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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-

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 Waldenström 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. It is 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 

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 

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].  

 

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 

mRNA 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. 

 

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: 

1. Unlimited proliferation 

2. Evading growth suppressors 

3. Resisting cell death 

4. Replicative immortality 

5. Inducing angiogenesis 

6. Initiating invasion and metastasis 

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.  

 Prostasomes were the first to be described in the exosome 

family 

 Prostasomes are a prerequisite for full sperm competence 

 Exosomes are produced from most cells including malignant 

cells 

 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. 

 The messages conveyed by the exosome is dependent on the 

milieu of the maternal cell  

 Exosomes represent a third type of intercellular 

communication- and supplier system 
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