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Abstract 

Background:  Exosomes are the smallest group of extracellular vesicles in size from 30 to 150 nm, surrounded by a 
lipid bilayer membrane, and originate from multivesicular bodies secreted by different types of cells, such as virus-
infected cells. The critical role of exosomes is information transfer among cells, representing a unique way for intercel‑
lular communication via a load of many kinds of molecules, including various signaling proteins and nucleic acids. In 
this review, we aimed to comprehensively investigate the role of exosomes in promoting human oncogenic viruses-
associated cancers.

Methods:  Our search was conducted for published researches between 2000 and 2022 by using several interna‑
tional databases includeing Scopus, PubMed, and Web of Science as well as Google scholar. We also reviewed addi‑
tional evidence from relevant published articles.

Results:  It has been shown that exosomes can create the conditions for viral spread in viral infections. Exosome 
secretion in a human tumor virus can switch on the cell signaling pathways by transferring exosome-encapsulated 
molecules, including viral oncoproteins, signal transduction molecules, and virus-encoded miRNAs, into various cells.

Conclusion:  Given the role of exosomes in viruses-associated cancers, they can also be considered as molecular 
targets in diagnosis and treatment.
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Introduction
Due to their ability to induce cancers in individuals, 
infected human oncogenic viruses are responsible for 
developing several human cancers worldwide [1]. These 
oncoviruses, as etiological agents for several human 
malignancies, mainly include Epstein–Barr virus (EBV), 
hepatitis B virus (HBV), human T-lymphotropic virus 1 
(HTLV-1), human papillomaviruses (HPVs), hepatitis 

C virus (HCV), Kaposi sarcoma-associated herpesvirus 
(KSHV; also known as human herpesvirus 8 (HHV-8)) 
and Merkel cell polyomavirus (MCPyV) [2]. It is assumed 
that in about 15% of infectious cases with oncogenic 
viruses, various cancers can develop due to the improper 
functioning of the host immune system in eradicating the 
virus [3]. Following disruption of normal mechanisms for 
regulating cell growth and death after oncoviral infection, 
the cells proliferate uncontrollably, leading to cancer [4]. 
Most carcinogenic viruses cause chronic infections that 
last for years without overt symptoms and adapt to the 
host cell by altering cellular processes and immune sys-
tem escape mechanisms [5]. Immune system suppression 
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and incomplete immune supervision can compel unlim-
ited viral replication and increase the expression of viral 
proteins that disorganize the regulation of cell prolifera-
tion and induce tumorigenesis. Indeed, the expression 
of death receptors can be caused by the function of viral 
oncoproteins and activate extrinsic and intrinsic apop-
totic pathways [4]. Recently, it has been shown that the 
transfer of various bioactive molecules via exosomes 
derived from oncogenic virus-associated tumors plays a 
vital role in the improper function of the immune system 
and remodeling of the cellular microenvironment [6]. 
Exosomes are extracellular vesicles that were first identi-
fied by Harding et al. in 1983 and confirmed by Johnstone 
et  al. in 1987 [7, 8]. This smallest group of extracellular 
vesicles (30 and 150  nm in diameter) is surrounded by 
a lipid bilayer membrane and originates from multive-
sicular bodies secreted by different types of cells, such 
as virus-infected cells. Depending on the cellular source, 
state, and environmental conditions, exosomes are highly 
heterogeneous and dynamic in content, size, and mem-
brane composition [9]. The critical role of exosomes is 
material trafficking and information transfer among cells, 
representing a unique way for intercellular communi-
cation via load types of molecules, including signaling 
proteins and nucleic acids [6]. For instance, some onco-
genes or proteins are involved in activating tumor-related 
signaling pathways produced by oncoviruses carried by 
exosomes [10]. In fact, today, exosomes are considered 
as a mode of intercellular communication in addition 
to previously known methods, including direct cell–cell 
contact or direct transfer of secreted molecules [11, 12].

The role of exosomes in human oncogenic 
viruses‑associated cancers
It is now clear that exosomes mediate cell-to-cell com-
munication and biological information exchange via 
transmitting several molecules such as proteins and 
various types of nucleic acids (DNA, mRNA, microRNA 
(miRNA), long non-coding RNA (lncRNA))  between 
cancer cells and naive cells. In this regard, activation of 
tumor-related signaling pathways has been shown by 
some exosome material transported, including onco-
genes or related proteins [10]. It has been shown that 
secretion of exosomes in a human tumor virus can switch 
on the cell signaling pathways via the transfer of exo-
some-encapsulated molecules, including viral oncopro-
teins, signal transduction molecules, and virus-encoded 
miRNAs into various cells [13]. Although the association 
between the exosome and the virus is not well estab-
lished, facilitation and inhibition can be considered 
two important functions of exosomes in viral infection, 
leading to the spread of viral and cellular components 
and inhibiting the immune response. Indeed, exosomes 

can first create the conditions for spreading and infec-
tion [14] (Fig.  1). Then, viruses pursue different mecha-
nisms to pass immune system recognition and survive, 
and exosomes play an important role in this process. In 
other words, exosomes derived from oncogenic viruses 
can interfere with the patient’s immune responses via 
various functions, leading to remodeling of the cellular 
microenvironment and creating a favorable microenvi-
ronment for accelerating cancer progression and tumo-
rigenesis [15]. Some of this function include facilitate the 
growth, migration,  invasion of malignant cells [2, 13, 16, 
17], induce cell apoptosis [18], immune-regulatory [19], 
decrease anti-viral immune reaction [18], mediate the 
viral latency [13], promote cellular transformation and 
cancerization [13, 20], enhance virus-associated cellu-
lar transformation [21, 22], control self-replication [23], 
and alter host cell energy metabolism [20].

Hepatitis B virus (HBV)
Hepatitis B virus (HBV) is a partially double-stranded 
circular DNA virus that belongs to the Hepadnaviridae 
family and the Orthohepadnavirus genus and is a severe 
public health problem worldwide [24, 25]. In 2019, the 
World Health Organization (WHO) estimated that 
about two billion of the world’s population were living 
with HBV, with approximately 820,000  million deaths 
annually [26]. HBV infection can cause both acute and 
chronic hepatitis B (CHB) and 296 million people are liv-
ing with chronic infections. CHB can lead to the devel-
opment of liver cirrhosis and hepatocellular carcinomas 
(HCCs) [24, 27, 28]. In 2020, HCC is the sixth most prev-
alent cancer and the third most common cause of can-
cer deaths worldwide, with about 906,000 new cases and 
830,000 deaths annually [29].

Exosomes released by hepatocytes contribute to 
maintaining proper liver function and are mediators of 
intracellular communication in the liver cells [30, 31]. 
In recent years, it has been revealed that exosomes and 
their contents participate in regulating innate immune 
responses during HBV infection [32]. Mature HBV viri-
ons may bud into multivesicular bodies (MVBs) via an 
exosome-dependent pathway and significantly improve 
their transmission through cell-to-cell communication 
[33]. Increased secretion of extracellular vesicles (EV) 
is commonly observed in the serum of patients affected 
by early-stage fibrosis associated with CHB infection 
[34]. Several studies have demonstrated that exosomes 
released from the serum of CHB patients carry HBV 
nucleic acids and HBV proteins [33, 35]. It has been 
demonstrated that several viral proteins, including HBx, 
large S, core, and P proteins in exosomes secreted from 
HBV infected cells, including HepAD38 and Huh-7 cells, 
facilitate HBV spread [21, 30]. Exosomes containing viral 
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genes derived from HBV-infected hepatocytes led to 
increased expression of TIR domain-containing adaptor 
molecule-1 (TICAM-1), natural killer group 2 member 
D (NKG2D) ligand in macrophages through myeloid dif-
ferentiation factor 88 (MyD88), and mitochondrial anti-
viral signaling (MAVS)-dependent pathways, suggesting 
the importance of exosomes for natural killer (NK) cell 
activation to produce IFN-γ in the early stage of HBV 
infection and contribute to HBV clearance during acute 
HBV infection [33, 36, 37]. It is noteworthy that NK 
cells play a critical role in controlling HCC [37]. In CHB 
patients, exosomes can mediate HBV transmission into 
NK cells by Transforming growth factor-β (TGF-β) [35]. 
Researchers demonstrated that HBV-positive exosomes 
impair NK-cell functions, including IFN-γ production 
and the cytolytic activity, resulting in down-regulation of 
RIG-I in NK cells as well as decreased levels of Nuclear 
factor kappa B (NF-κB) and p38 mitogen-activated pro-
tein kinase (MAPK) [38]. Programmed cell death ligand 
1 (PD-L1) is a negative immunomodulatory molecule 
that inhibits T cell exhaustion, T-cell activation, impair-
ing cytokine production, and inducing the apoptosis of 
effector T cells [39]. Qun Liu explained the correlation 
between PD-L1-expression in patients with HCC [40]. 
Exosomes released by HBV-infected cells are endocy-
tosed by monocytes, causing the upregulation of PD-L1 

[33]. CD81, a promoter of tumor growth and metastasis, 
serves as a coreceptor for viral entry and is reported in 
exosomes [41]. The antiviral effects of HBV-neutralizing 
antibodies were diminished by CD81+ exosomes, result-
ing in HBV immune evasion [33]. Hepatocyte growth 
factor (HGF) is a multifunctional cytokine that activates 
several downstream signaling pathways to regulate cell 
proliferation, survival, motility, morphogenesis, differen-
tiation, invasion, angiogenesis, and apoptosis. The HGF 
plays a role in various biological processes, including 
liver regeneration and carcinogenesis [42]. Its levels are 
elevated during active HBV infection and have improved 
hepatocyte survival [43]. According to Jia et  al. study, 
HGF/MET is secreted from exosomes of HepAD38 cells 
[30] (Table 1).

Five substances were up-regulated in HCC cell-derived 
exosomes, including ephrin-B2 (EfnB2), delta-like 4 
ligand (DLL4), angiopoietin-2 (Ang2), circ-100338, and 
Vasorin (VASN), which have been verified to have links 
with active endothelium-dependent angiogenesis. The 
notch signaling pathway is crucial for cell prolifera-
tion, differentiation, and survival [53]. Two of the Notch 
signaling pathway components DLL4, a transmembrane 
ligand for the Notch, and ephrin-B2, a downstream of 
DLL4/Notch, have recently appeared essential in arterial 
differentiation of endothelial cells (ECs). Ephrin-B2 and 

Fig. 1  Schematic representation of the mechanism of exosomes during the formation of cancer by viruses. For more details refer to the text
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DLL4 could be delivered into endothelial progenitor cells 
(EPCs) through exosomes to promote tumor angiogen-
esis [54, 55]. Kongkavitoon et al. showed a link between 
HBx and DLL4-Notch1 in regulating cell survival in 
HCC. MEK1/2, phosphatidylinositol 3-kinase (PI3K/
AKT), and nuclear factor kappa B (NF-κB) pathways are 
required for HBx-mediated DLL4 up-regulation [56]. 
Ang2 is an angiogenic factor that, through its coopera-
tion with the vascular endothelial growth factor (VEGF) 
pathway, plays a crucial role in angiogenic remodeling 
and is closely related to the development and prognosis 
of HCC [57, 58] via the up-regulation of protein kinase 
B (AKT) endothelial nitric oxide synthase (eNOs) as well 
as AKT/β-catenin signaling pathways [59]. Sanz-Cameno 
et  al. showed that  Ang2 expression was up-regulated 
at both mRNA and protein levels in the liver of CHB 
patients [60]. A high exosomal circ-100338 level was 
detected in high-metastatic HCC cells compared with 
low metastatic HCC cells. Unlike the abovementioned 
substances, circ-100338 not only promoted ECs prolif-
eration but increased angiogenesis and cell invasion abil-
ity [61]. Several studies observed that circRNA-100338 is 
a biomarker for prognosis in HBV-related HCC [62–64]. 
Several studies suggested that serum exosomes and their 
microRNAs serve as biomarkers for HCC screening and 
may be related to diseases caused by HBV [65]. In HBV-
associated  HCC, have shown that  increased expression 

levels of miRNAs in exosomes such as miR-21, miR-29a, 
miR-429, miR-212, miR-210, miR-18a, miR-221, miR-
222, and miR-224. These miRNAs act by dysregulating 
DNA damage, promoting tumor angiogenesis, and sup-
pressing antiviral activity [66–71]. The endosomal sort-
ing complex required for transport (ESCRT) machinery 
is involved in several cellular activities, including MVB 
biogenesis, cellular abscission, and viral budding [72]. 
Vacuolar protein sorting A (Vps4A), the terminal ATPase 
of the ESCRT machinery, acts as a tumor suppressor by 
influencing the microRNA profiles of exosomes and is 
down-regulated in HCC tissues [73, 74]. In this regard, 
several studies have shown that the Vps4A is recruited 
explicitly by the HBV-specific endoplasmic reticu-
lum (ER) [75] and can inhibit HBV replication [76, 77]. 
A depth understanding of the molecular mechanisms 
between HBV and HCC may make it possible to predict 
their outcomes more accurately and give new insights 
into therapeutic strategies. The role of exosomes suggests 
that we can modify exosomes for use in HBV treatment.

Hepatitis C virus (HCV)
Hepatitis C virus (HCV) is an enveloped single-stranded 
RNA belonging to the Flaviviridae family and the Hepa-
civirus genus [78]. HCV infection can be an acute or 
chronic infection that affects more than 71 million indi-
viduals globally [79]. In 2019, the WHO estimated that 

Table 1  Viral exosome in virus-associated cancer

Virus Exosome 
diameter 
(nm)

Exosome viral Exosome marker Targets Functions References

HBV 50–100 HBx, large S, core, and P 
proteins

CD9/CD63 HepAD38, Huh-7 Enhance virus-associated 
cellular-transformation

[21, 30]

HCV 30–150 NS3/4 protease, E2, Core, 
genomic RNA

CD9/CD63/CD81, Hsp70/
CD63, CD81/AchE, CD63

Treg cells Transmit HCV and enhance 
persistent infection, Promote 
HCV productive infection

[44]

EBV 40–100 miR-BHRF1-3, miR-BART15-
3p, miR-BART13-3p, LMP-1, 
LMP-2A, EBERs

HSC70, flotillin-2, CD9, CD81, 
CD63

CXCL11, BRUCE, 
NLRP3, LMP1, ABI2

Immune-regulatory, Induce 
cell apoptosis, Decrease 
anti-viral immune reaction, 
Mediate the viral latency, 
Facilitate the growth, 
migration, and invasion of 
malignant cells

[2, 45, 46]

HPV 50–200 E6/E7, p16, Survivin Syntenin p53, pRb Promote cellular transforma‑
tion and cancerization

[47, 48]

HTLV-1 70–100 Tax, HBZ, gp61, Env CD45, CD43 CTLL-2, PBMCs Cell cycle progression, cell 
survival, transcription and 
cell proliferation signaling 
pathways regulation

[49, 50]

KSHV 50–150 miRK12-3-5p, miR-K12-2-5p, 
mir-10b-5p, mir-143-3p

CD63 EGLN1,EGLN2,HSPA9 Alter host cell energy 
metabolism

[51]

MCPyV 30–150 CircALTOs, gelsolin, periostin 
and thrombospondin, LT-ag

CD63,CD81 MCC, RBPJ, p53 Transcriptional enhancer, 
increase proliferation and 
pathogenicity

[52]
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58 million people have chronic HCV infection, with 
approximately 290 000 deaths [80]. Chronic HCV infec-
tion causes additional liver damage, such as hepatitis, cir-
rhosis, and 31% of all HCCs [28]. Exosomes have recently 
been a viable option for HCV transmission between liver 
cells [81, 82]. To establish viral infection, exosomes can 
also successfully transfer HCV RNA to dendritic cells 
(DCs) [81]. In several studies, exosomes obtained from 
the plasma of HCV-infected individuals and hepatocyte-
derived exosomes contained HCV RNAs [83–85]. Maliha 
Ashraf Malik et al. confirmed that HCV hijacks the exo-
somal pathway for the secretion of viral particles [41]. 
An exciting study has shown that regulatory T (Treg) 
cells play an essential role in mediating the motility and 
progression of HCC via inducing the TGF-β1 signal-
ing pathway and epithelial-mesenchymal transition [86]. 
Exosomes released by hepatocytes after HCV infection 
can increase the number of Treg cells, thereby reducing 
the viral immune responses of the body and preventing 
HCV clearance [82]. Long non-coding RNAs (lncRNAs) 
are strongly linked to the progression of HCV-related 
HCC [87]. High expression in hepatocellular carcinoma 
(HEIH) is a lncRNA that acts as a tumor promoter by 
accelerating HCC progression [88]. Zhang et  al. found 
that expression of HEIH-lncRNA increased in both 
serum and exosomes in patients with HCV-related HCC 
[89]. Inflammation and immunosuppression are among 
the causes of HCC [90]. Myeloid-derived suppressor cells 
(MDSCs) play a crucial role in immune response regu-
lation. LncRNA-RUNX1 overlapping RNA (RUNXOR) 
is associated with the immunosuppression mediated by 
MDSCs, and RUNXOR expression was negatively cor-
related with the percentage of T helper type 1 (Th1) and 
cytotoxic T cells (CTLs) cells in the peripheral blood [91]. 
HCV-related exosomes induce expressions of RUNXOR 
and RUNX1 [92].

After HCV infection, transferrin receptor 2 (TfR2) 
overexpression increases in hepatocytes. Exosomal TfR2 
can cause liver iron overload by activating the p38MAPK 
and extracellular regulated kinase 1/2 (ERK1/2) signal-
ing pathways. In HCV-infected hepatocytes, TfR2 even-
tually leads to a greater range of cirrhosis and promotes 
HCC progression [82]. Like HBV, HCV is associated with 
CD81+ in exosomes [41] (Table 1). CD81, a promoter of 
tumor growth and metastasis, serves as a co-receptor for 
viral entry. This content suggests that exosomes contrib-
ute to the progression of HCC and can also be helpful in 
the development of novel therapeutic strategies in the 
future.

Epstein–Barr virus (EBV)
Epstein–Barr virus (EBV) is a member of the herpes 
virus family known as human herpesvirus 4 (HHV-4). It 

is one of the most widespread human viruses, with cases 
reported worldwide. Many people are infected with EBV 
while they are young. The most typical way for EBV to 
spread is through body fluids, particularly saliva. How-
ever, it may be transmitted by blood and semen during 
sexual intercourse, blood transfusions, and organ trans-
plantations [93]. The virus is thought to be present in 
more than 90% of the world’s population, based on epi-
demiological research [94]. EBV enters a latent phase in 
B lymphocytes following primary infection after initial 
infection. The primary infection occurs during asymp-
tomatic childhood, but it could lead to infectious mono-
nucleosis (IM) [95]. Furthermore, other diseases related 
to this virus include Hodgkin’s lymphoma, Burkitt lym-
phoma (BL), post-transplant lymphoproliferative dis-
orders (PTLD), nasopharyngeal carcinoma (NPC), and 
gastric cancer [96]. EBV has a double-stranded DNA 
genome around 172  kb long and encodes more than 85 
genes [97].

In recent years, several works have been done on the 
role of exosomes in cancer development and dissemina-
tion due to their capacity to communicate across cells [2, 
98]. It is fascinating that the role of exosomes in EBV 
infection and persistence has been less well-understood 
until now. EBV-associated exosomes may be loaded with 
numerous EBV-related proteins and genes that may con-
tribute to cancer development. According to the available 
evidence, EBV-associated exosomes carry a range of viral 
components, including latent membrane protein 1(LMP-
1), latent membrane protein 2A (LMP-2A), Epstein–Barr 
virus-encoded small RNAs  (EBERs), viral RNAs, miR-
NAs that may enhance EBV infection [2, 13, 16, 98–100]. 
Therefore, it is crucial to understand the biology of 
exosomes in the pathogenesis of EBV infection. It was 
found that exosomes have been shown to play a key role 
in EBV infection and transmission [101, 102]. However, 
there is little data regarding the roles of EBV product-
containing exosomes in cancer development, which have 
been partly described in several studies [16, 98, 103, 104]. 
For example, it has been shown that exosomes extracted 
from EBV-infected NPC cells contain LMP-1 and 
hypoxia-inducible factor-1a (HIF1a), which play a role in 
NPC tumor development and progression [2, 99]. 
Because most EBV-associated exosomes are found in 
virally infected cells, they might help EBV manipulate the 
surrounding tumor microenvironment to promote tumor 
growth and survival. The findings of Ahmed et  al., who 
found that EBV might hijack the exosomal pathway for 
viral egress and immune evasion, back up this theory 
[105]. LMP-1 and LMP-2 appear to have an impact on 
both viral and cancer pathogenesis, according to evi-
dence. The LMP-1 is the most common viral oncogene in 
EBV-related malignancies and is a potent cancer driver. 
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Exosomes from EBV-infected cancer cells may include 
this oncoprotein, which means it can be transported 
from producer to recipient cells through exosomes [2, 13, 
106–108]. The exact process by which LMP1 is loaded 
into exosomes is unknown. In a study conducted by Kob-
ayashi et al., it was found that LMP-1 is linked to ubiqui-
tin C-terminal hydrolase-L1 (UCH-L1) and is directed to 
the exosomes via C-terminal farnesylation of UCH-L1 
[106]. This finding suggestes that inhibiting farnesylation 
with particular inhibitors limits cancer invasion by block-
ing exosome-mediated LMP1 transfer during cancer cell-
to-cell interactions. Aga et  al. illustrated a significant 
connection between LMP-1 protein levels and the exoso-
mal marker CD63 in NPC tumor tissues, indicating that 
LMP-1 up-regulates the exosomal release during NPC 
progression [2]. Because of LMP-1 capacity to activate 
several cell signaling pathways that promote cell prolifer-
ation, angiogenesis, and survival, it is thought to play a 
key role in NPC pathogenesis. It also impacts antigen 
presentation, cell–cell interactions, and the production of 
cytokines and chemokines [109]. According to the find-
ings, exosomes containing LMP-1 may increase EBV 
pathogenesis via downregulating antiviral immune 
responses when EBV infection is established in the target 
cells. It exerts potential immunosuppressive effects to 
ensure tumor cells proliferate. LMPs play a vital role in 
suppressing T cell immunological activities by up-regula-
tion of PD-L1 through signal transducer and activator of 
transcription 3 (STAT3), activator protein 1(AP-1), and 
NF-κB pathways [110]. In this regard, several studies 
have shown that exosomes containing LMP-1 derived 
from EBV-infected lymphoblastoid and NPC cells sup-
press T lymphocyte activation and inhibit T cell prolifer-
ation, which occurs via the inhibitory motif of LMP-1 
transmembrane domain [99, 111]. In agreement with this 
study, Flanagan et  al. illustrated that exosomes contain-
ing LMP-1 could inhibit peripheral blood mononuclear 
cells proliferation, suggesting that LMP-1 is involved in 
immunological regulation. They also showed that in EBV-
associated tumors, exosomes containing LMP-1 might be 
taken up by infiltrating T-lymphocytes and give the anti-
proliferative effect of LMP-1. As a result, the tumor cell 
escapes from the immune system [112]. Another study 
performed by Mrizak et al. revealed that EBV + exosomes 
could exert immunosuppressive effects via regulatory T 
cells (Treg) recruitment into the NPC tumor. They 
showed that C–C Motif Chemokine Ligand 20 (CCL20) 
plays an important role in Treg recruitment into NPC 
tumors [100]. Another work showed that LMP-1 pro-
motes the expression of fibroblast growth factor 2 (FGF-
2), as a potent angiogenic factor involved in tumor 
invasion, in exosomes derived from cells co-transfected 
with FGF-2 and LMP-1 [113]. In another study, it was 

observed that LMP-1-containing exosomes from NPC 
cells could induce active ERK and AKT signaling path-
ways in the recipient cells [13]. According to studies, ERK 
and AKT improve cell proliferation or oncogenic trans-
formation [114, 115]. Furthermore, Nanbo et al. showed 
that exosomes containing LMP-1 derived from type III 
latency cells upregulate proliferation and intercellular 
adhesion molecule 1 (ICAM-1) in recipient cells com-
pared to exosomes derived from EBV-negative and type I 
latency cells [17]. Similarly, the findings show that LMP-1 
enhances the release of epidermal growth factor receptor 
(EGFR) into exosomes, and as a result, these exosomes 
are taken up by endothelial and epithelial cells, resulting 
in the activation of ERK and PI3K/Akt pathways [13]. The 
EGFR is a crucial factor in epithelial cancers, and its acti-
vation promotes tumor development, invasion, and 
metastasis [116]. According to these findings, the effect 
of LMP-1 on EGFR is a crucial element in EBV-mediated 
carcinogenesis. Gutzeit and co-workers showed that 
exosomes derived from the DG75 Burkitt’s lymphoma 
cell transfected with LMP-1 could be bound to human B 
cells within peripheral blood mononuclear cells (PBMCs), 
increasing proliferation and inducing B cells’ differentia-
tion into a plasmablast like phenotype [117]. This study 
illustrated that exosomes containing LMP-1 might influ-
ence B cell development. These findings may shed insight 
on the key role of exosomal LMP-1 in the growth and 
progression of a variety of EBV-related malignancies. 
LMP2A was also found to be secreted from cells in 
exosomes. In EBV-infected cells, LMP2A has been linked 
to viral latency and pathogenesis [118]. Studies have 
shown that many oncogenic signaling pathways, includ-
ing PI3K/Akt, MAPK/ERK, and NF-kB, are activated by 
LMP2A [119]. Lupus antigen (La) is a widely distributed 
cellular protein that binds to RNA and is mostly found in 
the nucleus. Exosomes have also been shown to release 
this protein outside of the cell. In EBV-infected B cell, 
EBER binds to La protein in EBV-infected B cells, and 
since La protein is exported outside the cell via exosomes, 
EBER has been found in exosomes as well [120]. Accord-
ing to the findings of this research, Baglio et al. reported 
that cell-to-cell transmission of EBER occurs via 
exosomes using interacting with La protein and, as a 
result the virus escapes cytosolic detection in cells [121]. 
Another study illustrated that exosomes carrying EBER 
could increase the expression of indoleamine 2,3‑dioxy-
genase (IDO) in human monocyte‑derived macrophages 
(MDMs), which in turn might lead to suppression of the 
proliferation of T lymphocytes and diminish the cytolytic 
activity of CD8 + T cells [122]. Thus, exosomes contain-
ing EBER derived from EBV-infected cells may promote 
carcinogenesis by suppressing cellular immunity. 
Exosomes released by infected cells can transport EBV 
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miRNAs. MiR-BamHI A rightward transcript (miR-
BART) is one of the most well-known among them. The 
miR-BART is highly expressed in EBV-related cancers, 
indicating that it plays a role in carcinogenesis. This 
miRNA has mostly been studied in NPC, where it is 
thought to have a role in virus latency, cell proliferation, 
metastasis, and apoptosis, as well as the control of tumor 
cell metabolism and immune evasion [123]. The most 
common miR-BART in NPC is MiR-BART13-3p, which 
appears to be the best performing NPC-selective marker 
in diagnostic serum analysis. NPC C666.1 cells secrete a 
panel of EBV-BARTs via exosomeswhich miR-BART13-
3p is abundantly present in these exosomes [45]. MiR-
BART13-3p has been shown to be substantially expressed 
in NPC patients, particularly those with severe illnesses. 
Upregulated expression of miR-BART13-3p allows NPC 
cells to migrate and invade more effectively, resulting in 
tumor metastasis. It drives epithelial-mesenchymal tran-
sition (EMT) by the activating c-JUN/SLUG signaling 
pathway and targeting ABI2, a tumor suppressor and cell 
migration inhibitor [46]. Another EBV miRNA that is 
loaded into exosomes is miR-BART3. MiR-BART3 was 
abundantly expressed in NPC cells, and it directly targets 
3′-untranslated region of tumor suppressor gene DICE1 
(DDX26), which led to down-regulation of DICE1 
expression as a result to promote cellular growth and 
cancer development [124, 125] (Table  1). According to 
the above mentioned, these findings suggest that 
exosomes contribute to progression of EBV associat-can-
cer and can be used as diagnostic markers and may help 
to devise novel therapeutic in the future.

Human papilloma virus (HPV)
Human papillomavirus (HPV) is the most common sexu-
ally transmitted infection, and is the leading cause of 
cervical cancer. It is well known that nearly 98% of cer-
vical cancers are directly linked to HPV. Cervical can-
cer is the fourth most diagnosed malignancy in women 
and the fourth leading cause of cancer mortality. Glob-
ally, an estimated 570,000 cases were diagnosed in 2018, 
leading to 311,000 deaths [126]. The HPVs genome is 
circular and double-stranded DNA around 8  kb in size 
and encodes eight genes, two of which have transforma-
tive properties (E6 and E7). The oncoproteins E6 and E7 
are required for malignant transformation [37]. The E6 
protein is hypothesized to stimulate cell proliferation 
by causing the tumor suppressor protein 53 (p53) to be 
degraded. The E7 protein attaches to the retinoblastoma 
tumor suppressor protein (pRb) with a considerably 
greater affinity, disrupting the connection between Rb 
and E2 factor (E2F), resulting in the release of E2F fac-
tors in their transcriptionally active forms [127]. Until 
now, the role of exosomes in HPV infection is not clear. 

Studies have shown that HPV E6/E7 mRNAs are present 
in exosomes derived from HPV-infected patients [47]. In 
another study conducted by Kannan et al., it was shown 
that HPV-16-E7 protein was present in the circulating 
exosomes of numerous HPV16-associated oropharyn-
geal cancer cells. They found that the secreted exosomes 
from these cells containing HPV16-E7 protein increased 
invasion and induced EMT of non-tumorigenic mam-
mary epithelial cells [20]. There is mounting evidence 
that HPV E6/E7 oncoproteins significantly impact the 
miRNA expression of cancer-related cellular miRNAs. 
These oncoproteins also influence the expression of 
secretory miRNAs in HPV-infected cells’ exosomes [47, 
128]. HPV can modify the composition of exosomes, 
which might have significant ramifications for the inter-
cellular communication of virally transformed cells. 
In this regard, Honegger et  al. showed that HPV E6/E7 
oncogene expression silencing significantly impacts the 
composition and amounts of exosomes released by HPV-
positive cancer cells. They investigated the impact of 
HPV E6/E7 gene silencing on Survivin in HeLa-derived 
exosomes associated with human cancer development 
[48]. Ludwig et  al. reported that exosomes containing 
HPV isolated from supernatants of the head and neck 
cancer (HNC) cell lines carried E6/E7, p16, and Sur-
vivin [129]. The Survivin has a key role in enhancing 
cellular proliferation, apoptosis inhibition, survival, and 
tumor cell invasion, and it can release from cancer cells 
via exosomes [130]. In a study conducted by Honegger 
et  al., E6/E7 silencing effects on miRNA levels derived 
from exosomes secreted from HPV-positive cancer cells 
were evaluated. They illustrated that E6/E7 silencing 
significantly affects some miRNAs in HPV18-positive 
HeLa cells via dysregulation of them, which controls cell 
proliferation and apoptosis. In this study, seven-miRNA 
were investigated and the result showed that miRNAs 
let-7d-5p, miR-20a-5p, miR-378a-3p, miR-423-3p, miR-
7-5p, miR-92a-3p were downregulated, but miRNA miR-
21-5p was up-regulated [131]. Consistent with this study, 
the result of study conducted by Harden et al. imply that 
HPV E6/E7 oncoproteins expression changes the expres-
sion of miRNAs secreted in exosomes derived from 
human foreskin  keratinocytes  (HFKs) [132]. Another 
study reported that in exosomes isolated from HPV-pos-
itive cells, E6/E7 oncoprotein expression can induce the 
deregulation of expression of some miRNAs involved in 
tumorigenesis and, as a result, in the tumor cell micro-
environment, they can enhance the virus’s oncogenic 
activities [47]. Chiantore et  al. discovered that some 
miRNAs implicated in carcinogenesis such as miR-18a, 
-19a, -34a and -590-5p were deregulated in K16 and K38 
cells infected with HPV16 and HPV38 [133]. MiRNA-
21 is involved in cervical cancer oncogenesis. Liu et  al. 
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showed that the expression of exosomal miRNA-21 is 
significantly higher in HPV-positive than HPV-negative 
normal groups. This suggests that HPV infection can 
up-regulate of miRNA-21 to develop cervical cancer 
[134]. To get the carcinogenic property, the miRNA pro-
files of some exosomes are altered. Wu et  al. illustrated 
that in exosomes isolated from the cervical-vaginal fluid 
infected with HPV16, some exosomal miRNAs related 
to the development of cervical cancer were deregulated. 
In this study, 45 miRNAs are highly upregulated and 55 
miRNAs are considerably downregulated after infec-
tion with HPV16 compared to the uninfected samples 
[135]. MiR-92b-5p has been discovered to increase cer-
vical cancer cell proliferation and invasion [136]. Tong 
et  al. found that the expression of miRNA-92b-5p was 
significantly upregulated in exosomes derived from cells 
lines infected with HPV [137]. Furthermore, Studies 
reported that proinflammatory cytokine IL-36γ is pre-
sent in exosome isolated frompolyinosinic:polycytidylic 
acid (Poly(I:C))-treated keratinocytes. The poly (I:C)-
stimulated expression of some pro-inflammatory genes 
was reduced by HPV. As a result, HPV may suppress 
IL-36γ expression in exosomes [138]. It has been made 
clear that IL-36γ has strong antitumor effects [139]. 
Zhang et  al. showed that exosomal lncRNAs HOTAIR, 
MALAT1, and MEG3 expression were observed in cer-
vicovaginal lavage samples of cervical cancer-derived 
exosomes in HPV-positive normal and cancer patients 
[140]. These lncRNAs are associated with cancer pro-
gression, proliferation, metastasis, and invasion [141]. In 
a study performed by Lin et  al., the effect of HeLa cell-
derived exosomes on endoplasmic reticulum (ER) stress 
and tight junctions (TJ) proteins zonula occludens-1 
(ZO-1) and Claudin-5 (CLDN5) in human umbilical vein 
endothelial cell (HUVEC) was evaluated. They found that 
exosomes derived from HeLa cells promoted metasta-
sis via increased expression of genes involved in the ER 
stress and decreased the expression of proteins associ-
ated with tight junctions ZO-1 and CLDN5, resulting in 
endothelial integrity breakdown [142]. Liang et al. identi-
fied the Wnt-2b protein in exosomes derived from SiHa 
and HeLa cell lines. They found that fibroblasts take up 
the exosomes containing Wnt-2b protein and this causes 
the fibroblasts to be activated and converted to cancer-
associated fibroblasts through the Wnt/-catenin signal-
ing pathway, which in turn leads to increasing migration 
and proliferation of these cells. In this study, it was shown 
that Wnt-2b protein to be found at high levels in serum 
exosomes from cervical cancer patients compared to 
healthy controls [143] (Table 1). With taking everything 
into consideration, the findings suggest that due to the 
role of exosomes in HPV related- cervical cancer, they 
can be used for therapeutic and diagnostic purposes.

Human T‑lymphotropic virus type 1 (HTLV‑1)
Human T-lymphotropic virus type 1 (HTLV-1), as the 
causative pathogen of Adult T-cell leukemia/lymphoma 
(ATLL), is the first discovered blood-borne human onco-
genic retrovirus [144]. This virus is also associated with 
other progressive diseases such as HTLV-1-associated 
myelopathy/tropical spastic paraparesis (HAM/TSP) 
and inflammatory diseases such as HTLV-1-associated 
uveitis [145]. HTLV-1 encodes different genes, includ-
ing the structural genes (gag, pro, pol, and env) and 
non-structural genes (Tax) [146]. HTLV-1 Tax acts as a 
transactivator and multifunctional protein [147]. It can 
play a role as the most important virus protein in tumo-
rigenesis by affecting cell cycle progression, cell survival, 
transcription and cell proliferation signaling pathways 
regulation, and exosomes and their contents as com-
ponents in cellular communication [148, 149]. Since 
exosomes are heterogeneous and differ in size and cargo, 
knowing their size and contents clarifies their role in 
pathogenesis and cancer development [49]. Proteomic 
analysis of exosomes derived from HTLV-1-infected 
cells in plasma determined that the exosomes are in large 
quantities (100–200 × 109  particles/mL), have a small 
size (around 70 nm), and have different cargos [49]. The 
HTLV-1 takes advantage of exosomes derived from the 
infected cells by targeting T cells in ATLL, as the virus-
infected cells have been shown to secret exosomes con-
taining viral Tax protein [50]. Besides Tax protein, these 
exosomes can carry multiple hosting factors and viral 
components, including cellular proteins, mRNA, micro-
RNA, proinflammatory mediators, and viral mRNA 
transcripts such as Tax, HBZ, gp61, and Env [49, 150]. 
Tax protein-carrying exosomes promote cell–cell com-
munication and enhance viral spread to other parts, 
thereby promoting the survival of non-infected cells and 
exosome-recipient cells against Fas-mediated apoptosis 
by inducing cFLIP and NF-κB activity [148]. In addition, 
these exosomes play an important role in increasing the 
survival of CTLL-2 and PBMCs cells under stress con-
ditions by phosphorylating and activating the AKT and 
Rb, respectively [148, 150]. Together, these processes, in 
addition to spreading the virus to more normal cells and 
facilitating the increase in the pathogenesis of the virus, 
may provide better conditions for the formation and pro-
gression of ATLL via activating the mentioned factors 
such as NF-κB, AKT, Rb and also preventing apoptosis. 
The behaviors of ATLL exosomes in cargo transmission 
are similar to the hormone signaling pathways and act as 
an endocrine, paracrine and autocrine mechanism [151]. 
For example, similar to the endocrine mechanism, ATL-
derived exosomes carrying Tax and other tumorgenesis-
associated factors such as miR-21, miR-155, and vascular 
endothelial growth factor (VEGF) and their delivery to 
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mesenchymal stem cells (MSCs) can cause changes in 
their morphology [152]. They can also enhance the MSCs 
proliferation and increase the expression of those genes 
involved in migration, such as matrix metalloprotein-
ase-9 (MMP-9) and chemokine receptor type 4 (CXCR-
4), and factors involved in VEGF [152].

Moreover, these exosomes can activate the NF-κB 
pathway in MSCs, and by activating it, its target genes, 
which are involved in cell proliferation, migration and 
angiogenesis, are also activated [152]. In the paracrine 
mechanism, the ATLL EVs probably operate within 
the tumor microenvironment and can exert their effect 
on neighboring cells [49, 153]. Although few studies 
have been conducted on the mechanism of autocrine in 
HTLV-1-infected cells, a 2015 study by Lavorgna et  al. 
[26] found that Tax oncoprotein stimulates an autocrine 
loop through IL-17RB-NF-κB signaling and is encap-
sulated to help self-renewal of infected cells which is 
essential for leukemogenesis of HTLV-1. Although no 
drug is approved to prevent the biogenesis and activity 
of exosomes, approaches based on the manufacture and 
development of these drugs might provide therapeutic 
benefits to ATLL patients [49] (Table 1).

Kaposi’s sarcoma‑associated herpesvirus (KSHV)
Kaposi’s sarcoma-associated herpesvirus (KSHV) belongs 
to the subfamily of Gammaherpesvirinae and is also 
known as human herpesvirus 8 (HHV8) [154]. Due to 
its association with tumors such as Kaposi Sarcoma (KS) 
and primary effusion lymphoma (PEL), it is known as an 
oncovirus [155]. This virus usually initiates its pathogen-
esis and tumorigenesis by altering the metabolic condi-
tions of infected host cells and neighboring non-infected 
cells [156, 157]. In this regard, exosomes are one of the 
favorite tools of gamma herpes viruses. Using them can 
manipulate the tumor microenvironment through three 
processes: regulation of downstream signaling pathways, 
lack of recognition by the immune system, and transfor-
mation of cells [158]. Some studies have reported that 
these viruses have significant impacts on the content 
of exosomes and their cargo and that these alterations 
have the potential to spread viral infection, metabolism, 
translation, migration, and chromatin modeling and 
enhance tumorigenesis [159]. As KSHV-infected cells 
mainly express viral genes located within the latency-
associated region, it has been found that among these 
viral genes, 12 viral-encoded miRNAs [160]. These miR-
NAs are detected from patients’ serum, plasma and other 
body fluids and were packaged inside microvesicles and 
exosomes for stability [51]. Therefore, miRNAs are con-
sidered one of the most important cargos carried by 
exosomes derived from KSHV-infected cells, including 
KSHV-encoded miRNAs and host miRNAs [51]. Hoshina 

et.al’s study showed that almost half the miRNAs (48%) 
inside the exosomes are KSHV-encoded miRNAs [161], 
which the highest expression is related to miRK12-3-5p 
and among the human miRNAs, miR-17–92 cluster, mir-
10b-5p and mir-143-3p were reported as the most abun-
dant in exosomes [51, 161]. Some investigations using 
various methods such as detailed bioinformatics analysis 
of the genome (Gene ontology) have shown that these 
exosomal miRNA and oncogenic exosomes can medi-
ate virus pathogenicity by affecting different signal path-
ways, the metabolic activity of the target cells and other 
factors such as cytokines and complement system, lead-
ing to the development of virus-associated tumors [51, 
158, 160]. Aerobic glycolysis or reverse Warburg effect 
and the Warburg effect mechanism are important meta-
bolic activities affected by the KSHV-encoded miRNAs 
and exosomal miRNA in infected and uninfected cells, 
respectively [160]. Induction of aerobic glycolysis and the 
Warburg effect leads to the survival of infected and non-
infected cells in conditions of hypoxia and supports their 
growth by stimulating the secretion of energy-rich mol-
ecules such as lactate and pyruvate [160, 162, 163]. Also, 
these mechanisms cause the acidification of tumor cell 
condition by increasing H + ions in the tumor microen-
vironment, which helps to enhance the invasion of tumor 
cells [158].

Signaling molecules and pathways are another target of 
exosomal miRNAs which can facilitate the virus tumo-
rigenesis. The signaling molecules and pathways such as 
the PI3K/Akt, MAPK, Wnt, TGF-β, focal adhesion and 
adherens junctions, can be affected by exosomal miR-
NAs [158]. All these synergically increase KSHV-related 
tumors [158]. Cytokines disruption is a complex aspect 
of virus-associated tumorigenesis utilized by exosomes, 
which eventually promotes malignancy conditions. For 
example, exosomes can target upstream factors involved 
in regulating interleukins 6, 10, and 1α, resulting in 
a decrease in their levels and subsequently reducing 
inflammation and impairment in recognizing the virus 
by the immune system [158, 164]. On the other hand, 
exosomes may cause upregulation in cytokine secretion 
(such as IL-6) and ultimately enhance cell migration in 
malignancy conditions [51]. The complement system, 
another part of the immune response, can be affected by 
exosomes, playing a role in cancer progression. Investi-
gations have demonstrated that exosomes can contribute 
to inflammation and the progression of KSHV-associ-
ated tumors through activating C3 complement proteins 
and properdin [165]. Finally, using this communica-
tion mechanism (exosomes) by the KSHV, transmitting 
genetic material, and spreading the infection in non-
infected cells causes these cells to remain uninfected and 
unrecognizable by the immune system [160] (Table 1).
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Merkel cell polyomavirus (MCPyV)
Merkel cell polyomavirus (MCPyV) is a small virus 
belonging to the Polyomaviridae family and is considered 
a human oncogenic virus [166]. This virus was discov-
ered in 2008 and accounted for the causative role of the 
virus in the progression of Merkel cell carcinoma (MCC) 
[166]. MCC is a vital skin malignancy that may be fatal 
if not treated early due to the high ability of invasion 
and metastasis of tumor cells [167]. There is no defini-
tive treatment for this cancer, and some treatments, such 
as immunotherapy to arrest cancer from progressing, 
have failed [168]. Therefore, recognizing the biomarkers 
involved in this cancer is urgent and they have been sug-
gested to help MCC screening, early diagnosis, progno-
sis, and predictive value of MCC [168].

Researches recognize exosomes as one of the essential 
biomarkers involved in this cancer, the contents of which 
have been studied using high-throughput approaches 
and other methods. Various studies have shown that 
MCPyV–positive MCC cell lines’ exosomes are differ-
ent in content from MCPyV-negative MCC cell lines’ 
exosomes, which can affect cancer progression [168]. 
Cargos loaded inside the exosomes play an essential role 
in the tumorigenic properties of MCPyV and the spread 
of its carcinogenesis in normal cells and cancer cells. 
Some Cargos, which have been evaluated in one study 
by Ida et al., include the proteins gelsolin, periostin and 
thrombospondin [169]. As secreted matricellular pro-
tein, Periostin is up-regulated in some human cancers 
and contributes to tumorigenesis through metastasis 
[169, 170]. Thrombospondin is another matricellular 
protein released from platelets by stimulating thrombin 
[169]. Despite the fact that studies have suggested an 
anti-tumor role for thrombospondin, in some conducted 
works, invasive properties of human cancer cells is attrib-
uted to this element and its high expression in exosomes 
derived from MCC cells has been mentioned [169, 171, 
172]. Gelsolin is a protein that plays a crucial role in 
regulating the actin filament assembly and disassem-
bly. Several studies have reported its role in increasing 
the tumorigenesis of oral, lung and colorectal cancers. 
MCPyV  large T-antigen (LT-ag) oncoprotein has been 
shown to increase MCC by inducing the promoter activ-
ity of these three genes and consecutively increasing the 
expression of these oncoproteins [169]. Moreover, these 
proteins contribute to tumor expansion by enrichment 
within the MCC-derived exosomes [169].

As a constant cargo in many exosomes, miRNAs are 
also present in MCC-derived exosomes and contrib-
ute to tumorigenesis by influencing other factors [173]. 
For example, in a study in 2010, it was found that miR-
375 enrichment in MCC-derived exosomes can cause 
downregulation the expression of two key factors of 

recombination signal binding protein for immunoglobu-
lin kappa J region (RBPJ) and Tumor protein p53 (TP53) 
in fibroblast polarization. Low RBPJ and TP53 expression 
and inducing  of fibroblast polarization provide a pro-
tumorigenic microenvironment [174]. Circular RNAs 
(circRNAs) are single-stranded RNAs that, in addition 
to eukaryotes, can be generated by various oncoviruses, 
such as EBV, HPVs and MCPyV. These RNAs can show 
different functions by translating to different proteins 
[175]. CircRNAs, are another component of exosomes 
derived from virus-positive Merkel cell carcinoma (VP-
MCC) generated  by the MCPyV and affect the tumo-
rigenic properties of the virus. It has been reported that 
circRNAs generated by MCPyV in cell lines and patient 
tumors encode the alternative large T antigen open read-
ing frame (ALTO) protein as part of the early region 
[175]. CircALTOs are enriched in exosomes derived from 
VP-MCC and can function as a transcriptional enhancer 
and increase proliferation and pathogenicity of MCPyV 
in surrounding cells and affect genes and pathways 
related to DNA oncovirus [175] (Table 1).

Attractive prospects of exosomes for diagnostic 
and therapeutic of human oncogenic viruses‑associated 
cancers
Since exosomes do not have the complexity of cells 
or organs and in contrast, these nanostructures have 
strengths that make them suitable for treating diseases 
such as cancer; they attract increasing attention. Some of 
the strengths mentioned in publications include biocom-
patibility, immunogenicity, stability, pharmacokinetics, 
biodistribution, and cellular uptake mechanism, which 
increase therapeutic index and reduce side effects [176]. 
In recent years, several studies have highlighted that 
exosomes, in addition to their various roles in the devel-
opment and progression of the disease, such as viral-
associated cancer, can also be considered a determining 
molecular target in diagnosis and treatment [177]. Some 
studies have shown that exosomes derived from oncovi-
rus-infected cells contain some proteins and factors that 
lead to the activation of signaling pathways (e.g. AKT, 
ERK and NF-κB) related to the progression of the tumo-
rigenesis [16, 178]. Therefore, decreasing these exosomes 
may be a therapeutic strategy in oncovirus-associated 
tumors. On the other hand, the blocking of some proteins 
(e.g. Galectin-9 in EBV) secreted by oncogenic exosomes 
may restore the function of immune cells to kill the can-
cer cells [179].

Furthermore, in exosomes secreted by EBV-infected 
cells which contain LMP-1, EGFR and PI3K, selective 
blocking or diminishing exosome diffusion can inhibit the 
activation of AKT, ERK and NF-κB signaling pathways 
and tumorigenesis, which present a strategy to suppress 
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the formation of EBV-associated tumors [180]. It has 
been shown that exosomes originate from umbilical mes-
enchymal stem cells containing some functional miRNAs 
that can cause to suppression of viral replication follow-
ing bind and interaction of miRNA with viral RNA [181]. 
Exosomes with the promising feature, capable of passing 
across biological barriers such as the blood–brain barrier, 
can also be used to develop drug delivery systems as drug 
vehichle [182]. However, development of exosome based 
drug delivery strategy necessary to choose the appropri-
ate components to achieve the desired function and effi-
cacy. For instance, engineered exosomes contain HPV-E7 
proteins-loaded Nefmut lead to a strong antitumor activ-
ity following a protective CD8 + T cell-mediated immune 
response [183, 184].

Moreover, Kim et  al. showed that the engineered 
exosomes expressing human leukocyte antigen-A2 stim-
ulate antigen-specific CD8 + T cells. Therefore, engi-
neered exosomes have appeared as a potential option for 
cancer therapies, including human oncogenic viruses-
associated cancers [185]. Another exciting aspect of 
exosomes in cancer treatment is the development of the 
vaccine. Indeed, genetic surface modifications can be 
made in a peptide located in the transmembrane proteins 
of exosomes to convey or represent specific antigens 
[186]. It has shown that the efficiency and bioavailabil-
ity of some anticancer drugs improved after loading into 
exosomes. Therefore, it may be a promising therapeutic 
strategy to prevent virus-associated cancer development 
[187]. To increase targeting specific cells via exosomes, 
the cell of origin can be manipulated to express specific 
genes, which results in engineered cell-derived exosomes 
loaded with interesting heterologous proteins [31]. Sev-
eral reports have offered the use of exosomes as the bio-
markers in various cancers, allowing earlier detection of 
cancers and increasing prognosis and survival [188].

Conclusions
Exosomes play a crucial role in material trafficking, 
information transferring among cells, and intercellular 
communication via loading molecules, including vari-
ous signaling proteins and nucleic acids. It is worth not-
ing that human oncogenic viruses can use exosomes to 
accelerate viral pathogenesis. A depth understanding of 
the molecular mechanisms between viruses and cancers 
may make it possible to predict their outcomes more 
accurately and give new insights into therapeutic strate-
gies. Together, this content suggests that exosomes con-
tribute to the progression of viruses-associated cancers 
and can also help develop novel therapeutic strategies 
in the future. Although there are still many challenges to 
using exosomes in clinical applications that are critical to 

be resolved, exosome-based therapies are thought to be a 
promising avenue for cancer therapy.

Abbreviations
EBV: Epstein–Barr virus; HTLV-1: Human T-lymphotropic virus 1; HPV: Human 
papillomavirus; KSHV: Kaposi sarcoma-associated herpesvirus; HHV-8: Human 
herpesvirus 8; MCPyV: Merkel cell polyomavirus; miRNA: MicroRNA; lncRNA: 
Long non-coding RNA; HBV: Hepatitis B virus; WHO: World health organization; 
CHB: Chronic hepatitis B; HCC: Hepatocellular carcinoma; MVBs: Multivesicular 
bodies; EV: Extracellular vesicle; NKG2D: Natural killer group 2; MyD88: Myeloid 
differentiation factor 88; TICAM-1: TIR domain-containing adaptor molecule-1; 
MAVS: Mitochondrial antiviral signaling; NK: Natural killer; TGF-β: Transforming 
growth factor-β; STAT3: Signal transducer and activator of transcription 3; AP-1: 
Activator protein 1; NF-κB: Nuclear factor kappa B; MAPK: Mitogen-activated 
protein kinase; PD-L1: Programmed cell death ligand 1; HGF: Hepatocyte 
growth factor; EfnB2: Ephrin-B2; DLL4: Delta-like 4 ligand; Ang2: Angiopoi‑
etin-2; VASN: Vasorin; ECs: Endothelial cells; EPCs: Endothelial progenitor 
cells; VEGF: Vascular endothelial growth factor; eNOs: Endothelial nitric oxide 
synthase; ER: Endoplasmic reticulum; HCV: Hepatitis C virus; DCs: Dendritic 
cells; Treg: Regulatory T cells; HEIH: High expression in hepatocellular carci‑
noma; MDSCs: Myeloid-derived suppressor cells; RUNXOR: LncRNA-RUNX1 
overlapping  RNA; Th1: T helper type 1; CTLs: Cytotoxic T cells; TfR2: Transferrin 
receptor 2; IM: Infectious mononucleosis; BL: Burkitt lymphoma; PTLD: Post-
transplant lymphoproliferative disorders; NPC: Nasopharyngeal carcinoma; 
LMP-1: Latent membrane protein 1; LMP-2A: Latent membrane protein 2A; 
EBERs: Epstein–Barr virus-encoded small RNAs; HIF1a: Hypoxia-inducible 
factor-1a; UCH-L1: Ubiquitin C-terminal hydrolase-L1; FGF-2: Fibroblast growth 
factor 2; ERK: Extracellular regulated kinase; AKT: Protein kinase B; ICAM-1: 
Intercellular adhesion molecule 1; EGFR: Epidermal growth factor receptor; 
IDO: Indoleamine 2,3‑dioxygenase; MDMs: Monocyte‑derived macrophages; 
miR-BART​: MiRBamHI A rightward transcript; EMT: Epithelial-mesenchymal 
transition; pRb: Retinoblastoma tumor suppressor protein; E2F: E2 factor; 
HNC: Head and neck cancer; HFKs: Human foreskin keratinocytes; Poly(I:C): 
Polyinosinic:polycytidylic; TJ: Tight junctions; ZO-1: Zonula occludens-1; 
CLDN5: Claudin-5; HUVEC: Human umbilical vein endothelial cells; ATLL: 
Adult T-cell leukemia/lymphoma; HAM/TSP: HTLV-1-associated myelopathy/
tropical spastic paraparesis; MSCs: Mesenchymal stromal/stem cells; MMP-9: 
Matrix metalloproteinase-9; CXCR-4: Chemokine receptor type 4; PEL: Primary 
effusion lymphoma; PI3K/Akt: Phosphatidylinositol 3-kinase protein kinase B; 
LT-ag: Large T-antigen.

Acknowledgements
The authors would like to express sincere thanks to the staffs of Research 
Center for Molecular Medicine of Hamadan University of Medical Sciences for 
their cooperation.

Author contributions
SM, SS, MN, AM, FA, and AS wrote the main manuscript text, and SS prepared 
Fig. 1. RY edited the manuscript. Finally, all authors reviewed the manuscript. 
All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or 
analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Page 12 of 16Mahmoudvand et al. Infectious Agents and Cancer           (2022) 17:58 

Author details
1 Research Center for Molecular Medicine, Hamadan University of Medi‑
cal Sciences, Hamadan, Iran. 2 Department of Virology, School of Medicine, 
Hamadan University of Medical Science, Hamadan, Iran. 3 Gastroenterology 
and Hepatology, Research Center, Institute of Basic and Clinical Physiology 
Science, Kerman University of Medical Science, Kerman, Iran. 4 Clinical Research 
Development Unit, Hajar Hospital, Shahrekord University of Medical Sciences, 
Shahrekord, Iran. 5 Translational Type 1 Diabetes Research, Department 
of Clinical Research, Steno Diabetes Center Copenhagen, Gentofte, Denmark. 
6 Interventional Regenerative Medicine and Imaging Laboratory, Department 
of Radiology, Stanford University School of Medicine, Palo Alto, CA, USA. 

Received: 12 June 2022   Accepted: 21 November 2022

References
	 1.	 Morales-Sánchez A, Fuentes-Pananá EM. Human viruses and cancer. 

Viruses. 2014;6(10):4047–79.
	 2.	 Aga M, Bentz GL, Raffa S, Torrisi MR, Kondo S, Wakisaka N, et al. Exoso‑

mal HIF1α supports invasive potential of nasopharyngeal carcinoma-
associated LMP1-positive exosomes. Oncogene. 2014;33(37):4613–22.

	 3.	 Zur Hausen H, de Villiers E-M, editors. Cancer “causation” by infec‑
tions—individual contributions and synergistic networks. In: Seminars 
in oncology. Elsevier; 2014.

	 4.	 Zamaraev A, Zhivotovsky B, Kopeina G. Viral infections: negative 
regulators of apoptosis and oncogenic factors. Biochem Mosc. 
2020;85(10):1191–201.

	 5.	 Krump NA, You J. Molecular mechanisms of viral oncogenesis in 
humans. Nat Rev Microbiol. 2018;16(11):684–98.

	 6.	 Syn NL, Wang L, Chow EK-H, Lim CT, Goh B-C. Exosomes in cancer 
nanomedicine and immunotherapy: prospects and challenges. Trends 
Biotechnol. 2017;35(7):665–76.

	 7.	 Johnstone R, Bianchini A, Teng K. Reticulocyte maturation and exosome 
release: transferrin receptor containing exosomes shows multiple 
plasma membrane functions. 1989.

	 8.	 Rahmati S, Shojaei F, Shojaeian A, Rezakhani L, Dehkordi MB. An over‑
view of current knowledge in biological functions and potential therag‑
nostic applications of exosomes. Chem Phys Lipid. 2020;226:104836.

	 9.	 Yáñez-Mó M, Siljander PR-M, Andreu Z, Bedina Zavec A, Borràs FE, Buzas 
EI, et al. Biological properties of extracellular vesicles and their physi‑
ological functions. J Extracell Vesicles. 2015;4(1):27066.

	 10.	 Yang J, Ding J, Guo X, Zhu X-Q, Zheng Y. Exosomes in virus-associated 
cancer. Cancer Lett. 2018;438:44–51.

	 11.	 Donoso-Quezada J, Ayala-Mar S, González-Valdez J. State-of-the-art 
exosome loading and functionalization techniques for enhanced 
therapeutics: a review. Crit Rev Biotechnol. 2020;40(6):804–20.

	 12.	 Nam GH, Choi Y, Kim GB, Kim S, Kim SA, Kim IS. Emerging prospects of 
exosomes for cancer treatment: from conventional therapy to immuno‑
therapy. Adv Mater. 2020;32(51):2002440.

	 13.	 Meckes DG, Shair KH, Marquitz AR, Kung C-P, Edwards RH, Raab-Traub N. 
Human tumor virus utilizes exosomes for intercellular communication. 
Proc Natl Acad Sci. 2010;107(47):20370–5.

	 14.	 Zhang L, Ju Y, Chen S, Ren L. Recent progress on exosomes in RNA virus 
infection. Viruses. 2021;13(2):256.

	 15.	 Anderson MR, Kashanchi F, Jacobson S. Exosomes in viral disease. 
Neurotherapeutics. 2016;13(3):535–46.

	 16.	 Meckes DG Jr. Exosomal communication goes viral. J Virol. 
2015;89(10):5200–3.

	 17.	 Nanbo A, Kawanishi E, Yoshida R, Yoshiyama H. Exosomes derived from 
Epstein–Barr virus-infected cells are internalized via caveola-dependent 
endocytosis and promote phenotypic modulation in target cells. J Virol. 
2013;87(18):10334–47.

	 18.	 Choi H, Lee H, Kim SR, Gho YS, Lee SK. Epstein–Barr virus-encoded 
microRNA BART15-3p promotes cell apoptosis partially by targeting 
BRUCE. J Virol. 2013;87(14):8135–44.

	 19.	 Pegtel DM, Cosmopoulos K, Thorley-Lawson DA, van Eijndhoven MA, 
Hopmans ES, Lindenberg JL, et al. Functional delivery of viral miRNAs 
via exosomes. Proc Natl Acad Sci. 2010;107(14):6328–33.

	 20.	 Kannan A, Hertweck KL, Philley JV, Wells RB, Dasgupta S. Genetic 
mutation and exosome signature of human papilloma virus associated 
oropharyngeal cancer. Sci Rep. 2017;7(1):1–10.

	 21.	 Kapoor NR, Chadha R, Kumar S, Choedon T, Reddy VS, Kumar V. The 
HBx gene of hepatitis B virus can influence hepatic microenviron‑
ment via exosomes by transferring its mRNA and protein. Virus Res. 
2017;240:166–74.

	 22.	 Zhao X, Wu Y, Duan J, Ma Y, Shen Z, Wei L, et al. Quantitative proteomic 
analysis of exosome protein content changes induced by hepatitis B 
virus in Huh-7 cells using SILAC labeling and LC–MS/MS. J Proteome 
Res. 2014;13(12):5391–402.

	 23.	 Yang X, Li H, Sun H, Fan H, Hu Y, Liu M, et al. Hepatitis B virus-encoded 
microRNA controls viral replication. J Virol. 2017;91(10):e01919-e2016.

	 24.	 Mahmoudvand S, Shokri S, Mirzaei H, Makvandi M, Teimoori A, Neisi 
N, et al. Study on the prevalence of occult hepatitis B virus infection in 
patients undergoing hemodialysis. Acta Med Iran. 2020;58(4):177–82.

	 25.	 Shokri S, Mahmoudvand S, Taherkhani R, Farshadpour F, Jalalian FA. 
Complexity on modulation of NF-κB pathways by hepatitis B and 
C: a double-edged sword in hepatocarcinogenesis. J Cell Physiol. 
2019;234(9):14734–42.

	 26.	 Lavorgna A, Matsuoka M, Harhaj EW. A critical role for IL-17RB signaling 
in HTLV-1 tax-induced NF-κB activation and T-cell transformation. 
Retrovirology. 2015;12(1):1.

	 27.	 Yonezawa A, Grant R, Shimakawa Y. Including the voice of people living 
with viral hepatitis: lessons learned from Japan to accelerate progress 
towards global hepatitis elimination. Trop Med Health. 2021;49(1):79.

	 28.	 D’Souza S, Lau KC, Coffin CS, Patel TR. Molecular mechanisms of viral 
hepatitis induced hepatocellular carcinoma. World J Gastroenterol. 
2020;26(38):5759–83.

	 29.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 
et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J 
Clin. 2021;71(3):209–49.

	 30.	 Jia X, Chen J, Megger DA, Zhang X, Kozlowski M, Zhang L, et al. 
Label-free proteomic analysis of exosomes derived from inducible 
hepatitis B virus-replicating HepAD38 cell line. Mol Cell Proteomics. 
2017;16(4):S144–60.

	 31.	 Manandhar S, Kothandan VK, Oh J, Yoo SH, Hwang J, Hwang SR. 
A pharmaceutical investigation into exosomes. J Pharm Investig. 
2018;48(6):617–26.

	 32.	 Lee Y-R, Wu S-Y, Chen R-Y, Lin Y-S, Yeh T-M, Liu H-S. Regulation of 
autophagy, glucose uptake, and glycolysis under dengue virus infec‑
tion. Kaohsiung J Med Sci. 2020;36(11):911–9.

	 33.	 Wang J, Cao D, Yang J. Exosomes in hepatitis B virus transmission and 
related immune response. Tohoku J Exp Med. 2020;252(4):309–20.

	 34.	 Pezzuto F, Buonaguro L, Buonaguro FM, Tornesello ML. The role of cir‑
culating free DNA and microRNA in non-invasive diagnosis of HBV- and 
HCV-related hepatocellular carcinoma. Int J Mol Sci. 2018;19(4):1007.

	 35.	 Yang Y, Han Q, Hou Z, Zhang C, Tian Z, Zhang J. Exosomes mediate 
hepatitis B virus (HBV) transmission and NK-cell dysfunction. Cell Mol 
Immunol. 2017;14(5):465–75.

	 36.	 Ding J, Wang J, Chen J. Exosomes as therapeutic vehicles in liver dis‑
eases. Ann Transl Med. 2021;9(8):735.

	 37.	 Sung PS, Jang JW. Natural killer cell dysfunction in hepatocellular 
carcinoma: pathogenesis and clinical implications. Int J Mol Sci. 
2018;19(11):3648.

	 38.	 Shi Y, Du L, Lv D, Li Y, Zhang Z, Huang X, et al. Emerging role and 
therapeutic application of exosome in hepatitis virus infection and 
associated diseases. J Gastroenterol. 2021;56(4):336–49.

	 39.	 Li JH, Ma WJ, Wang GG, Jiang X, Chen X, Wu L, et al. Clinicopathologic 
significance and prognostic value of programmed cell death ligand 
1 (PD-L1) in patients with hepatocellular carcinoma: a meta-analysis. 
Front Immunol. 2018;9:2077.

	 40.	 Liu C-Q, Xu J, Zhou Z-G, Jin L-L, Yu X-J, Xiao G, et al. Expression patterns 
of programmed death ligand 1 correlate with different microenviron‑
ments and patient prognosis in hepatocellular carcinoma. Br J Cancer. 
2018;119(1):80–8.

	 41.	 Ashraf Malik M, Ishtiyaq Ali Mirza J, Umar M, Manzoor S. CD81(+) 
exosomes play a pivotal role in the establishment of hepatitis C persis‑
tent infection and contribute toward the progression of hepatocellular 
carcinoma. Viral Immunol. 2019;32(10):453–62.



Page 13 of 16Mahmoudvand et al. Infectious Agents and Cancer           (2022) 17:58 	

	 42.	 Wang H, Rao B, Lou J, Li J, Liu Z, Li A, et al. The function of the HGF/c-
Met axis in hepatocellular carcinoma. Front Cell Dev Biol. 2020;8:55.

	 43.	 Barreiros AP, Sprinzl M, Rosset S, Höhler T, Otto G, Theobald M, et al. EGF 
and HGF levels are increased during active HBV infection and enhance 
survival signaling through extracellular matrix interactions in primary 
human hepatocytes. Int J Cancer. 2009;124(1):120–9.

	 44.	 Bukong TN, Momen-Heravi F, Kodys K, Bala S, Szabo G. Exosomes from 
hepatitis C infected patients transmit HCV infection and contain repli‑
cation competent viral RNA in complex with Ago2-miR122-HSP90. PLoS 
Pathog. 2014;10(10):e1004424.

	 45.	 Ramayanti O, Verkuijlen SA, Novianti P, Scheepbouwer C, Misovic B, 
Koppers-Lalic D, et al. Vesicle-bound EBV-BART13-3p miRNA in circula‑
tion distinguishes nasopharyngeal from other head and neck cancer 
and asymptomatic EBV-infections. Int J Cancer. 2019;144(10):2555–66.

	 46.	 Huang J, Qin Y, Yang C, Wan C, Dai X, Sun Y, et al. Downregulation of 
ABI2 expression by EBV-miR-BART13-3p induces epithelial-mesenchy‑
mal transition of nasopharyngeal carcinoma cells through upregulation 
of c-JUN/SLUG signaling. Aging (Albany NY). 2020;12(1):340.

	 47.	 Iuliano M, Mangino G, Chiantore MV, Zangrillo MS, Accardi R, Tomma‑
sino M, et al. Human Papillomavirus E6 and E7 oncoproteins affect the 
cell microenvironment by classical secretion and extracellular vesicles 
delivery of inflammatory mediators. Cytokine. 2018;106:182–9.

	 48.	 Honegger A, Leitz J, Bulkescher J, Hoppe-Seyler K, Hoppe-Seyler F. 
Silencing of human papillomavirus (HPV) E6/E7 oncogene expres‑
sion affects both the contents and the amounts of extracellular 
microvesicles released from HPV-positive cancer cells. Int J Cancer. 
2013;133(7):1631–42.

	 49.	 Al Sharif S, Pinto DO, Mensah GA, Dehbandi F, Khatkar P, Kim Y, et al. 
Extracellular vesicles in HTLV-1 communication: the story of an invisible 
messenger. Viruses. 2020;12(12):1422.

	 50.	 Narayanan A, Jaworski E, Van Duyne R, Iordanskiy S, Guendel I, Das R, 
et al. Exosomes derived from HTLV-1 infected cells contain the viral 
protein Tax. Retrovirology. 2014;11(1):1.

	 51.	 Chugh PE, Sin S-H, Ozgur S, Henry DH, Menezes P, Griffith J, et al. 
Systemically circulating viral and tumor-derived microRNAs in KSHV-
associated malignancies. PLoS Pathog. 2013;9(7):e1003484.

	 52.	 Fan K, Spassova I, Gravemeyer J, Ritter C, Horny K, Lange A, et al. 
Merkel cell carcinoma-derived exosome-shuttle miR-375 induces 
fibroblast polarization by inhibition of RBPJ and p53. Oncogene. 
2021;40(5):980–96.

	 53.	 Yuan X, Wu H, Xu H, Xiong H, Chu Q, Yu S, et al. Notch signaling: 
an emerging therapeutic target for cancer treatment. Cancer Lett. 
2015;369(1):20–7.

	 54.	 Meng L-B, Zhang Y-M, Shan M-J, Qiu Y, Zhang T-J, Gong T. Pivotal 
micro factors associated with endothelial cells. Chin Med J (Engl). 
2019;132(16):1965–73.

	 55.	 He R, Wang Z, Shi W, Yu L, Xia H, Huang Z, et al. Exosomes in hepatocel‑
lular carcinoma microenvironment and their potential clinical applica‑
tion value. Biomed Pharmacother. 2021;138:111529.

	 56.	 Kongkavitoon P, Tangkijvanich P, Hirankarn N, Palaga T. Hepatitis B virus 
HBx activates notch signaling via delta-like 4/Notch1 in hepatocellular 
carcinoma. PLoS ONE. 2016;11(1):e0146696.

	 57.	 Akwii RG, Sajib MS, Zahra FT, Mikelis CM. Role of angiopoietin-2 in 
vascular physiology and pathophysiology. Cells. 2019;8(5):471.

	 58.	 Xie J-y, Wei J-x, Lv L-h, Han Q-f, Yang W-b, Li G-l, et al. Angiopoietin-2 
induces angiogenesis via exosomes in human hepatocellular carci‑
noma. Cell Commun Signal. 2020;18(1):46.

	 59.	 Soheilifar MH, Grusch M, Neghab HK, Amini R, Maadi H, Saidijam M, 
et al. Angioregulatory microRNAs in colorectal cancer. Cancers (Basel). 
2019;12(1):71.

	 60.	 Sanz-Cameno P, Martín-Vílchez S, Lara-Pezzi E, Borque MJ, Salmerón 
J, Muñoz de Rueda P, et al. Hepatitis B virus promotes angiopoi‑
etin-2 expression in liver tissue: role of HBV x protein. Am J Pathol. 
2006;169(4):1215–22.

	 61.	 Huang X-Y, Huang Z-L, Huang J, Xu B, Huang X-Y, Xu Y-H, et al. Exosomal 
circRNA-100338 promotes hepatocellular carcinoma metastasis via 
enhancing invasiveness and angiogenesis. J Exp Clin Cancer Res. 
2020;39(1):20.

	 62.	 Huang XY, Huang ZL, Zhang PB, Huang XY, Huang J, Wang HC, et al. 
CircRNA-100338 is associated with mTOR signaling pathway and poor 
prognosis in hepatocellular carcinoma. Front Oncol. 2019;9:392.

	 63.	 Huang X-Y, Huang Z-L, Xu Y-H, Zheng Q, Chen Z, Song W, et al. Com‑
prehensive circular RNA profiling reveals the regulatory role of the 
circRNA-100338/miR-141-3p pathway in hepatitis B-related hepatocel‑
lular carcinoma. Sci Rep. 2017;7(1):5428.

	 64.	 Liao R, Liu L, Zhou J, Wei X, Huang P. Current molecular biology and 
therapeutic strategy status and prospects for circRNAs in HBV-associ‑
ated hepatocellular carcinoma. Fron Oncol. 2021;11:2500.

	 65.	 Chen R, Xu X, Tao Y, Qian Z, Yu Y. Exosomes in hepatocellular carcinoma: 
a new horizon. Cell Commun Signal. 2019;17(1):1.

	 66.	 Kouwaki T, Fukushima Y, Daito T, Sanada T, Yamamoto N, Mifsud EJ, 
et al. Extracellular vesicles including exosomes regulate innate immune 
responses to hepatitis B virus infection. Front Immunol. 2016;7:335.

	 67.	 Wang H, Hou L, Li A, Duan Y, Gao H, Song X. Expression of serum exoso‑
mal microRNA-21 in human hepatocellular carcinoma. Biomed Res Int. 
2014;2014:864894.

	 68.	 Gao H, Liu C. miR-429 represses cell proliferation and induces apoptosis 
in HBV-related HCC. Biomed Pharmacother. 2014;68(8):943–9.

	 69.	 Zhang Y, Xi H, Nie X, Zhang P, Lan N, Lu Y, et al. Assessment of miR-212 
and other biomarkers in the diagnosis and treatment of HBV-infection-
related liver diseases. Curr Drug Metab. 2019;20(10):785–98.

	 70.	 Morishita A, Fujita K, Iwama H, Chiyo T, Fujihara S, Oura K, et al. Role of 
microRNA-210-3p in hepatitis B virus-related hepatocellular carcinoma. 
Am J Physiol Gastrointest Liver Physiol. 2020;318(3):G401–9.

	 71.	 Sohn W, Kim J, Kang SH, Yang SR, Cho J-Y, Cho HC, et al. Serum exoso‑
mal microRNAs as novel biomarkers for hepatocellular carcinoma. Exp 
Mol Med. 2015;47(9):e184.

	 72.	 Ahmed I, Akram Z, Iqbal HMN, Munn AL. The regulation of endosomal 
sorting complex required for transport and accessory proteins in multi‑
vesicular body sorting and enveloped viral budding—an overview. Int J 
Biol Macromol. 2019;127:1–11.

	 73.	 Wei JX, Lv LH, Wan YL, Cao Y, Li GL, Lin HM, et al. Vps4A functions as a 
tumor suppressor by regulating the secretion and uptake of exosomal 
microRNAs in human hepatoma cells. Hepatology (Baltimore, MD). 
2015;61(4):1284–94.

	 74.	 Han Q, Lv L, Wei J, Lei X, Lin H, Li G, et al. Vps4A mediates the localiza‑
tion and exosome release of β-catenin to inhibit epithelial-mesenchy‑
mal transition in hepatocellular carcinoma. Cancer Lett. 2019;457:47–59.

	 75.	 Zeyen L, Döring T, Prange R. Hepatitis B virus exploits ERGIC-53 in 
conjunction with COPII to exit cells. Cells. 2020;9(8):1889.

	 76.	 Kian Chua P, Lin MH, Shih C. Potent inhibition of human hepatitis B virus 
replication by a host factor Vps4. Virology. 2006;354(1):1–6.

	 77.	 Chou S-F, Tsai M-L, Huang J-Y, Chang Y-S, Shih C. The dual role of an 
ESCRT-0 component HGS in HBV transcription and naked capsid secre‑
tion. PLoS Pathog. 2015;11(10):e1005123.

	 78.	 Mahmoudvand S, Shokri S, Taherkhani R, Farshadpour F. Hepatitis C 
virus core protein modulates several signaling pathways involved in 
hepatocellular carcinoma. World J Gastroenterol. 2019;25(1):42–58.

	 79.	 Blach S, Zeuzem S, Manns M, Altraif I, Duberg A-S, Muljono DH, et al. 
Global prevalence and genotype distribution of hepatitis C virus 
infection in 2015: a modelling study. Lancet Gastroenterol Hepatol. 
2017;2(3):161–76.

	 80.	 . WHO Hepatitis C, WHO fact sheet Updated 27 July 2021 Available at: 
https://​www.​whoint/​news-​room/​fact-​sheets/​detail/​hepat​itis-c.

	 81.	 Saad MH, Badierah R, Redwan EM, El-Fakharany EM. A comprehensive 
insight into the role of exosomes in viral infection: dual faces bearing 
different functions. Pharmaceutics. 2021;13(9):1405.

	 82.	 Wang H, Lu Z, Zhao X. Tumorigenesis, diagnosis, and therapeutic 
potential of exosomes in liver cancer. J Hematol Oncol. 2019;12(1):133.

	 83.	 Zhou H, Yan Z-H, Yuan Y, Xing C, Jiang N. The role of exosomes in 
viral hepatitis and its associated liver diseases. Front Med (Lausanne). 
2021;8:782485.

	 84.	 Ramakrishnaiah V, Thumann C, Fofana I, Habersetzer F, Pan Q, de 
Ruiter PE, et al. Exosome-mediated transmission of hepatitis C virus 
between human hepatoma Huh7.5 cells. Proc Natl Acad Sci U S A. 
2013;110(32):13109–13.

	 85.	 Cosset FL, Dreux M. HCV transmission by hepatic exosomes establishes 
a productive infection. J Hepatol. 2014;60(3):674–5.

	 86.	 Huang A-H, Wang H-B, Wu Z-F, Wang Y-H, Hu B, Jiang Z-N, et al. 
Infiltrating regulatory T cells promote invasiveness of liver cancer cells 
via inducing epithelial-mesenchymal transition. Transl Cancer Res. 
2019;8(6):2405–15.

https://www.whoint/news-room/fact-sheets/detail/hepatitis-c


Page 14 of 16Mahmoudvand et al. Infectious Agents and Cancer           (2022) 17:58 

	 87.	 Zhou H, Yan Z-H, Yuan Y, Xing C, Jiang N. The role of exosomes in viral 
hepatitis and its associated liver diseases. Front Med. 2021;8:2313.

	 88.	 Chen C, Gu C, Ren Q, Ding F, Pan Q, Niu Y, et al. lncRNA HEIH, an indica‑
tor of high malignancy and poor prognosis, functions as an oncogene 
in breast cancer. Mol Med Rep. 2020;22(4):2869–77.

	 89.	 Zhang C, Yang X, Qi Q, Gao Y, Wei Q, Han S. lncRNA-HEIH in serum and 
exosomes as a potential biomarker in the HCV-related hepatocellular 
carcinoma. Cancer Biomark Sect A Dis Mark. 2018;21(3):651–9.

	 90.	 Lin Y, Yang X, Liu W, Li B, Yin W, Shi Y, et al. Chemerin has a protective 
role in hepatocellular carcinoma by inhibiting the expression of IL-6 and 
GM-CSF and MDSC accumulation. Oncogene. 2017;36(25):3599–608.

	 91.	 Tian X, Ma J, Wang T, Tian J, Zheng Y, Peng R, et al. Long non-coding 
RNA RUNXOR accelerates MDSC-mediated immunosuppression in lung 
cancer. BMC Cancer. 2018;18(1):660.

	 92.	 Thakuri BKC, Zhang J, Zhao J, Nguyen LN, Nguyen LN, Schank M, et al. 
HCV-associated exosomes upregulate RUNXOR and RUNX1 expres‑
sions to promote MDSC expansion and suppressive functions through 
STAT3–miR124 axis. Cells. 2020;9(12):2715.

	 93.	 Smatti MK, Al-Sadeq DW, Ali NH, Pintus G, Abou-Saleh H, Nasrallah GK. 
Epstein–Barr virus epidemiology, serology, and genetic variability of 
LMP-1 oncogene among healthy population: an update. Front Oncol. 
2018;8:211.

	 94.	 Khan G, Fitzmaurice C, Naghavi M, Ahmed LA. Global and regional inci‑
dence, mortality and disability-adjusted life-years for Epstein–Barr virus-
attributable malignancies, 1990–2017. BMJ Open. 2020;10(8):e037505.

	 95.	 Santpere G, Darre F, Blanco S, Alcami A, Villoslada P, Mar Alba M, et al. 
Genome-wide analysis of wild-type Epstein–Barr virus genomes 
derived from healthy individuals of the 1000 Genomes Project. Genome 
Biol Evol. 2014;6(4):846–60.

	 96.	 Shannon-Lowe C, Rickinson A. The global landscape of EBV-associated 
tumors. Front Oncol. 2019;9:713.

	 97.	 Liu Y, Lu Z, Huang H. Genome-wide profiling of Epstein–Barr Virus (EBV) 
isolated from EBV-related malignancies. Epstein-Barr Virus. IntechOpen; 
2020.

	 98.	 Schwab A, Meyering SS, Lepene B, Iordanskiy S, van Hoek ML, Hakami 
RM, et al. Extracellular vesicles from infected cells: potential for direct 
pathogenesis. Front Microbiol. 2015;6:1132.

	 99.	 Keryer-Bibens C, Pioche-Durieu C, Villemant C, Souquère S, Nishi N, 
Hirashima M, et al. Exosomes released by EBV-infected nasopharyngeal 
carcinoma cells convey the viral latent membrane protein 1 and the 
immunomodulatory protein galectin 9. BMC Cancer. 2006;6(1):1–8.

	100.	 Mrizak D, Martin N, Barjon C, Jimenez-Pailhes A-S, Mustapha R, Niki T, 
et al. Effect of nasopharyngeal carcinoma-derived exosomes on human 
regulatory T cells. J Natl Cancer Inst. 2015;107(1):dju363.

	101.	 Iwakiri D. Epstein–Barr virus-encoded RNAs: key molecules in viral 
pathogenesis. Cancers (Basel). 2014;6(3):1615–30.

	102.	 Canitano A, Venturi G, Borghi M, Ammendolia MG, Fais S. Exosomes 
released in vitro from Epstein–Barr virus (EBV)-infected cells contain 
EBV-encoded latent phase mRNAs. Cancer Lett. 2013;337(2):193–9.

	103.	 Yang C, Robbins PD. The roles of tumor-derived exosomes in cancer 
pathogenesis. Clin Dev Immunol. 2011;2011.

	104.	 Zhang X, Yuan X, Shi H, Wu L, Qian H, Xu W. Exosomes in cancer: small 
particle, big player. J Hematol Oncol. 2015;8(1):1–13.

	105.	 Ahmed W, Philip PS, Tariq S, Khan G. Epstein-Barr virus-encoded small 
RNAs (EBERs) are present in fractions related to exosomes released by 
EBV-transformed cells. PLoS ONE. 2014;9(6):e99163.

	106.	 Kobayashi E, Aga M, Kondo S, Whitehurst C, Yoshizaki T, Pagano J, 
et al. C-terminal farnesylation of UCH-L1 plays a role in transport of 
Epstein–Barr virus primary oncoprotein LMP1 to exosomes. Msphere. 
2018;3(1):e00030-e118.

	107.	 Nkosi D, Sun L, Duke LC, Patel N, Surapaneni SK, Singh M, et al. Epstein-
Barr virus LMP1 promotes syntenin-1-and Hrs-induced extracellular 
vesicle formation for its own secretion to increase cell proliferation and 
migration. MBio. 2020;11(3):e00589-e620.

	108.	 Middeldorp J, Pegtel D, editors. Multiple roles of LMP1 in Epstein–Barr 
virus induced immune escape. In: Seminars in cancer biology. Elsevier; 
2008.

	109.	 Lo AK-F, Dawson CW, Lung HL, Wong K-L, Young LS. The role of EBV-
encoded LMP1 in the NPC tumour microenvironment: from function to 
therapy. Front Oncol. 2021;11:262.

	110.	 Fang W, Hong S, Chen N, He X, Zhan J, Qin T, et al. PD-L1 is remarkably 
over-expressed in EBV-associated pulmonary lymphoepithelioma-
like carcinoma and related to poor disease-free survival. Oncotarget. 
2015;6(32):33019.

	111.	 Dukers DF, Meij P, Vervoort MB, Vos W, Scheper RJ, Meijer CJ, et al. Direct 
immunosuppressive effects of EBV-encoded latent membrane protein 
1. J Immunol. 2000;165(2):663–70.

	112.	 Flanagan J, Middeldorp J, Sculley T. Localization of the Epstein–Barr 
virus protein LMP 1 to exosomes. J Gen Virol. 2003;84(7):1871–9.

	113.	 Ceccarelli S, Visco V, Raffa S, Wakisaka N, Pagano JS, Torrisi MR. Epstein-
Barr virus latent membrane protein 1 promotes concentration in mul‑
tivesicular bodies of fibroblast growth factor 2 and its release through 
exosomes. Int J Cancer. 2007;121(7):1494–506.

	114.	 Lu Y, Liu B, Liu Y, Yu X, Cheng G. Dual effects of active ERK in can‑
cer: a potential target for enhancing radiosensitivity. Oncol Lett. 
2020;20(2):993–1000.

	115.	 Jiang N, Dai Q, Su X, Fu J, Feng X, Peng J. Role of PI3K/AKT path‑
way in cancer: the framework of malignant behavior. Mol Biol Rep. 
2020;47(6):4587–629.

	116.	 Sasaki T, Hiroki K, Yamashita Y. The role of epidermal growth factor 
receptor in cancer metastasis and microenvironment. BioMed Res Int. 
2013;2013.

	117.	 Gutzeit C, Nagy N, Gentile M, Lyberg K, Gumz J, Vallhov H, et al. 
Exosomes derived from Burkitt’s lymphoma cell lines induce prolifera‑
tion, differentiation, and class-switch recombination in B cells. J Immu‑
nol. 2014;192(12):5852–62.

	118.	 Ikeda M, Longnecker R. Cholesterol is critical for Epstein-Barr virus 
latent membrane protein 2A trafficking and protein stability. Virology. 
2007;360(2):461–8.

	119.	 Dawson CW, Port RJ, Young LS, editors. The role of the EBV-encoded 
latent membrane proteins LMP1 and LMP2 in the pathogenesis of 
nasopharyngeal carcinoma (NPC). In: Seminars in cancer biology. 
Elsevier; 2012:.

	120.	 Ahmed W, Tariq S, Khan G. Tracking EBV-encoded RNAs (EBERs) from 
the nucleus to the excreted exosomes of B-lymphocytes. Sci Rep. 
2018;8(1):1–11.

	121.	 Baglio SR, van Eijndhoven MA, Koppers-Lalic D, Berenguer J, Lougheed 
SM, Gibbs S, et al. Sensing of latent EBV infection through exosomal 
transfer of 5′ pppRNA. Proc Natl Acad Sci. 2016;113(5):E587–96.

	122.	 Burassakarn A, Srisathaporn S, Pientong C, Wongjampa W, Vatana‑
sapt P, Patarapadungkit N, et al. Exosomes-carrying Epstein–Barr 
virus-encoded small RNA-1 induces indoleamine 2, 3-dioxygenase 
expression in tumor-infiltrating macrophages of oral squamous-cell 
carcinomas and suppresses T-cell activity by activating RIG-I/IL-6/TNF-α 
pathway. Oral Oncol. 2021;117:105279.

	123.	 De Re V, Caggiari L, De Zorzi M, Fanotto V, Miolo G, Puglisi F, et al. 
Epstein–Barr virus BART microRNAs in EBV-associated Hodgkin lym‑
phoma and gastric cancer. Infect Agent Cancer. 2020;15:42.

	124.	 Lei T, Yuen KS, Xu R, Tsao SW, Chen H, Li M, et al. Targeting of DICE1 
tumor suppressor by Epstein–Barr virus-encoded miR-BART3* micro‑
RNA in nasopharyngeal carcinoma. Int J Cancer. 2013;133(1):79–87.

	125.	 Zhao M, Nanbo A, Sun L, Lin Z. Extracellular vesicles in Epstein–Barr 
virus’ life cycle and pathogenesis. Microorganisms. 2019;7(2):48.

	126.	 Arbyn M, Weiderpass E, Bruni L, de Sanjosé S, Saraiya M, Ferlay J, et al. 
Estimates of incidence and mortality of cervical cancer in 2018: a world‑
wide analysis. Lancet Glob Health. 2020;8(2):e191–203.

	127.	 Tomaić V. Functional roles of E6 and E7 oncoproteins in HPV-induced 
malignancies at diverse anatomical sites. Cancers (Basel). 2016;8(10):95.

	128.	 Honegger A, Schilling D, Sültmann H, Hoppe-Seyler K, Hoppe-Seyler F. 
Identification of E6/E7-dependent MicroRNAs in HPV-positive cancer 
cells. In: MicroRNA and Cancer. Springer; 2018. pp. 119–134.

	129.	 Ludwig S, Sharma P, Theodoraki M-N, Pietrowska M, Yerneni SS, Lang S, 
et al. Molecular and functional profiles of exosomes from HPV (+) and 
HPV (−) head and neck cancer cell lines. Front Oncol. 2018;8:445.

	130.	 Khan S, Jutzy JM, Aspe JR, McGregor DW, Neidigh JW, Wall NR. Survivin 
is released from cancer cells via exosomes. Apoptosis. 2011;16(1):1–12.

	131.	 Honegger A, Schilling D, Bastian S, Sponagel J, Kuryshev V, Sültmann 
H, et al. Dependence of intracellular and exosomal microRNAs on viral 
E6/E7 oncogene expression in HPV-positive tumor cells. PLoS Pathog. 
2015;11(3):e1004712.



Page 15 of 16Mahmoudvand et al. Infectious Agents and Cancer           (2022) 17:58 	

	132.	 Harden ME, Munger K. Human papillomavirus 16 E6 and E7 oncopro‑
tein expression alters microRNA expression in extracellular vesicles. 
Virology. 2017;508:63–9.

	133.	 Chiantore MV, Mangino G, Iuliano M, Zangrillo MS, De Lillis I, Vaccari G, 
et al. Human papillomavirus E6 and E7 oncoproteins affect the expres‑
sion of cancer-related microRNAs: additional evidence in HPV-induced 
tumorigenesis. J Cancer Res Clin Oncol. 2016;142(8):1751–63.

	134.	 Liu J, Sun H, Wang X, Yu Q, Li S, Yu X, et al. Increased exosomal micro‑
RNA-21 and microRNA-146a levels in the cervicovaginal lavage speci‑
mens of patients with cervical cancer. Int J Mol Sci. 2014;15(1):758–73.

	135.	 Wu Y, Wang X, Meng L, Li W, Li C, Li P, et al. Changes of miRNA expres‑
sion profiles from cervical-vaginal fluid-derived exosomes in response 
to HPV16 infection. BioMed Res Int. 2020;2020.

	136.	 Xu J, Wen J, Li S, Shen X, You T, Huang Y, et al. Immune-related nine-
microRNA signature for predicting the prognosis of gastric cancer. 
Front Genet. 2021;12.

	137.	 Tong F, Andress A, Tang G, Liu P, Wang X. Comprehensive profiling of 
extracellular RNA in HPV-induced cancers using an improved pipeline 
for small RNA-seq analysis. Sci Rep. 2020;10(1):1–13.

	138.	 Rana AA, Lucs AV, DeVoti J, Blanc L, Papoin J, Wu R, et al. Poly (I: C) 
induces controlled release of IL-36γ from keratinocytes in the absence 
of cell death. Immunol Res. 2015;63(1):228–35.

	139.	 Wang X, Zhao X, Feng C, Weinstein A, Xia R, Wen W, et al. IL-36γ 
transforms the tumor microenvironment and promotes type 1 
lymphocyte-mediated antitumor immune responses. Cancer Cell. 
2015;28(3):296–306.

	140.	 Zhang J, Liu SC, Luo XH, Tao GX, Guan M, Yuan H, et al. Exosomal 
Long noncoding RNA s are differentially expressed in the Cervico‑
vaginal lavage samples of cervical cancer patients. J Clin Lab Anal. 
2016;30(6):1116–21.

	141.	 Rathinasamy B, Velmurugan BK. Role of lncRNAs in the cancer develop‑
ment and progression and their regulation by various phytochemicals. 
Biomed Pharmacother. 2018;102:242–8.

	142.	 Lin Y, Zhang C, Xiang P, Shen J, Sun W, Yu H. Exosomes derived 
from HeLa cells break down vascular integrity by triggering endo‑
plasmic reticulum stress in endothelial cells. J Extracell Vesicles. 
2020;9(1):1722385.

	143.	 Liang L-J, Yang Y, Wei W-F, Wu X-G, Yan R-M, Zhou C-F, et al. Tumor-
secreted exosomal Wnt2B activates fibroblasts to promote cervical 
cancer progression. Oncogenesis. 2021;10(3):1–12.

	144.	 Ren T, Cheng H. Differential transforming activity of the retroviral Tax 
oncoproteins in human T lymphocytes. Front Microbiol. 2013;4:287.

	145.	 Nozuma S, Jacobson S. Neuroimmunology of human T-lymphotropic 
virus type 1-associated myelopathy/tropical spastic paraparesis. Front 
Microbiol. 2019;10:885.

	146.	 Zhang L-L, Wei J-Y, Wang L, Huang S-L, Chen J-L. Human T-cell 
lymphotropic virus type 1 and its oncogenesis. Acta Pharmacol Sin. 
2017;38(8):1093–103.

	147.	 Currer R, Van Duyne R, Jaworski E, Guendel I, Sampey G, Das R, et al. 
HTLV tax: a fascinating multifunctional co-regulator of viral and cellular 
pathways. Front Microbiol. 2012;3:406.

	148.	 Jaworski E, Narayanan A, Van Duyne R, Shabbeer-Meyering S, 
Iordanskiy S, Saifuddin M, et al. Human T-lymphotropic virus type 
1-infected cells secrete exosomes that contain Tax protein. J Biol Chem. 
2014;289(32):22284–305.

	149.	 Mohanty S, Harhaj EW. Mechanisms of oncogenesis by HTLV-1 Tax. 
Pathogens. 2020;9(7):543.

	150.	 Kumar A, Kodidela S, Tadrous E, Cory TJ, Walker CM, Smith AM, et al. 
Extracellular vesicles in viral replication and pathogenesis and their 
potential role in therapeutic intervention. Viruses. 2020;12(8):887.

	151.	 Welle S. Endocrine, paracrine, and autocrine regulation. In: Human 
Protein Metabolism. Springer; 1999. pp. 124–160.

	152.	 El-Saghir J, Nassar F, Tawil N, El-Sabban M. ATL-derived exosomes modu‑
late mesenchymal stem cells: potential role in leukemia progression. 
Retrovirology. 2016;13(1):1–13.

	153.	 Pinto DO, DeMarino C, Pleet ML, Cowen M, Branscome H, Al Sharif S, 
et al. HTLV-1 extracellular vesicles promote cell-to-cell contact. Front 
Microbiol. 2019;10:2147.

	154.	 Wen KW, Damania B. Kaposi sarcoma-associated herpesvirus (KSHV): 
molecular biology and oncogenesis. Cancer Lett. 2010;289(2):140–50.

	155.	 Purushothaman P, Uppal T, Sarkar R, Verma SC. KSHV-mediated angio‑
genesis in tumor progression. Viruses. 2016;8(7):198.

	156.	 Yogev O, Lagos D, Enver T, Boshoff C. Kaposi’s sarcoma herpesvirus 
microRNAs induce metabolic transformation of infected cells. PLoS 
Pathog. 2014;10(9):e1004400.

	157.	 Liu X, Zhu C, Wang Y, Wei F, Cai Q. KSHV reprogramming of host energy 
metabolism for pathogenesis. Front Cell Infect Microbiol. 2021;11:413.

	158.	 Zheng J, Shi Y, Feng Z, Zheng Y, Li Z, Zhao Y, et al. Oncogenic effects 
of exosomes in γ-herpesvirus-associated neoplasms. J Cell Physiol. 
2019;234(11):19167–79.

	159.	 Meckes DG, Gunawardena HP, Dekroon RM, Heaton PR, Edwards RH, 
Ozgur S, et al. Modulation of B-cell exosome proteins by gamma her‑
pesvirus infection. Proc Natl Acad Sci. 2013;110(31):E2925–33.

	160.	 Yogev O, Henderson S, Hayes MJ, Marelli SS, Ofir-Birin Y, Regev-Rudzki N, 
et al. Herpesviruses shape tumour microenvironment through exoso‑
mal transfer of viral microRNAs. PLoS Pathog. 2017;13(8):e1006524.

	161.	 Hoshina S, Sekizuka T, Kataoka M, Hasegawa H, Hamada H, Kuroda M, 
et al. Profile of exosomal and intracellular microRNA in gamma-herpes‑
virus-infected lymphoma cell lines. PLoS ONE. 2016;11(9):e0162574.

	162.	 Ma T, Patel H, Babapoor-Farrokhran S, Franklin R, Semenza GL, Sodhi A, 
et al. KSHV induces aerobic glycolysis and angiogenesis through HIF-
1-dependent upregulation of pyruvate kinase 2 in Kaposi’s sarcoma. 
Angiogenesis. 2015;18(4):477–88.

	163.	 Delgado T, Carroll PA, Punjabi AS, Margineantu D, Hockenbery DM, 
Lagunoff M. Induction of the Warburg effect by Kaposi’s sarcoma her‑
pesvirus is required for the maintenance of latently infected endothelial 
cells. Proc Natl Acad Sci. 2010;107(23):10696–701.

	164.	 Nachmani D, Stern-Ginossar N, Sarid R, Mandelboim O. Diverse 
herpesvirus microRNAs target the stress-induced immune ligand 
MICB to escape recognition by natural killer cells. Cell Host Microbe. 
2009;5(4):376–85.

	165.	 Jeon H, Yoo S-M, Choi HS, Mun JY, Kang H-G, Lee J, et al. Extracellular 
vesicles from KSHV-infected endothelial cells activate the complement 
system. Oncotarget. 2017;8(59):99841.

	166.	 Liu W, You J. Molecular mechanisms of merkel cell polyomavirus trans‑
formation and replication. Annu Rev Virol. 2020;7:289–307.

	167.	 Wang TS, Byrne PJ, Jacobs LK, Taube JM, editors. Merkel cell carcinoma: 
update and review. In: Seminars in cutaneous medicine and surgery. 
NIH Public Access; 2011.

	168.	 Konstantinell AGV. Biomarkers discovery: the benefit of the study 
exosomes originated from merkel cell carcinoma cell lines. 2019.

	169.	 Furuholmen-Jenssen IS. The oncoproteins gelsolin, periostin and 
thrombospondin are enriched in Merkel cell carcinoma exosomes, and 
their promoter activity is stimulated by Large T-antigen of Merkel cell 
polyomavirus: UiT Norges Arktiske Universitet; 2017.

	170.	 Liu AY, Zheng H, Ouyang G. Periostin, a multifunctional matricellular 
protein in inflammatory and tumor microenvironments. Matrix Biol. 
2014;37:150–6.

	171.	 Huang T, Wang L, Liu D, Li P, Xiong H, Zhuang L, et al. FGF7/FGFR2 signal 
promotes invasion and migration in human gastric cancer through 
upregulation of thrombospondin-1. Int J Oncol. 2017;50(5):1501–12.

	172.	 Borsotti PGC, Ostano P, Silini A, Dossi R, Pinessi D, Foglieni C, Scatolini 
M, Lacal PM, Ferrari R, Moscatelli D. Thrombospondin-1 is part of a Slug-
independent motility and metastatic program in cutaneous melanoma, 
in association with VEGFR-1 and FGF-2. Pigment Cell Melanoma Res. 
2015;28(1):73–81.

	173.	 Moens URK, Abdulsalam I, Sveinbjørnsson B. The role of Merkel cell 
polyomavirus and other human polyomaviruses in emerging hallmarks 
of cancer. Viruses. 2015;7(4):1871–901.

	174.	 Fan KSI, Gravemeyer J, Ritter C, Horny K, Lange A, Gambichler T, Ødum 
N, Schrama D, Schadendorf D, Ugurel S. Merkel cell carcinoma-derived 
exosome-shuttle miR-375 induces fibroblast polarization by inhibition 
of RBPJ and p53. Oncogene. 2021;40:980–96.

	175.	 Yang RLE, Kim J, Choi JH, Kolitz E, Chen Y, Crewe C, Salisbury NJ, Scherer 
PE, Cockerell C, Smith TR. Characterization of ALTO-encoding circular 
RNAs expressed by Merkel cell polyomavirus and trichodysplasia spinu‑
losa polyomavirus. PLoS Pathog. 2021;17(5):e1009582.

	176.	 Soltani S, Mansouri K, Emami Aleagha MS, Moasefi N, Yavari N, Shakouri 
SK, et al. Extracellular vesicle therapy for type 1 diabetes. Front Immu‑
nol. 2022;13:865782.



Page 16 of 16Mahmoudvand et al. Infectious Agents and Cancer           (2022) 17:58 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	177.	 Teow S-Y, Liew K, Khoo AS-B, Peh S-C. Pathogenic role of exosomes 
in Epstein–Barr virus (EBV)-associated cancers. Int J Biol Sci. 
2017;13(10):1276.

	178.	 Verweij FJ, de Heus C, Kroeze S, Cai H, Kieff E, Piersma SR, et al. Exosomal 
sorting of the viral oncoprotein LMP1 is restrained by TRAF2 association 
at signalling endosomes. J Extracell Vesicles. 2015;4(1):26334.

	179.	 Wang J. Novel implications of exosomes in diagnosis and treatment of 
cancer and infectious diseases. BoD–Books on Demand; 2017.

	180.	 Kung CP, Meckes DG Jr, Raab-Traub N. Epstein–Barr virus LMP1 
activates EGFR, STAT3, and ERK through effects on PKCdelta. J Virol. 
2011;85(9):4399–408.

	181.	 Qian X, Xu C, Fang S, Zhao P, Wang Y, Liu H, et al. Exosomal microRNAs 
derived from umbilical mesenchymal stem cells inhibit hepatitis C virus 
infection. Stem Cells Transl Med. 2016;5(9):1190–203.

	182.	 Elliott RO, He M. Unlocking the power of exosomes for crossing biologi‑
cal barriers in drug delivery. Pharmaceutics. 2021;13(1).

	183.	 Bonito PD, Ridolfi B, Columba-Cabezas S, Giovannelli A, Chiozzini C, 
Manfredi F, et al. HPV-E7 delivered by engineered exosomes elic‑
its a protective CD8+ T cell-mediated immune response. Viruses. 
2015;7(3):1079–99.

	184.	 Johnsen KB, Gudbergsson JM, Skov MN, Pilgaard L, Moos T, Duroux M. 
A comprehensive overview of exosomes as drug delivery vehicles—
endogenous nanocarriers for targeted cancer therapy. Biochimica et 
Biophysica Acta (BBA)-Rev Cancer. 2014;1846(1):75–87.

	185.	 Kim S, Sohn H-J, Lee H-J, Sohn D-H, Hyun S-J, Cho H-I, et al. Use of 
engineered Exosomes expressing HLA and Costimulatory molecules 
to generate antigen-specific CD8+ T cells for adoptive cell therapy. J 
Immunother. 2017;40(3):83–93.

	186.	 Stickney Z, Losacco J, McDevitt S, Zhang Z, Lu B. Development of 
exosome surface display technology in living human cells. Biochem 
Biophys Res Commun. 2016;472(1):53–9.

	187.	 Aqil F, Kausar H, Agrawal AK, Jeyabalan J, Kyakulaga A-H, Munagala R, 
et al. Exosomal formulation enhances therapeutic response of celastrol 
against lung cancer. Exp Mol Pathol. 2016;101(1):12–21.

	188.	 Li X, Corbett AL, Taatizadeh E, Tasnim N, Little JP, Garnis C, et al. 
Challenges and opportunities in exosome research—perspec‑
tives from biology, engineering, and cancer therapy. APL Bioeng. 
2019;3(1):011503.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Small extracellular vesicles as key players in cancer development caused by human oncogenic viruses
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	The role of exosomes in human oncogenic viruses-associated cancers
	Hepatitis B virus (HBV)
	Hepatitis C virus (HCV)
	Epstein–Barr virus (EBV)
	Human papilloma virus (HPV)
	Human T-lymphotropic virus type 1 (HTLV-1)
	Kaposi’s sarcoma-associated herpesvirus (KSHV)
	Merkel cell polyomavirus (MCPyV)
	Attractive prospects of exosomes for diagnostic and therapeutic of human oncogenic viruses-associated cancers


	Conclusions
	Acknowledgements
	References


