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Abstract: Merkel Cell Polyomavirus (MCV) is a virus belongito the human Polyomavirus family. After its digeoy and
detection in approximately 80% of Merkel Cell Cainina (MCC) tumors, it has been associated withrtris and aggressive
skin cancer that primarily affects elderly and immosuppressed people. In this study, a systematiewewas developed to
gather and evidence information about the involvened MCV infection in the development of MCC. Amalysis was
performed in the PubMed database in order to fitidles to answer the purpose of this present stNahety-seven articles met
the criteria, forty-six of them investigated theyalence of MCV in MCC clinical samples, and alhafed that the MCV-MCC
association exists, with the viral presence ran@iog 18 to 100% in MCC tumors. In addition, resybbinting to the MCV
potential carcinogenic, infection, transmission aedlication mechanisms, or even possible diseamd&ars or therapeutic
evaluations were found. Current literature has destrated frequent involvement of MCV in MCC, witlrgey of some disease
indicative laboratory markers and possible therdp&valuations.
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development, specifically Merkel Cell Carcinoma (RJ6].
MCV is a small, non-enveloped and double-strand&AD
virus [7], unknown until mid-2008 when his DNA wésind
in tumors of MCC. Thenceforth, the MCV has beeror&ga

1. Introduction

The transformation process of normal cells intoigmant

tumor cells is caused by sequence genetic mutatous | i o .
consists of sequential stages in cascade [1]. Téworge N approximately 80% of cases of individuals witiC/ [8].

sequencing efforts have identified a large numbesomatic ~ MCC is arare type of skin cancer of neuroendoaiigin [6]
genomic alterations and numerous germinal mutatiorfd Was first described in 1972 by Toker [9]. Tiuentially
associated with cancer predisposition. Viruses rity fatal cancer consists of a malignant tumor thatcadf mostly

depend on the host cell and during the coursefetiion may
result in pathological phenotypes similar to thobserved in
mutations that lead to carcinogenesis [2].

Some associations between viruses and cancer iarfsuane
described in the literature. Among the most comnone, can
cite the connection between the Epstein-Barr EBV) and
gastric tract cancers, Burkitt's lymphoma and naapmgeal
carcinomas [3]; hepatitis C virus (HCV) and the dtepellular
carcinoma [4]; and human papillomavirus (HVP) aadvical,
anal, vaginal, vulvar and penile cancers [5].

Merkel Cell Polyomavirus (MCV) belongs to the fayndf
human Polyomaviruses. This family consists of 10niers,

white elderly people and immunocompromised indigidy
such as transplant or AIDS patients. Other possi#efactors

for the development of this cancer are histories of
non-melanoma skin cancer, leukemia or lymphoma 110,
The incidence of MCC increased sharply between#figd-and
20086, tripling over this period (from 0.2 to 0.611000 cases
per population in the US) [12], with a mortalityteaestimated

of one-third of diagnosed patients [13].

Likely due to its association with MCC, MCV has roedl
attention in the clinical and scientific commungy, it helps to
understand the etiologic context of this disea€y.[In this
work, a systematic review was developed to gather

being so far the MCV the only associated with Car]Cé'nformation and evidence about the involvement of£\WM

infection in the development of the MCC
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2. Methods that was traditionally used for the detection of WICT, were
) ) ) reported. Furthermore, the expansion of the MC\érgire

A systematic review in PubMed database was perfdrmey primers for PCR, showed results of 100% positifor
using the keywords "Merkel cell carcinoma” and "Kercell  \1cv DNAIn MCC samples [25, 28]. Detection of MC\itv

polyomavirus,” in search of original papers cont®nthe  ,nihqdies against the T antigens can also be fmebloth
MCV-MCC association published between February 2048 monitoring of therapy to assess regression, agvatuating

September 2014 _and with available summary. Theatitee o stage of the disease and recurrence [29, 30]a I
survey was done in the months from May to Octoldd42 prospective study, the presence of T antigens oiraiizing

The studies were selected through the title, suiesand ;1 odies against MCV was indicated as a riskofagor
further reading of the full work. Clinical trialsase reports, in development of the MCC [31].

vitro assays and research and support works weakyzad.
Ninety-seven studies that met the inclusion catdar this
study were selected.

Cytokeratin-20 (CK20) is a common marker for the
identification of MCC, but despite the simultanequesence
of CK20 with seropositivity to antibodies againke tMCV
) . small T (sT) antigen was observed in MCC tumorg,[88&
3. Results and Discussion marker should not be used to identifying viral pre=e in the
tumor [32, 33]. Although the MCV DNA was found isgues
from lymphoid cancers, the MCV LT antigen was netedted
in tumor cells by these malignancies using monalon
antibodies against the LT, suggesting a non-viealsation
these cases [34].

The MCV DNA can be detected in healthy individuats
non-MCC patients, showing a possible contact with\tirus
in the general population at some stage of lifel #rat the
infection may be asymptomatic in most individu&s | 37], .
However, immunosuppression of the individual isphienary
risk factor for cancers of viral etiology [38]. Téthe disease
state (e.g., AIDS), advanced age, or chemothenaagnbent
3.2. MCV and MCC Association for other malignancies can lead to a high rate ibfisv

replication, triggering the possible carcinogeniecimanism
In USA, Feng and coworkers (2008) reported theepmes 17 39 40]. when detected in MCC tissues, thal\aad of

of MCV genomic sequence in approximately 80% of MCGycy are vastly greater than those observed in roTeerous

tissues analyzed by using the polymerase chaintioeac yisqes 30, 41], occurring viral mutations whigipaar to be
(PCR). In addition to these findings, clonal intgyn of the specific signatures for carcinogenesis [24]. Théseno

virus into the genome of tumors was confirmed bin@is  5pnarent correlation between age or sex of indalidland the
digital transcriptome subtraction (DTS) [14]. Froms study infection by MCV, however, for MCC cases, a sligdency

it was suggested that MCV infection and the int8graof  j, temales was observed [42]. Although it is mashenon in
viral DNA in the tumor cells prior to clonal expams of 1o ckin the MCC can metastasize [43 - 46] or beco
tumor cells [14 - 16]. Forty-five subsequent stsdienducted  ocrrent, while this makes it difficult to differtate these

in various locations and using different methodsdetection 1, events [47].

of MCV also showed high prevalence of MCV in MCC  there s 4 correlation between the MCC and other
tumors. A few studies have reported a lower prexcdg17 - malignancies, especially in the skin [42], hightigly the

19], although the integrity of the sample may hawienced  4amous cell carcinoma (SCC) [48, 49], basalettinoma

the results, as well as the collection epoch, waesamples (BCC) [48, 50], and chronic lymphocytic leukemial{Q
collected at an interval of 10 years showed higledjence of [51], which lead to risk of developing MCC as aawtary

positivity for MCV [17]. However, the MCV was proped as  cancer, and vice-versa. There are other types néeca
a possible specific marker for differentiation ofC from < cociated with MCC, although with less numbereabrds,
other histologically similar cutaneous malignandia® - 23]. making it difficult to consolidate data [52 - 5&espite the
Epidemiological studies of MCV in patients with MGBe  4q5qciation between MCC and other cancers, appatbate
sum.manzed.m Table 1 ) , is no involvement of the MCV and these other maliggies

With the high detection rate of MCV in these tumadtrsvas [50, 53, 56 - 59]. There are a few exceptions taw

suggested that the improvement of the detectiorhoust ,sqciation between MCC and other cancers: thepeesof
would increase the frequency of MCV found in MC@ars  \1cvin Kaposi's sarcoma [54] and the detection @Win

[24 - 27]. A greater prevalence of MCV in MCC tum@ssing  gcc  tymors, with  concomitant presence of human
an immunohistochemical = (IHC) method ~ with  Ab3 o 5ijiomavirus (HPV) in a combined tumor of MCC &@C,
(anti-anti-idiotype antibodies), a new mouse moanal g ,q4esting a possible synergism of oncovirus [60].

antibody against MCV LT (large T) antigen, compareith The transmission route of MCV is not yet establishe
those obtained by the use of CM2B4, a monoclondbadly  another study reported a mechanism of fecal-oral

3.1. Results

The 97 studies selected for review were analyzedorg
the studies investigating the prevalence of MCVMEC
clinical samples (46 studies), all detected thassin at least a
portion of the analyzed samples, with relativelghhibut
variable prevalence (ranging from 18 to 100%). Ahds,
confirming the MCV-MCC association. The resultsridun
the works include the possible carcinogenic anediibn
mechanisms of MCV, replication and transmissiond an
possible disease markers or therapeutic evaluation.
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transmission as plausible after having been detebigh non-MCC tissues [41]. Although the MCV has beeredid
levels of MCV in samples of digestive tract compghte in samples of placenta, there is no evidence oémat-fetal
samples of skin, respiratory tract, saliva and fribve liver.  transmission [61].

Samples analyzed by the group for this purpose \rera

Table 1. Forty-six studies that show MCV-MCC association

Author /year L ocal of study Method MCV positivity
Feng/2008 [14] USA PCR 80% (8/10)
Kuwamamoto/2011 [15] Japan PCR, IHC (CM2B4)* 77% (20/26), 81% (21/26)
Sastre-Garau/2011 [16] France PCR 100% (10/10)
Garneski/2011 [17] USA, Australia PCR 69% (11/16), 24% (5/21)
Paik/2011 [18] Australia IHC (CM2B4) 18% (19/104)
Duncavage/2009 [20] USA PCR 78% (32/41)

Erovic/2013 [23] Canada IHC (CM2B4) 97% (29/30)

Laude/2010 [24] France PCR 95% (41/43)

Ota/2012 [25] Japan PCR, IHC (CM2B4) 100% (9/9), 89% (8/9)
Hattori/2013 [26] Japan PCR, IHC (CM2B4) 889%(23/26), 77% (20/26)
Carter/2009 [27] USA PCR, ABA (VP1a) T77% (24/31), 94% (29/31)
Rodig/2012 [28] USA PCR, IHC (Ab3), IHC (CM2B4) 100% (60/60), 97% (56/58), 81% (46/57)
Paulson/2010 [29] USA IHC (CM2B4) 77% (108/139)
Touzé/2011 [30] France PCR, ELISA 75% (51/68), 65% (44/68)
Faust/2013 [31] Sweden, Norway IHC 86% (19/22), 50% (11/22)
Andres/2010 [32] Germany PCR 64% (21/33)

Shuda/2009 [34] Spain IHC (CM2B4) 58% (21/36)
Foulongne/2010 [35] France PCR 78% (14/18)
Wieland/2009 [36] Germany PCR 88% (30/34)

Loyo/2010 [41] USA PCR 86% (6/7)

Bhatia/2010 [43] USA PCR 74% (17/23)
Wetzels/2009 [45] Netherlands PCR 40% (2/5)

De Biase/2012 [46] Italy PCR 100% (18/18)
Reisinger/2010 [49] USA IHC (CM2B4) 75% (15/20)

Katano/2009 [54] Japan PCR 55% (6/11)

Ly/2012 [55] Canada IHC (CM2B4) 63% (17/27)

Busam/2009 [57] USA PCR, IHC (CM2B4) 88% (15/17), 67% (11/17)
Jung/2011 [58] Korea PCR, IHC (CM2B4) 86% (12/14), 85% (11/13)
Mangana/2010 [59] Switzerland PCR 67% (20/30)

Sihto/2009 [63] Finland PCR 80% (91/114)
Martel-Jantin/2012 [70] France PCR 61% (59/97)
Nakamura/2010 [71] Japan PCR, IHC (LT252) 58% (11/19), 39% (7/18)
Kassem/2008 [73] Germany PCR 77% (30/39)
Handschel/2010 [80] Germany PCR 66% (29/44)
Schrama/2011 [81] Germany, Australia PCR 85% (116/136), 87% (33/38)

Iwasaki/2013 [83] Japan PCR, IHC (CM2B4) 74% (32/43), 68% (29/43)
Houben/2010 [87] USA PCR 78% (43/50)

Hall/2012 [90] USA IHC (CM2B4) 47% (17/36)

Waltari/2011 [91] Finland PCR 77% (67/87)

Nakajima/2009 [95] Japan PCR 79% (11/14)

Matsushita/2014 [100] Japan/UK PCR, ISH, IHC (CM2B4) 50% (16/32), 50% (16/32), 50% (16/32)
Xie/2014 [101] Sweden PCR, IHC (CM2B4), IHC (Ab3) 42% (14/33), 36% (12/33), 85% (28/33)
Becker/2009 [106] Germany PCR 85% (45/53)

Varga/2009 [107] Hungary PCR 78% (7/9)

Paolini/2011 [108] Italy PCR 89% (8/9)

Perez-Ramirez/2008 [109] France PCR 89% (8/9)

ISH: in situ hybridization; ABA: antibody-bindingaay; CM2B4: monoclonal antibody against MCV LTigen; VP1a: monoclonal antibody against MCV
capsid protein VP1; Ab3: monoclonal antibody agaM€V LT antigen; LT252: monoclonal antibody agaiMCV LT antigen.

The classification of MCC cell lines is made unthername was proposed after both MCV-positive and negativeQvell
of "classical" and "variant" phenotypes. These piygres are lines with features belonging to the classical etgriwere
further divided into subtypes based on morphologyl a discovered [62]. MCC cases may have the expressfon
expression of genes taken neuroendocrine markg}slfthas retinoblastoma protein (pRb) or not. The subgroups
been suggested that the classical phenotype ithéoMCC expressing pRb carry high levels of viral loadref MCV and
MCV-positive strains, and the MCV-negative straare the also express LT antigen. MCCs with low level or no
variant [43]. However, Fischer et al. (2010) suggeés new expression of pRb and LT antigen carry low or uedetble
classification based on the presence of virus rmategn viral load, and in these groups the survival rateds to be
patterns and mutations in LT protein. This new sifasation  lower [43].
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A persuasive fact that supports the hypothesisNIGY is
an etiological factor for MCC is the clonal intetioa of the
virus into the tumor cells genome. The virus appdarbe
integrated in head-tail manner as concatemers,oralyd
distributed in different locations throughout thall genome
[14]. T antigen proteins have been frequently olesdrin
MCC tumors, the majority of these are positivedmgsence of

characteristics of a polyomavirus, including a 58&%e pairs
circular double stranded DNA, a primary region thatodes
genes for small and large T antigens, a late regitingenes
for the viral capsid proteins VP1, VP2 and VP3, and
regulatory region that contains the viral originreplication

and bidirectional promoters for the primary ance lgenes
[28]. It is known that the capsid protein VP1 iatetis with

MCV LT antigen and only tumor cells are reactiver fo N-acetylneuraminic acid of gangliosides that arpanant for

antibodies against LT antigen [63]. Many MCV-positi
tumors that are not reactive to LT express redgtiwith
specific antibodies against sT antigen of the viRecently, it

viral entry and integration of the plasmid into thast cell [64].
The MCV LT modulates helicase activity, which playey
role in viral replication by binding the origin odplication and

has been suggested that sT antigen is most commontiggering [65]. There are many plausible mechasidmy

expressed in MCC tumors than LT [34]. Clinical s&sd
showed that metastasis rate of MCV-positive tumsrkess
frequent than in MCV-negative cancers. Thus, alkghothe
prevalence of MCV genome in MCC tumors is highjqras
with the MCV-positive have a better prognosis [3D, 63].

3.3. Possible Carcinogenic Mechanisms of MCV

which the MCV induces cell transformation. The most
knowable path involves constitutive expression dfand sT
proteins, with the hypothesis that MCV LT is thanpary
oncoprotein and sT exerts an accessory role innmayenesis
[66 - 68].

Figure 1 outlines the possible carcinogenic mecmsi
triggered by MCV proposed by the studies reviewed.

Sequencing of the MCV complete genome revealed

Mutant 1T > | Brdd interaction
Wildtype LT !
1 ., 3J-
¥
p53 Strvivin pRb Loss of viral XPC Fbw?
helicase activity g
g
¢ y
Cell cycle arrest EIF DMNA repair ?\'IC.‘" .
and apoptosis replicationin
hostcells
W Sl
Genes
transcription Protein 4EBP1 |28 | sTantigen
—= Induction translation 11J_
— Inhibition
FP2A
W
Cell zrowthand J‘
proliferation x Signaling
kinases

Figure 1. Schematization of possible carcinogenic mechanisms pf MCV. 1: P53 induction by wildtype LT, causing cell cycle arrest and apoptosis; 2:
antiapoptotic protein survivin induction by mutant LT; 3: pRb inhibition by mutant LT, preventing pRb-E2F interaction and allowing genestranscription; 4: loss
of viral replication by loss of viral helicase; 5: XPC protein inhibition by mutant LT, preventing repair of damage to DNA; 6: Proteosomal Degradation of LT
mediated by Fbw7; 7: Mutant LT-Brd4 interaction, allowing viral replicationin host cells; 8: MCV replication in host cellsincreases LT and sT antigen levels; 9:
Fbw7 inhibition by ST antigen, protecting LT of degradation; 10: 4E-BP1 negative regulator of protein trandation is inhibited by sT antigen; 11: Inhibition of
PP2A by sT antigen, allowing signaling kinases activity.

Studies on the role of mutations in MCV T antigdtera
clonal integration of the virus into host cells aiid
implication in the development of MCC report trutezh
deletions or mutations in exon 2, which encodedélicase

[49, 69 - 71]. Mutations in exon 3 were also repdytieading
to the loss of C-terminal region of the MCV. Thisgion
interacts with p53, increasing its phosphorylatiamd
activation, thus its loss seems to lead to a sttiarn of cell
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growth, favoring the tumors development [68, 78]atldition
to this, a deletion in VP1 has been identified amious MCV
strains detected in MCC tumors. This deletion iineot
Polyomavirus is correlated to integration of clomals into
the host genome or as a consequence of the eaint [7
There are some possible explanations for the feattsolar
exposure is a likely risk factor for the developmehMCC.
The mutant LT antigen found in MCC inhibits the agphat
ultraviolet radiation (UVR) typically causes on DNA
probably mediated by decreasing expression of tiC X
protein, which recognizes the DNA damage and itgitihe
repair process, and may be involved in carcinogsr{é§].
Furthermore, UVR can increase the expression leoéls

family occurs only in cases of MCV-negative cancéisese
clues suggest that the involvement of p53 in tug@nesis of
the MCC is not related to infection by MCV. Howepigis not
possible to exclude the hypothesis that this indeatannot be
involved at some stage of tumor evolution with desin the
p53 activity [67, 77, 86, 89 - 93].

The notion that the LT antigen expression is neagsfor
the maintenance of MCV-positive tumor cell linessvauit to
the test by the use of doxycycline to induce simailipin RNA
(shRNA) for inhibition of the MCV T antigens. Thesicing
of expression of T antigen in samples from some
MCV-positive MCC cell lines showed a clear reduatio cell
viability within days [67, 94]. Moreover, good rdsuhave

messenger RNA (mRNA) of MCV sT antigen [74]. Thebeen reported with the use of interferons (INFs)rfegative

presence of high rates of pyrimidine dimers sulnsbihs
between mutations at the LT was observed, suggestiof

regulation of LT expression in MCV-positive tumaglidines
[67], and complete tumor regression in a case te[9&i.

UVR role in transformation process [69]. The lowestAlthough, Houben et al. (2011) presented resuétsttie MCC

prevalence of MCV in MCC tumors reported in somelsts
in Australia [17, 18] suggests that the viral causenot
majority for development of MCC in this region. Thigihest
rate of sun exposure and clearer skin can be dadshr for
this population [18].

It is suggested that LT protein derivative from M@gsues
acquire mutations that leads to complete replicasiblation
of MCV, and that these truncated mutations at fheak well
as the loss of viral replication are essential &vdar the
tumorigenesis induction by MCV [24, 68, 69]. Moreoyvit
has been proposed that the LT N-terminal half-cingied to
be intact so the LT can bind to Brd4 (bromodomaintaining
protein 4). This connection plays a critical role DNA
transcription, cellular growth and replication ofdM in host
cells [75]. Other studies show that despite charigethe
helicase activity and loss of viral replicatione tinutations did
not affect the binding portion of the LT with pRB6], 77].
Recently, it was found that the DNA damage respdD&R)
of the host is important for replication of MCV eaift
undergoing mutations that lose normal replicati@thanism.
It was seen that the DDR inhibition affects the amatLT
replication in vitro [78]. Another observed consegoe of
changes in LT was that it inhibits the expressibthe toll-like
9 receptor (TLR9) mRNA, interfering with the hostmune
system activity [79].

Some authors have reported that even with possitd¢
causation, there is no correlation between theepias of the
MCV and the disease course in MCC [80, 81]. Howetherre
is evidence that the two types of MCC tumors dgvéthoough
different pathways [15, 43, 82].
MCV-positive tumors is typical, while the MCV-negat
exhibit highly variable morphology [15, 83]. Thexee reports
of a strong association between pRb and expressiwh
presence of LT antigen in MCC tumors, suggestiag BhCV
LT antigen has an essential role in oncogenesis

MCV-positive lineage Loke did not subside even wiiie
silencing of viral T antigens. Thus, it was suggdghat MCV
operates only in the early carcinogenic procesome MCC
cases, and that the loss of MCV after this step takg the
cancer to a more aggressive behavior [76, 96].

The sT antigen of MCV also seems to play an immbrta
role in development of malignant tumors by dismgtihe
activity of PP2A proteins family, which oppose tmivity of
signaling kinases essential for the cell cycle pesgion [69].
The sT oncoprotein also promotes the phosphorylatib
4E-PB1, a negative regulator of protein translatibat is
normally phosphorylated by mTOR (mammalian target o
rapamycin). The phosphorylation of 4E-BP1 by sT-iateal
pathway increases its stationary period in relatmmTOR
phosphorylation of the Akt-mTOR pathway, keeping it
inactive for longer. In addition, sT antigen appe@arenhance
the expression of LT, and protects it from protensb
degradation mediated by ubiquitination by Fbw7 tumo
suppressor [97]. However, despite the sT antigaifibe able
to inducing a cell transformation, the more likilis that both
MCV T antigens act in concert to cause cell trarmafdion
and trigger the proliferation of malignant cell8][®9]. The
detection of both T antigens may help in understandhe
mechanisms that trigger carcinogenesis in eachnt{ihog].

Another reported factor that probably contributes t

MCV-mediated oncogenesis is the expression of an
oncoprotein named survivin (BIRC5 - baculoviral itmtor
of apoptosis repeat-containing 5) seven fold in

MCV-positive MCC tumors than in MCV-negative [88].

The morphology ofSince the expression of survivin is controlled Ay which

pRb binding domain needs to be intact for the oncigin
gene transcription, LT antigen appears to be nacgdsr
survival of MCV-positive tumors, and may be a thpsatic
target [23, 88, 101]. It was also observed regoessif
ofimors introduced by xenography in mice by inhdoitiof

MCV-positive MCC. LT binds to pRb and prevents thesurvivin [102]. The use of miR203 to silence th@mssion

formation of RB-E2F complex, allowing cell progriess[68,

84 - 87]. In MCV-negative MCC, it is observed a ese in
pRb expression, an important factor for tumorigéniesthese
cases [88]. There are also indications that mutatio the p53

of survivin showed good results only in MCV-negatMCC
strains [101]. Another signaling pathway, which eoft
presents activated in human cancers is the PI3K/AKils
protein was identified activated in cases of MCChwi
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mutations in some genes possibly involved in thecess. [5]
However, activation of this pathway was not relatedhe
presence of MCV in the tumors, so it appears to
independent of viral infection [103]. The obserwatiof
lymphocyte infiltration in MCC tumors indicates tha
antigens are immunogenic, and the exact knowleddgbeo
epitopes may help in vaccine development [39].

Some studies indicate that despite the high precalef
MCV in MCC tumors, the MCV-negative tumors are éast [7]
growing and more aggressive, representing a wotsgnpsis
[84, 104]. Akgil and colleagues study (2011) shovleat
MCV-positive cancers cell lines MKL-1, MS-1, WaGada
MKL-2, showed lower levels df-5 integrin expression when [8]
compared to MCV-negative cell lings5 integrin is a subunit
of heterodimeric membrane receptors, importanaétiresion
to extracellular matrix (ECM). Therefore, thesel tieles do
not grow adhered to the ECM, but in suspensiorh avglower
proliferation than MCV-negative tumors [105].

be

(6]

(9]

_ [10]
4. Conclusions

High prevalence of MCV in MCC has been proven b3f11]
several studies. An improvement in methods of digtieenay
possibly show that this prevalence is still higthem what has
been preconized. Although the exact mechanism bghathe
MCYV leads to cell transformation is not fully eldated, there
is strong evidence of its carcinogenic potentiahwiiral T
antigens, and that the two tumor lineages devejogifferent
pathways. These antigens play essential roleseiptbgress
of MCV-positive MCC, and the LT antigen is primaril [13]
responsible for triggering the carcinogenic mec@niith sT
antigen exerting an advisory role, both consistimgotential
therapeutic targets. This systematic review pdmthie proof
of evidence of the association of MCV in MCC tumor
development, with high viral detection, integratmfryenome
and detection of viral T antigens. Additionally,ns® risk
factors were identified, such as solar exposure arldd]
immunosuppression, and the possibility of using esom
markers as indicative of disease and possible pketa
evaluation.

(12]

(14]

(16]
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