Bishayee A. (2021)
Waldenstrom A, Morner S. (2013) Growth factor stimulation of Trends in Research on exosomes in cancer progression and

anticancer therapy. Cancers. 13(2):E326.
Ready to submit your research? Choose Auctores and benefit from:
< fast, convenient online submission
This work s licensed under Creative % rigorous peer review by experienced research in your field
Y Commons Attribution 4.0 License o . L
< rapid publication on acceptance
<+ authors retain copyrights
To Submit Your Article Click Here: * unique DOI for all articles

DOI: 10.31579/2692-9406/061

% immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more www.auctoresonline.org/journals/biomedical-research-and-
clinical-reviews--

Auctores Publishing — Volume 4(1)-061 www.auctoresonline.org
ISSN: 2692-9406

Page 5 of 5


https://www.mdpi.com/1422-0067/21/19/7022
https://www.mdpi.com/1422-0067/21/19/7022
https://www.mdpi.com/1422-0067/21/19/7022
https://www.tandfonline.com/doi/abs/10.3109/01485019008986852
https://www.tandfonline.com/doi/abs/10.3109/01485019008986852
https://onlinelibrary.wiley.com/doi/abs/10.1002/pros.20921
https://onlinelibrary.wiley.com/doi/abs/10.1002/pros.20921
https://onlinelibrary.wiley.com/doi/abs/10.1002/pros.20921
https://onlinelibrary.wiley.com/doi/abs/10.1002/mrd.21327
https://onlinelibrary.wiley.com/doi/abs/10.1002/mrd.21327
https://onlinelibrary.wiley.com/doi/abs/10.1002/mrd.21327
https://academic.oup.com/nar/article-abstract/39/16/7223/2411238
https://academic.oup.com/nar/article-abstract/39/16/7223/2411238
https://academic.oup.com/nar/article-abstract/39/16/7223/2411238
https://www.nature.com/articles/2404296
https://www.nature.com/articles/2404296
https://www.nature.com/articles/2404296
https://www.nature.com/articles/2404296
https://www.nature.com/articles/ncb1596
https://www.nature.com/articles/ncb1596
https://www.nature.com/articles/ncb1596
https://www.nature.com/articles/ncb1596
https://ashpublications.org/blood/article-abstract/119/3/756/135105
https://ashpublications.org/blood/article-abstract/119/3/756/135105
https://ashpublications.org/blood/article-abstract/119/3/756/135105
https://ashpublications.org/blood/article-abstract/119/3/756/135105
https://biologydirect.biomedcentral.com/articles/10.1186/1745-6150-8-12
https://biologydirect.biomedcentral.com/articles/10.1186/1745-6150-8-12
https://biologydirect.biomedcentral.com/articles/10.1186/1745-6150-8-12
https://www.pnas.org/content/110/4/1404.short
https://www.pnas.org/content/110/4/1404.short
https://www.pnas.org/content/110/4/1404.short
https://www.pnas.org/content/110/4/1404.short
https://www.pnas.org/content/110/4/1404.short
https://www.pnas.org/content/108/12/5003.short
https://www.pnas.org/content/108/12/5003.short
https://www.pnas.org/content/108/12/5003.short
https://www.pnas.org/content/108/12/5003.short
https://www.pnas.org/content/108/12/5003.short
doi:%2010.1371/journal.pone.0034653
doi:%2010.1371/journal.pone.0034653
doi:%2010.1371/journal.pone.0034653
doi:%2010.3402/jev.v2i0.20167
doi:%2010.3402/jev.v2i0.20167
doi:%2010.3402/jev.v2i0.20167
doi:%2010.3402/jev.v2i0.20167
doi:10.1016/j.ijcha.2015.05.006
doi:10.1016/j.ijcha.2015.05.006
doi:10.1016/j.ijcha.2015.05.006
doi:10.1016/j.ijcha.2015.05.006
doi:10.1016/j.ijcha.2015.05.006
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0159105
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0159105
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0159105
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0159105
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0159105
https://onlinelibrary.wiley.com/doi/abs/10.1002/(SICI)1097-0045(19990401)39:1%3C36::AID-PROS6%3E3.0.CO;2-6
https://onlinelibrary.wiley.com/doi/abs/10.1002/(SICI)1097-0045(19990401)39:1%3C36::AID-PROS6%3E3.0.CO;2-6
https://onlinelibrary.wiley.com/doi/abs/10.1002/(SICI)1097-0045(19990401)39:1%3C36::AID-PROS6%3E3.0.CO;2-6
doi:10.1242/jcs.01420
doi:10.1242/jcs.01420
doi:10.1242/jcs.01420
doi:10.1002/pros.20090
doi:10.1002/pros.20090
doi:10.1002/pros.20090
doi:%2010.1016/s0092-8674(00)81683-9
doi:%2010.1016/s0092-8674(00)81683-9
doi:%2010.3390/cancers13051157
doi:%2010.3390/cancers13051157
doi:%2010.3390/cancers13051157
doi:%2010.3390/cancers13051157
https://onlinelibrary.wiley.com/doi/abs/10.1002/cnr2.1228
https://onlinelibrary.wiley.com/doi/abs/10.1002/cnr2.1228
https://onlinelibrary.wiley.com/doi/abs/10.1002/cnr2.1228
doi:%2010.1007/s12015-021-10138-6
doi:%2010.1007/s12015-021-10138-6
doi:%2010.1007/s12015-021-10138-6
doi:%2010.3390/ijms21155373
doi:%2010.3390/ijms21155373
doi:%2010.3390/ijms21155373
doi:%2010.14735/amko2020274
doi:%2010.14735/amko2020274
doi:%2010.14735/amko2020274
doi:%2010.1016/j.semcancer.2021.03.032
doi:%2010.1016/j.semcancer.2021.03.032
doi:%2010.1016/j.semcancer.2021.03.032
https://www.mdpi.com/963736
https://www.mdpi.com/963736
https://www.mdpi.com/963736
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/manuscript

