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Abstract: Disruption of nucleoprotein contents of cells can be considerd a reflection of cell stress phase rather than a 

reflection of the disease state of organs. Disruption of normal cellular protein machinery would occur as a result of cell 

exposure to stressors. Stressors can be extracellular or intracellular (e.g. infections, malnutrition, obesity, physical or mental 

exertion and other ecologic factors). Repeated tissue injury results in repeated altered remodeling of damaged tissues and may 

lead to tissue fibrosis and possibly organ failure (e.g. autoimmune or malignancies). Duration, severity and frequency of cell 

exposure to stressors have been proposed to exert negative impact on cells; possibly through the different types of extracellular 

vesicles (EVs) shed by cells involved in each exposure and consequently affect the mechanisms of cell function. These 

cumulative effects simulate, at least in part, the behavior of chronic RNA viruses (e.g. HCV, Herpes viruses and HIV) which 

may exert relatively harmless effect and remain dormant within the human body for months and years. We hypothesis that: 

EVs produced by different types of cells in response to exposure to stress, may behave like persistent self-induced particles as 

if they were auto-viruses and may need to be neutralized to abolish their proposed role in disease induction and/or progression, 

or otherwise they might provoke serious diseases. 

Keywords: Extracellular Vesicles (EVs), Exosomes, Human Endogenous Retroviruses (HERVs), Horizontal Gene Transfer, 
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1. Introduction

Many diseases are described as resistant, recurrent and 

chronic. These terms though can be attributed to many 

factors; however, the net result is clearly; incomplete cure of 

patients. Since Valadi and co-workers elaborated the 

capability of circulating EVs to horizontally transfer 

functioning gene materials between cells [1], many 

researchers have been working to exploit the role EVs may 

play in the pathogenesis of different diseases as infections, 

malignancies and autoimmune diseases. Moreover, EVs 

released from different tumor cells, viruses and parasites may 

also kill immune cells at a distance to evade the immune 

system [2]. Recently, evidences are accumulating for the 

involvement of T cells in immune responses against human 

endogenous retroviruses (HERVs) in HIV-infected 

individuals [3]. 

EVs may influence the behavior of the recipient cells by 

different mechanisms. They may directly stimulate the cells 

by a surface interaction, they may act by transferring 

receptors proteins between cells, or may deliver proteins to 

target cells [23-25], and they may induce epigenetic changes 

in target cells by transferring genetic material [1, 26, 27]. 

Some virus infections may affect their target organs 

through “latent mode”. They may exist relatively harmless 

and remain dormant within the human body for months and 

years with disruption of healthy cell homeostasis resulting in 

disease (e.g. herpes virus) [4, 5]. Moreover, some viruses can 

cause lifelong or “chronic infections”, were they continue to 

replicate despite the host’s defense mechanisms (e.g. HCV 

and HBV) [6, 7]. 

Not only EVs released from infected cells can trigger 
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immune reaction but also cell-derived vesicles from stressed 

cells can trigger the production of pro-inflammatory 

cytokines by activating targeted cells independent of the 

presence or absence of previous infections beside their ability 

to deliver gene materials to the target cells [8]. 

All these data led to consider the hypothesis of EVs 

produced by different types of cells in response to exposure 

to stress (infectious or non-infectious), may behave as if they 

were persistent self-induced particles or auto-viruses. 

We’ll be addressing some apparent structural and 

functional similarities between EVs and viruses emphasizing 

the role EVs might play in both viral infections and 

inflammation which could be supporting this hypothesis. 

1.1. Extracellular Vesicles (EVs) 

Extracellular Vesicles (EVs) or microvesicles and 

sometimes called microparticles or more accurately 

nanoparticles, is a term used for vesicles that are released 

from the plasma membrane under basal conditions or during 

cell stress [9]. Microvesicles are present in most, if not all, 

biological fluids, atherosclerotic plaques and conditioned 

culture medium [10, 11]. Based on their biophysical 

properties and biogenesis, many types of vesicles have been 

described [12]. Herein, we’ll be focusing on the two major 

groups of non-apoptotic vesicles that are defined by their 

biogenesis: microvesicles and exosomes. 

Exosomes are smaller than microvesicles with size range 

between 30 and 120 nm and the floating density ranges 

between 1.13 and 1.19 g/ml [21]. Exosomes are cell-derived 

vesicles that are present in almost all biological fluids, 

including urine, blood, ascites and cerebrospinal fluid [13]. 

Exosomes are described as homogenous vesicles formed of 

mRNAs, microRNAs (miRNA), proteins, and signaling 

molecules [21, 75] surrounded by a bi-lipid membrane 

enriched in lipid rafts of cholesterol, sphingomyelin, and 

ceramide [12]. Exosomes express cell type-specific proteins 

components which, presumably, reflect the biological 

function of the parent cell (e.g., dexosomes for dentritic cell-

derived exosomes are enriched with major histocompatibility 

complex (MHC) class I and II and express co‐stimulatory 

molecules like CD54, CD80 and CD86 and also prostaspmes 

for prostate-derived exosomes) [7], exosomes from synovial 

fluid contain citrullinated proteins (eg. fibrin α‐chain 

fragment, fibrin β‐chain, fibrinogen D fragment and Spα 

receptor) which might play an important role in converting 

nonimmunogenic proteins into autoimmunogenic proteins [7]. 

Exosomes also express molecules that are considered 

specific markers of exosomes of different origin, such as 

tetraspanin family members (CD63, CD9, CD81, CD82), 

flotillin, Tsg101, Alix and other components of the 

endosomal sorting complex required for transport (ESCRT). 

Moreover, some exosomes may contain heat shock proteins 

(Hsp70, Hsp90) and Rab-GTPases [12, 14]. Expression of 

phosphatidylserine (PS) on exosomes membrane is still 

controversial and remains to be determined [15]. Exosomes 

are the only vesicles originating from inward budding of cell 

membranes (endocytic origin), these vesicles directly fuse 

with the plasma membrane and release exosomes into the 

extracellular space [16]. 

Microvesicles are generated by direct budding of the cell 

membrane, with a size ranging from 50 to 1000 nm, express 

surface markers such as integrin-β, CD40 ligand and 

selectins such as plasma selectins and surface protein 

receptors that characterize the membrane composition of the 

cells of origin [17-20]. 

Because of their small size, vesicles are below the 

detection range of conventional detection methods. Vesicles 

are isolated by multiple sequential differential centrifugation 

(100000-200000) g. Besides, filtration can be applied to 

isolate vesicles. Although the pore size of filters is often well 

defined, increasing forces have to be applied with decreasing 

pore size, which may result in artifacts [7]. 

Distinction based on biogenesis and size or protein and 

lipid composition, between various types of vesicles, remains 

confusing because the markers used for defining vesicles are 

frequently not exclusive, and may vary depending on the cell 

of origin [21, 22]. Besides, the size ranges of microvesicles 

and exosomes may overlap. For this reason, the generic term 

“extracellular vesicles (EV)” has been suggested for all 

secreted vesicles [14], and we’ll be using the term EVs 

representing exosomes or microvesicles. 

EVs may influence the behavior of the recipient cells in 

different mechanisms. They may directly stimulate the cells 

by a surface interaction, they may act by transferring 

receptors proteins between cells, or may deliver proteins (e.g. 

products of oncogenes or caspase-1 protein) to target cells 

[23-25], and they may induce epigenetic changes in target 

cells by transferring genetic material [1, 26, 27]. 

2. Viruses 

Viruses are organic nano-structures which interact with 

living organisms. They do not have their own metabolism; so, 

require a host cell to make new products. They therefore 

cannot naturally reproduce outside a host cell [28]. Most 

studied viruses have a diameter between 20 and 300 nm. 

Virion, a complete virus particle, consists of nucleic acid 

(DNA or RNA) surrounded by a protective coat of protein 

called a capsid, formed of identical protein subunits called 

capsomeres [29]. Enveloped viruses possess a lipid 

"envelope" derived from the host cell membranes [30, 31]. 

According to the type of viral nucleoprotein structure, virus 

is either DNA virus or RNA virus. The vast majority of viruses 

have RNA genomes. Irrespective of nucleic acid type the 

genome can be either single-stranded or double-stranded. The 

single strands are said to be either positive-sense or negative-

sense, depending on their polarity. Positive-sense viral RNA 

can be immediately translated by the host cell, whereas, 

negative-sense viral RNA must be converted to positive-sense 

RNA by an RNA polymerase enzyme before translation. 

However, several types of ssDNA and ssRNA viruses have 

genomes that are ambisense in that transcription can occur off 

both strands in a double-stranded replicative intermediate [32]. 

Viruses can undergo genetic change by several mechanisms; 



 

including “antigenic drift” where individual

or RNA mutate to other bases [33, 34] or

where a major change, recombination or re

genome of the virus takes place [35]. This

viruses infect cells simultaneously; it is common

and DNA viruses [36]. 

Because viruses are non-cellular structures

machinery and metabolism of host cell to

copies, and they assemble in the cell. Stages

of viruses include attachment, penetration

replication and release. The genome replication

viruses takes place in the cell's nucleus, while

replication of most RNA viruses usually 

cytoplasm. Viruses must generate mRNAs

mechanisms from their genomes to produce

replicate themselves [37]. 

Cytopathic effect is the extensive range

biochemical effects that viruses have on the

virus infections eventually lead to cell death

suppression by virus-specific proteins, interestingly,

which are components of the virus particle

cellular level, different mechanisms by

produce disease in multicellular organisms

described, “lytic mode” with subsequent cell

and “latent mode” with disruption 

homeostasis resulting in disease, they may

harmless and remain dormant within the

months and years (e.g. Herpes virus) [39,

some viruses can cause lifelong or “chronic

where viruses continue to replicate despite 

mechanisms (e.g. HCV and HBV) [4

particles (VLPs) resemble viruses, expressing

proteins, such as envelope or capsid but 

because they do not contain any viral genetic

Similarities between EVs and viruses: 

EVs and viruses show apparently structural

are formed of mRNAs, miRNAs, proteins,

molecules contained in a lipid membrane 

membrane, while viruses are formed of nucleic

RNA) surrounded by a protective coat of

capsid. Enveloped viruses possess a lipid "envelope"

from the host cell membranes [30, 31

structure does not obey the main morphological

viruses, however, it has been reported that 

complex structures that are unrelated to any

virus [44]. 

Virus attachment to the recipient cell is 

specific binding proteins of the viral capsid

receptors on the cell surface of the host, this

thought to be receptor mediated endocytosis

fusion. Some viruses have evolved mechanisms

their genome into the host cell across the cell

viral capsid remains outside (un-coating)

mechanisms are nearly applied to EVs has

where microvesicles released from a cell expresses

molecules related to this cell and then they

specific receptor-ligand interaction which
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individual bases of the DNA 

or “antigenic shift” 

re-assortment, in the 

This can occur when 

common to both RNA 

structures they use the 

to produce multiple 

Stages in the life cycle 

penetration, un-coating, 

replication of most DNA 

while the genome 

 takes place in the 

mRNAs by different 

produce proteins and 

range of structural and 

the host cell. Most 

death because of cell 

interestingly, not all of 

particle [38]. At the 

by which viruses 

organisms have been 

cell lysis and death 

 of healthy cell 

may exist relatively 

the human body for 

39, 40]. Moreover, 

“chronic infections”, 

 the host’s defense 

[41, 42].Virus-like 

expressing viral structural 

 are non-infectious 

genetic material [43]. 

structural similarity. EVs 

proteins, and signaling 

 from the host cell 

nucleic acid (DNA or 

of protein called a 

"envelope" derived 

31]. Although EVs 

morphological rules of 

 some viruses have 

any other forms of 

 mediated through 

capsid and specific 

this “viral entry” is 

endocytosis or membrane 

mechanisms that inject 

cell wall, while the 

coating) [45]. Similar 

has been reported, 

expresses adhesion 

they are captured by 

which specifically 

recognize them rather than just 

Soon after the virus entry to

through synthesis of viral messenger

viral genome replication mediated

expression [45]. Meanwhile, EVs

mRNA and miRNA involved 

of RNA, suggesting a dynamic

compartmentalization in EVs [24

RNA-induced silencing (siRNA)

EVs, suggesting that this complex

sorting of miRNAs within exosomes

Following the structure-mediated

virus particles, some modification

maturation) occurs after the virus

host cell (e.g, HIV) [45].Valadi

many of the RNA contained in

the cytoplasm of their donor cells,

the presence of extracellular selective

the genetic proteins at the EVs 

Some viruses undergo a lysogenic

material is incorporated in the 

the infected cell chromosomes

when the infected cell divides

characteristic structures or 

extracellular vesicles (EVs) has

new vehicle of horizontal transfer

between cells [48]. mRNA can

cells, microRNAs are known to

all protein-encoding genes and

may be incorporated in epigenetic

changes in the cell phenotype [24

Figure (1). HCV infected cell may transmit the virus material to non

infected cell either by: 

(1) Cell lysis and direct infection by the HCV nucleic substance.

(2) Cell re-infection by exosomes. 

Exosomes from HCV-infected cells were capable of transmitting infection to 

naive cells and establishing a productive infection. Even with subgenomic 

replicons, lacking structural viral proteins, exosome

of HCV RNA was observed [54]. HCV entry receptors may partly contribute 

to exosome uptake even in the absence of viral envelope or core proteins 

[55]. The cytopathic effect of HCV infection

genome and exosome mediated hepatocyte infection (reinfection). While 

complete free virus genome mostly produces cell lysis and apoptosis, 

exosomes mediated infection or reinfection, can produce an antibody

resistant cell-to-cell transmission route and to establish a productive 

infection even in the absence of viral envelope or core proteins [57, 58, 59].

43 

 by any cell [14]. 

to the infected cell, it replicates 

messenger RNA (mRNA) then 

mediated by regulatory protein 

EVs contain selected patterns of 

 in the intracellular trafficking 

dynamic regulation of RNA 

[24]. Moreover, Components of 

(siRNA) complexes are present in 

complex may be involved in the 

exosomes [46]. 

mediated self-assembly of the 

modification (sometimes called 

virus has been released from the 

Valadi and co-workers reported that 

in the EVs were not detected in 

cells, raising the possibility of 

selective sorting mechanisms of 

 level [1].  

lysogenic cycle where the genetic 

 DNA of the gene substance of 

chromosomes and the virus replicates only 

divides [47]. Independent of their 

 mechanism of biogenesis, 

has been recently described as a 

transfer of genetic information 

can be translated in the recipient 

to regulate more than 80% of 

and the long non-coding RNA 

epigenetic conformation and induce 

24, 49, 50]. 

 

HCV infected cell may transmit the virus material to non-

and direct infection by the HCV nucleic substance. 

infected cells were capable of transmitting infection to 

productive infection. Even with subgenomic 

, lacking structural viral proteins, exosome-mediated transmission 

of HCV RNA was observed [54]. HCV entry receptors may partly contribute 

to exosome uptake even in the absence of viral envelope or core proteins 

[55]. The cytopathic effect of HCV infection differs between complete virus 

genome and exosome mediated hepatocyte infection (reinfection). While 

complete free virus genome mostly produces cell lysis and apoptosis, 

exosomes mediated infection or reinfection, can produce an antibody-

cell transmission route and to establish a productive 

infection even in the absence of viral envelope or core proteins [57, 58, 59]. 
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2.1. Role of EVs in Viral Infections 

After the target cell being infected by the hepatitis C virus, 

(Figure 1), core proteins tend to promote cell death through 

up-regulation of caspases [51], Bax [52] and Fas-ligand [53], 

while the envelope proteins seem to favor cell growth, 

transformation and oncogenicity, the balance in-between 

these viral proteins seems to be crucial in defining the 

consequences of HCV infection [54]. This emphasizes that 

each part of the virus RNA may independently initiate a 

definite consequences of conformational gene modulations of 

the target cell [54]. Besides, HCV entry receptors may partly 

contribute to exosome uptake even in the absence of viral 

envelope or core proteins [55]. HCV entry receptors CD81 

and SR-BI are also known to localize in lipid rafts of 

exosomes [56], supporting a hypothetical role of these 

receptors in exosome uptake by the neighboring healthy 

hepatocytes. The cytopathic effect of HCV infection differs 

between complete virus genome and exosome mediated 

hepatocyte infection (reinfection). While complete free virus 

genome mostly produces cell lysis and apoptosis, exosomes 

mediated infection or reinfection, can produce an antibody-

resistant cell-to-cell transmission route and establish a 

productive infection even in the absence of viral envelope or 

core proteins [57, 58, 59]. Moreover, in 

membranoproliferative (mesangiocapillary) 

glomerulonephritis (MPGN) associates HCV, mesangial 

expansion is largely attributed to macromolecular deposits 

and to lesser extent the direct pathogenetic effect of the virus 

[60], supporting the hypothetical role of exosome in 

transmitting HCV genetic information to the kidney [61] 

even in the absence of viral envelope or core proteins [56]. 

Recently, it has been shown that exosomes released from 

HIV-infected cells contain negative regulatory factor, which 

induces apoptosis of uninfected cells though these cells do 

not contain the RNA of the virus itself [62], besides, EVs 

produced in response to HIV virus are more infectious to 

CD4 T cells than cell-free viral particles [63]. 

Moreover, human herpes virus 4 or EBV encodes RNAs 

that can be transferred from infected to uninfected cells by 

EVs [64-66]. The uptake of EVs from EBV-infected cells by 

epithelial cells results in activation of growth-stimulating 

signaling pathways and can manipulate the growth 

characteristics of neighboring cells [67, 68]. 

Viral particles or molecules associated with viral infection 

(not necessarily the whole genome) can be transmitted to 

adjacent uninfected cells via exosomes and become 

functional [69]. But the function of these particles or 

molecules released via the EVs is different from that of the 

virus itself. It has been postulated that pathogens, like viruses, 

have “hijacked” cell-derived vesicles as a transport vehicle to 

exchange genetic information between cells without the risk 

of being recognized by the immune system [69, 70]. 

Moreover, infected cells with hepatitis B virus, pox viruses, 

or herpes simplex virus, release EVs containing empty viral 

particles exposing viral glycoproteins in concentrations up to 

10,000 fold higher than that of the infectious particles, 

suggesting that these vesicles may act as potential decoys to 

distract the immune system [67, 68].These terms (deceive, 

hijack, decoy, etc.), have used frequently to describe failure 

of the immune system to recognize infective agents. This is 

possibly might be because the genetic information which is 

carried by EVs belongs to the host and secreted as 

consequences of the viral infection but they are no longer 

carry the gene finger-print of the virus itself to be recognized 

by the immune system, arising the possibility that EVs RNA 

might be behaving as if they were like viruses with different 

mode of infectivity than that of the free virus itself [69]. 

Human endogenous retroviruses (HERVs) vesicles are 

virus genome that occupies as much as 4.9% of the human 

genome [70]. They are integrated into the human 

chromosome and are transmitted vertically as Mendelian 

genes. Although, human endogenous retrovirus particles 

(EVs) are released by some transformed cells, they have 

never been shown to be infectious [71]. Recently, evidences 

accumulating for involvement of T cells in immune 

responses against HERVs in HIV-infected individuals [3]. 

The hypothesis that HIV induces HERV expression in HIV-

infected cells led to the proposal that a vaccine targeting 

HERV antigens could specifically eliminate HIV-infected 

cells. This observation supports the notion of synergism 

between EVs of old viral infections and newly developed 

once and raises the possibility of capturing or neutralizing 

these EVs as a new therapeutic modality. 

2.2. Role of EVs in Inflammation 

Cell response to stress, which may be physical, chemical 

or biological factor(s), is the ability of the cell to sense 

disturbance, and initiates a series of molecular reactions for 

maintenance, repair, adaptation, remodeling and survival. 

Demirovic and his colleague described seven main distinct 

pathways at the molecular level which are integral to the 

property of cell homeodynamics. These pathways are: 

antioxidant response, unfolded protein response (UPR), 

inflammatory response, heat shock response (HSR), sirtuin 

response, autophagic response and DNA damage response 

(DDR) [72]. Although it is unknown to what extent cell-

derived vesicles following cell exposure to stress contribute 

to the maintenance of cell homeostasis, it is tempting to 

speculate that vesicles have a protective role for cells from 

extracellular and intracellular stress [9]. 

Cell-derived vesicles from stressed cells can trigger the 

production of pro-inflammatory cytokines by activating 

targeted cells independent of the presence or absence of 

previous infections. This activation results in expression and 

production of tissue factors and interleukins [73]. The elegant 

experiment of Deng and his colleagues shows that EVs 

derived from adipose tissue when intravenously injected into 

wild-type C57BL/6 mice resulted in development of insulin 

resistance, whereas injection into TLR-4 knockout B6 mice 

the insulin resistance was not marked due to the effect of 

increased levels of TNF-α and IL-6 [7]. Despite the 

complexity and multifactorial nature of T2D, metabolic 

inflammation is the most common step leading to insulin 
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resistance in the disease. Exosome-like vesicles released 

from adipose tissue are taken up by peripheral blood 

monocytes, which then differentiate into macrophages 

producing increased levels of TNF-α and interleukin-6 [74]. 

Based on this experiment, the gradual progressive 

dissemination of insulin resistance throughout the body may 

be attributed, at least in part, to EVs released from inflamed 

adipose tissues which may open the gate for a new modality 

of treatment for insulin resistance in diabetic patients [74]. 

Extracellular vesicles from human atherosclerotic plaques 

have been shown to mediate the functional transfer of 

ICAM-1 to endothelial cells of neighboring healthy cells, 

thereby promoting the adhesion of monocytes and trans-

endothelial migration [70]. Thus, plaque EVs may further 

facilitate atherosclerotic plaque progression, simulating a 

slowly progressing viral infection. 

Another example linking inflammatory processes to EVs 

shown in preeclampsia patient blood contains elevated levels 

of the placenta derived “syncytio-trophoblast EVs” that bind 

to the monocytes and endothelial cells thus triggering the 

production of pro-inflammatory cytokines and hence, it may 

contribute to the increased systemic inflammatory 

responsiveness in preeclampsia [72]. 

The ability of EVs to modulate the inflammatory response 

is not limited to blood. Autologous EVs from synovial fluid 

and EVs from T cells, monocytes, and platelets trigger the 

production and release of interleukins 6 and 8, matrix 

metalloproteases, monocyte- chemotactic proteins 1 and 2, 

vascular endothelial growth factor (VEGF), and ICAM-1 by 

synovial fibroblasts, indicating that these vesicles may 

enhance the destructive activity of these fibroblasts in 

rheumatoid arthritis [71] in absence of true infection. 

3. Conclusion 

EVs RNA produced by autologous release from the mother 

cell in response to stress or produced by recurrent 

spontaneous unnoticed or improperly treated infections and 

their contribution to disease persistence or progression needs 

to be thoroughly investigated. Cell-derived EVs have the 

ability to transfer receptors and stimulate the production of 

inflammatory mediators. It has been recently reported that 

inappropriate clearance of apoptotic vesicles is considered to 

be the primary cause of developing systemic autoimmune 

diseases. 

We hypothesis that: EVs produced by different types of 

cells in response to stress, may behave like persistent self-

induced particles as if they were auto-viruses and may need 

to be neutralized to abolish their proposed role in disease 

induction and/or progression, or otherwise they might 

provoke serious diseases. 

According to this hypothesis, the to-date markers of 

inflammatory disorders are unable to identify the presence or 

absence of pathognomonic EVs and their role in persistence 

or progression of diseases. EVs may continue to disrupt the 

epigenetic products of the target organ(s) cells even after 

cessation of the stress stimuli and negatively affect the 

forthcoming stressful conditions particularly with the 

possibility of extracellular sorting mechanisms of EVs 

contents that may behave like persistent self-induced 

particles as if they were auto-viruses, as they simulate in part 

the latency mode of chronic viral infections.  

One may expect that the hypothesis of auto-virus may 

improve the general health care outcome and open a new 

window for novel diagnostic and therapeutic modalities. 
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