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Abstract

Background: Actinic keratosis (AK) is a precursor of cutaneous squamous cell carcinoma (cSCC). UV radiation is the
major risk factor for AK, but certain human papillomaviruses (HPVs) of the beta genus are also involved in its develop-
ment. Differently, the role of polyomaviruses (PyVs) in skin carcinogenesis is still debated. Fiftheen PyVs have been
isolated from human tissues so far, including Merkel cell polyomavirus (MCPyV), the aetiological agent of Merkel cell
carcinoma.

Methods: The presence of 13 PyVs was assessed in skin samples from AK patients (n = 342). Matched fresh-frozen
scrapings from healthy skin (HS) and AK lesions from 242 patients, and formalin-fixed paraffin-embedded AK biopsies
from a different cohort of 100 patients were analyzed by multiplex PyVs genotyping assay.

Results: The most frequent lesion site was the scalp in men (27.3%), and the cheek area in women (29.0%). Differ-
ences between men and women were significant for the scalp, the cheek area and the lips. Almost all the scrapings
were PyV-positive (HS: 89.7%, AK: 94.6%; p=0.04). The three most frequent PyVs were MCPyV, HPyV6 and JCPyV (HS:
87.2%, 58.7%, 6.6%, respectively; AK: 88.8%, 51.2%, 9.9%, respectively). HPyV9, TSPyV, BKPyV, HPyV7, LIPyV and SV40
were detected in < 2% of the scrapings. In most cases, matched HS and AK scrapings were both positive (MCPyV:
78.1%, HPyV6: 41.7%), or both negative for the individual genotypes (for the remaining PyVs). PyV prevalence in AK
biopsies was 22.0%. Only MCPyV (21.0%) and HPyV6 (3.0%) were detected in these samples.

Conclusions: PyV prevalence in HS and AK scrapings was high, but detection of PyVs exclusively in AK scrapings was
rare. PyV positivity rate in AK biopsies was modest. Further research is need to reach firm conclusions regarding the
role of these viruses in AK development.
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Introduction

Ultraviolet light is a key risk factor for cutaneous squa-
mous cell carcinoma (cSCC) [1], but viral infections
are also involved. Indeed, an association between beta-
human papillomaviruses (HPVs) and ¢SCC has been
found [2]. This neoplasia may be preceded by a precursor
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of human polyomaviruses (HPyV) in skin carcinogenesis
has been also examined, but with controversial results
[4-7]. To date, 15 PyVs have been isolated from human
specimens [8].

Worldwide studies have shown that HPyVs are com-
mon in healthy individuals [9]. Seroprevalence ranges
from 23% (HPyV12) up to 90% for BK-, JC-, KI-, WU-,
TSPyV, and HPyV10. For some HPyVs, ie. MCPyV,
HPyV6, HPyV7 and TSPyV, seroprevalence increases
with age, whereas it remains constant for others (ie.,
BKPyV and HPyV9) [10, 11]. A low seroprevalence has
been reported for NJPyV, LIPyV and HPyV9 and SV40
while serology for HPyV14 and QPyYV is not available yet.
Serology studies have also shown multiple HPyV infec-
tions [12, 13].

Most HPyVs cause asymptomatic and self-limiting
infections in immunocompetent hosts, while they are
responsible for chronic conditions and severe diseases
in oncological patients and organ transplant recipients
(OTR). MCPyV is the causative agent for the majority of
Merkel Cell Carcinomas (MCC), an aggressive neuroen-
docrine carcinoma of the skin [14]. Epidemiological stud-
ies reported an association of JCPyV, BKPyV, MCPyV
and TSPyV with several malignancies [4, 15] and molecu-
lar studies showed viral integration and/or large T anti-
gen (LTAg) expression in tumour samples [16—20]. For
these reasons, these four viruses have been classified by
the International Agency for Research on Cancer (IARC)
as possible human carcinogens [21].

To further evaluate the role of PyVs in skin carcino-
genesis, we have analyzed paired fresh-frozen scrapings
from AK and healthy skin (HS) of immunocompetent AK
patients, to evaluate the presence of both PyVs suspected
to be oncogenic and those not yet associated with any
pathology. Formalin-fixed paraffin-embedded (FFPE) AK
biopsies were also analyzed.

Material and methods
Study populations
Two study groups were included: (1) patients with a clini-
cal diagnosis of AK and a single lesion eligible for laser
surgery, enrolled at the National Institute for Health,
Migration and Poverty (NIHMP), Rome, Italy [22]; (2)
patients with a histologically-confirmed diagnosis of AK
performed at the San Gallicano Dermatological Insti-
tute (ISG), Rome, Italy. The socio-demographic data and
lesion site were recorded. Informed consent was obtained
from all the subjects enrolled at NIHMP. The patients
enrolled at ISG provided a general consent for research
use of surplus tissue at the moment of biopsy collection.
The study was approved by the Ethics Committee of
the NIHMP (2014) and the San Gallicano Dermatological
Institute (CE943/17; RS/1090/18).
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Skin scraping collection

Skin samples (n=242) were collected by scraping the
AK lesion with a sterile spatula without reaching the
dermis. A scraping of healthy-looking skin (n=242,
hereafter HS) was also collected from the glabellar area
using a different sterile spatula. All samples were stored
until processing at — 80 °C.

AK biopsies

FFPE skin biopsies (n=197) from AK patients con-
secutively diagnosed at ISG in 2017 were retrieved
from the archive of the Pathology Department. Only
samples with sufficient material for the molecular
analysis and confirmed AK diagnosis after hematoxylin
and eosin (H&E) staining were included in this study.
Upon visual inspection of the FFPE blocks, 95 were dis-
carded because of the very small size of the tissue sam-
ple, and 102 cases were selected. From each of these
FFPE blocks, the following sections were obtained: (1)
1x5 pm up to 5x5 pm sections, depending on the
tissue size, for the PyVs typing by Luminex molecular
assay; and (2) 1 x 2 um section, used for H&E staining
and confirmation of the histological diagnosis, per-
formed by an expert dermatopathologist. Strict con-
ditions during sectioning procedures were adopted in
order to avoid cross-contamination between samples
[23].

DNA purification

Scrapings were thawed in ice and digested with protein-
ase K at 50 mAU/ml (Qiagen) in 0.4 ml of 20 mM Tris—
HCI, 1 mM EDTA, 0.5% SDS pH 7.5, for 4 h at 50 °C.
After proteinase K inactivation a 95 °C, the DNA was
extracted using the Nuclisens Easymag automated plat-
form according the manufacturer’s instructions. FFPE
sections were incubated overnight at 37 °C in 0.25 ml
of 10 mM Tris/HCI at pH 7.4, 0.5 mg/ml proteinase K,
and 0.4% Tween 20. Then, to inactivate the proteinase K
and to separate paraffin from the aqueous phase, sam-
ples were incubated at 95 °C for 10 min, centrifuged,
and chilled on ice. The aqueous phase containing DNA
was transferred to a new tube. Strict procedures were
employed to avoid cross-contamination during DNA
purification.

Multiplex PyVs genotyping by beads-based Luminex assay
Identification of HPyV6, HPyV7, MCPyV, JCPyV, BKPYV,
KIPyV, WUPyV, TSPyV, HPyV9, HPyV10, HPyV12,
LIPyV and SV40 was performed using a highly sensi-
tive type-specific multiplex assay, which also provides a
semi-quantitative measure of the viral load. The IARC
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Multiplex PyVs molecular assay has been extensively vali-
dated [24, 25].

In each PCR-multiplex reaction, 10 pl of DNA was
used, together with type-specific PyV primers and prim-
ers targeting -globin gene, used as an internal control
[26]. The detection limit of this multiplex PCR genotyp-
ing assay is 10 copies of viral genome [27]. The results
are expressed as median fluorescence intensity (MFI) of
at least 100 beads per bead set. For each probe, cut-off
for positivity was computed as described previously [26].
The following negative controls were included in the
assay: (1) H,O processed along with the samples to moni-
tor DNA extraction and Luminex analysis and (2) H,O
used as a negative control in multiplex PCR.

Statistical analysis
Descriptive statistics were used to summarize the char-
acteristics of the study populations. The overall and type-
specific prevalence of PyVs in HS versus AK scrapings
(unpaired groups) were compared using Chi-square tests.
The heatmap showing the results for matched HS and
AK pairs was generated with the ClusVis program in
order to show each patient status for each PyV (negative/
positive) simultaneously in HS and corresponding AK
scraping. When the paired HS-AK scrapings were both
positive for a specific PyV, scraping pairs were also com-
pared in terms of MFI value, a semi-quantitative meas-
ure of the viral load. To investigate possible determinants
of positivity for any PyV, MCPyV, HPyV6, and JCPyV,
univariate analyses were performed taking into account
the following variables: age and sex for HS samples; age,
sex and lesion site (sun-exposed: scalp, forehead, cheek,
nose, auricle, lips; unexposed sites: arms, chest and torso)
for AK samples. A p value<0.05 was considered as sta-
tistically significant. The analyses were performed using
MedCalc® Statistical Software version 20.014 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.
org; 2021).

Results
Study population
Skin scrapings were collected from 242 immunocom-
petent patients (age range: 48—94 years; median age:
74, IQR: 68-80), of which 141 men (58.3%; median age:
76 years, IQR: 70-81) and 101 women (41.7%; median
age: 72 years, IQR: 68—80). Most of the AK lesions were in
the head region (n =215, 88.8%). The lesions were signifi-
cantly more common in the scalp for males (p <0.0001),
and in the cheek area (p=0.0001), nose (p=0.002) and
chest (p =0.006) for females (Table 1).

We also analyzed 100 AK biopsies (two were discarded
because evaluation of H&E-stained sections did not
confirm AK diagnosis) collected from the second group
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of immunocompetent patients (median age: 74, IQR:
66—59): 55 (55.0%) from male (median age: 76 years, IQR:
66—81) and 45 (45.0%) from female patients (median age:
74 years, IQR: 64-78). The most frequent lesion site was
the scalp in men (27.3%), and the cheek area in women
(29.0%) (Table 1). Differences between men and women
were significant for the scalp, the cheek area and the lips.

PyV genotyping by Luminex beads-based assay

PyV prevalence in HS and AK scrapings

The results of the Luminex assay for the scrapings are
shown in Table 2.

At least one PyV was detected in 217/242 HS
(89.7%) and 229/242 AK scrapings (94.6%), respec-
tively (p=0.04). None of the HS or AK samples har-
bored HPyV10, HPyV12, KI- and WUPyV. MCPyV was
found in 211/242 HS (87.2%) and 215/242 AK scrapings
(88.8%), with no significant difference (»=0.58). HPyV6
represented the second most common genotype, being
detected in 142/242 (58.7%) HS and 124/242 AK scrap-
ings (51.2%), respectively (p=0.10). BKPyV was exclu-
sively detected in AK samples (6/242, 2.5%). Multiple
infections were frequently observed both in HS (141/242,
58.3%) and AK scrapings (118/242, 48.8%), p=0.036,
with a maximum of four different PyVs detected in a sin-
gle sample.

For HS scrapings, neither positivity for any PyV,
nor that for MCPyV, HPyV6, and JCPyV, significantly
changed according to age and sex (data not shown).
Regarding AK scrapings, positivity for any PyV, as well as
that for MCPyV and HPyV6, was not significantly differ-
ent according to age, sex and lesion site (data not shown).
Similar results were obtained for JCPyV regarding age
and lesion site. Differently, for female patients, JCPyV
prevalence in AK scrapings was significantly higher than
in male subjects (14.9% vs. 6.4%, p =0.03).

PyV prevalence in matched HS and AK scrapings

The results for the paired HS and AK scrapings from each
patient were then evaluated. Four outcomes were pos-
sible: concordantly negative (negHS-negAK) or positive
results (posHS-posAK), and discordant results (negHS-
posAK or posHS-negAK). When the paired HS-AK
scrapings were both positive for a specific PyV, the MFI
values were also evaluated. Table 3 shows the results for
the 242 matched pairs of scrapings, regarding both any
PyV and the individual genotypes (those not detected in
any of the samples were excluded).

A heatmap showing paired HS-AK results was also
generated (Fig. 1). The most frequent finding for the
paired scrapings was double positivity for MCPyV and
HPyV6 (78.1% and 41.7%, respectively), and double nega-
tivity for JCPyV (86.0%). MCPyV and HPyV6 MFI values
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Table 1 Anatomic site distribution of the AK lesions in patients with fresh-frozen cytological (N=242) and FFPE histological samples

(N=100)
AK site AK patients cytological samples AK patients histological samples

N=242 N=100

Male Female p value? Male Female p value?

N=141 N=101 N=55 N=45

n (%) n (%) n (%) n (%)
Head
Scalp 71(50.4) 3(3.0) <0.0001 15(27.3) 1(2.2) 0.0007
Forehead 20(14.2) 21(20.8) 0.16 7(12.7) 6(13.3) 093
Cheeks 14.(10.0) 34(33.7) 0.0001 5(09.1) 13 (29.0) 0.01
Temples 15(10.7) 7 (6.9) 032 7(12.7) 1(2.2) 0.06
Nose 6(4.2) 16 (15.8) 0.002 6(10.9) 6(13.3) 0.7
Auricles 3(2.1) 2(2.0) 0.96 3(5.5) 0(0.0) (AN
Eyes 0(0.0) 0(0.0) 0(0.0) 2(3.6) 2(44) 084
Lips 3(2.1) 0(0.0) 0.14 0(0.0) 4(8.9) 0.02
Trunk
Chest 2(14) 9(8.9) 0.006 3(5.5) 3(6.7) 0.80
Torso 4(2.8) 7 (6.9) 0.49 4(7.3) 3(6.7) 091
Extremities
Arms 3(2.1) 2(2.0) 0.96 2(3.6) 3(6.7) 0.48
Hands 0(0.0) 0(0.0) 0(0.0) 1(2.2) 0.27
Legs 0(0.0) 0(0.0) 1(1.8) 2 ( 045

Significant differences are highlighted in bold
AK, actinic keratosis; FFPE, formalin-fixed paraffin-embedded

2 p value for the comparison between AK lesion site in male and female patients

Table 2 Overall and type-specific prevalence of PyVs
scrapings from healthy-looking skin (HS) and actinic keratosis

in

(AK) of 242 AK patients
PyV type PyV-positive Table 3 Overall and type-specific results for PyV detection in
%) matched HS and AK pairs (HPyVs not detected in any samples are
nt not shown)
a

HS AK pvalue HS versus AK

n=242 n=242 N—242 n (%)
Any PyV 217 (89.7) 229 (94.6) 0.04 neg/neg neg/pos pos/neg pos/pos
MCPyV 211(87.2) 215(88.8) 0.58
HPYV6 142 (587) 124 (51.2) 0.10 Any PyV 1(0.4) 24(9.9) 12 (5.0 205 (84.7)
JCPYV 16 (66) 24.(99) 019 MCPyV 5(2.1) 26 (10.7) 22(9.1) 189 (78.1)
HPYVO 40.7) 2(08) 041 HPyV6 77 (31.8) 23(95) 41(16.9) 101 (41.7)
TSPyV 407) 2008 041 JCPyv 208 (86.0) 18(74) 10(4.1) 6(25)
BKPYV 0(00) 6(25) 0.01 HPyV9 238(984) 0(0.0) 2(08) 2(08)
HPYV7 104) 104) 100 TSPyV 236 (97.5) 2(08) 4(17) 0(00)
LiPyV 1 04) 1 04) 100 BKPYV 236/(97.5) 6(2.5) 0(0.0) 0(0.0)
HPYV10, HPYV12,KIPYY,  0(00) 0(00) ne LiPyV 241599 0(00) 0(000) 104
WUPYV SV40 240 (99.2) 1(0.4) 1(04) 0(0.0)

Significant differences are highlighted in bold

n.e., not estimable

2 p value for the comparison between scrapings from HS and AK lesions

Four possible results were evaluated for paired HS-AK scrapings: concordant
(neg/neg: both HS and AK negative; pos/pos: both HS and AK positive);
discordant (neg/pos: negative HS/positive AK; pos/neg: positive HS/negative AK)
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Fig. 1 Heatmap for the comparison between healthy skin (HS) and actinic keratosis (AK) samples for each single PyV at individual level. Colors
represent: (1) patients with both HS and AK samples negative for any PyV (negHS-negAK, grey); (2) patients with positive HS and negative AK for the
virus indicated (posHS-negAK, blue); (3) patients with negative HS and positive AK for the virus indicated (negHS-posAK, green); (4) patients with
both HS and AK positive for the virus indicated and showing a higher MFI value in HS than AK (HS > AK, orange), (5) patients with both HS and AK
positive for the virus indicated and showing a higher MFl value in AK than HS (AK> HS, red)
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were higher in HS than matched AK scrapings in the
majority of the concordantly positive cases (63.0% and
58.4%, respectively; data not shown) (Fig. 1). Conversely,
for JCPyV double positive cases (2.5%), MFI value was
higher in AK than HS scrapings.

PyV prevalence in FFPE AK biopsies

Overall PyV prevalence in AK biopsies was 22.0%. Spe-
cifically, 21 cases (21.0%) were positive for MCPyV and
3 cases (3.0%) for HPyV6 (2 samples harbored both
MCPyV and HPyV6). None of the other HPyVs was
detected in these specimens.

Discussion

The role of HPyVs in human carcinogenesis has been well
established for MCPyV [28]. Data are more controversial
for other HPyVs. Epidemiological studies have suggested
involvement in colon and brain cancer for JCPyV, thymic
epithelial tumours for HPyV7 and prostate cancers for
BKPyV. In experimental models, JCPyV and BKPyV also
showed cellular transforming activities, mainly mediated
by LTAg and Small T antigen (STAg) [4, 15, 29].

In this study, overall PyV prevalence in 242 AK patients
was approximately 90% in both HS and AK scrapings.
MCPyV was the most prevalent virus in both types of
scrapings (almost 90%). Our findings are in line with the

available data [30]. In fact, MCPyV is an ubiquitous virus
that is detectable on the skin of healthy adults, although
it has been also found in respiratory, urine, blood and
anogenital samples [14]. Neither age nor sex significantly
affected MCPyV prevalence. Conversely, previous find-
ings reported an increased MCPyV positivity with the
increasing of age [31, 32]. Of note, the median age of
our patients was>70 years, and MCPyV prevalence was
already very high. Therefore, lack of significant associa-
tion with age is to be expected.

HPyV6 was the second most frequent PyV in the scrap-
ings, being detected in over 50% of the samples. HPyV6
has been found in several skin disorders, such as keratoa-
canthomas, basal and squamous cell carcinomas, as well
as in healthy controls (12-30%) [9, 27, 33—37]. However,
from the few published studies, there is a large differ-
ence in HPyV6 prevalence, and whether this virus plays a
direct role in skin disorders is still unclear.

The third most frequent PyV was JCPyV (7-10%), the
causative agent of progressive multifocal leukoencepha-
lopathy, a fatal central nervous system disease. Interest-
ingly, JCPyV prevalence in AK lesions of female patients
was more than twofold higher than that of male patients,
whereas there was no significant difference in JCPyV
prevalence in HS samples according to sex. This obser-
vation deserves further investigation. Seroprevalence for
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JCPyV in immunocompetent adults is quite high (>50%),
but its presence in skin samples has not been frequently
reported. A study that analyzed normal skin swabs from
males failed to detect prevalent and incident JCPyYV, fur-
ther confirming that the skin is not the preferential site
for its replication [27, 38].

HPyV9, TSPyV, HPyV7, BKPyV, LiPyV and SV40 were
rarely detected. Their prevalence was indeed extremely
low compared to the top three HPyVs. In addition, they
were found only in AK scrapings but not in AK biop-
sies. These findings are consistent with the literature and
suggest that the presence of some of these PyV in skin
scrapings could be accidental contamination from other
anatomical sites [39]. TSPyV is one of the etiological
factors of a rare skin disorder observed in immunosup-
pressed patients (trichodysplasia spinulosa, TS). Previous
studies failed to detect TSPyV-DNA in skin samples from
healthy subjects [3, 27]. TSPyV does not seem to be asso-
ciated with skin conditions other than TS. Indeed, it has
not been detected either in skin malignancies or in a vari-
ety of inflammatory skin diseases [34].

Taking into account the three most commonly detected
HPyVs in HS and AK scrapings, i.e., MCPyV, HPyV6,
and JCPyV, no significant differences in their prevalence
were observed when comparing the two types of speci-
mens. In addition, when comparing matched HS-AK
scrapings, PyV exclusive detection in the AK sample
was rare (approximately 11% of the cases for MCPyYV,
and less frequently for the other PyVs). In the majority
of cases, paired samples were both positive (for MCPyV
and HPyV®6) or both negative for the individual types (for
the remaining PyVs). PyV prevalence in AK biopsies was
rather modest. MCPyV was detected in 21% of the cases,
in line with the results reported in another study, where a
prevalence of 29% was reported [36]. A higher prevalence
was found in AK cases from OTR (35.7%) [40]. A recent
meta-analysis, which included six studies conducted on
FFPE/fresh frozen AK sections, calculated a pooled prev-
alence rate for MCPyV of 6% [41], approximately half of
that estimated for normal skin by the same meta-analysis
(11%).

Interestingly, when comparing PyV prevalence in AK
scrapings (around 95%) versus AK biopsies (22%), the
difference we observed is comparable to that found in a
study on HPV in AK. In fact, HPV prevalence decreased
from 83% in AK swabs to 11% in the corresponding biop-
sies, obtained after stripping the surface of the lesion
several times [42]. This seems to suggest that AK swabs/
scrapings allow the detection of viruses present in the
superficial layers of the skin, but this does not reflect
their presence in AK lesional tissue.

In a previous work conducted on the same population
as the present study, cutaneous HPVs with oncogenic
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capacity (e.g., HPV5, HPVS8, HPV38) were detected in
more than 50% of the AK scrapings [22]. Given the high
prevalence of MCPyV and HPyV6 observed here, co-
infections with cutaneous HPVs are frequent. Recently,
it has been shown that MCPyV LTAg and STAg stimu-
late the transcriptional activity of the oncogenic HPV16
and HPV18 Long Control Region (LCR). Similar inter-
actions between cutaneous HPVs and HPyVs have not
been investigated but further studies are warranted in
this regard [43].

A few limitations should be taken into account. AK
biopsies were not collected from the same patients that
provided AK scrapings, thus comparison between these
types of samples needs to be regarded with caution.
We did not analyze skin scrapings from healthy sub-
jects, i.e., individuals not affected by AK. Finally, DNA
integrity can be affected in FFPE samples, causing false
negative results [23, 44], as also shown for HPV [23].
This may have caused an underestimation of PyV prev-
alence in AK biopsies. Conversely, the results obtained
on skin scrapings are reliable, since these specimens
were fresh-frozen at — 80 °C to ensure nucleic acid
preservation and have been proven to be excellent for
other molecular analyses [22, 45], thus representing a
strength of the study. The very large sample size of AK
represents an additional strength.

In conclusion, this study showed that PyV positiv-
ity rate in HS and AK scrapings collected from the
same patients is very high, particularly for MCPyV and
HPyV6. However, their prevalence in HS and AK scrap-
ings did not significantly differ, and detection of PyV
only in AK samples was rare when matched with the
HS counterpart. In addition, PyV positivity rate in AK
biopsies was modest. Based on our findings, we cannot
draw firm conclusions regarding a possible role of PyVs
in AK development. Further research is need to eluci-
date whether these viruses are mere bystanders or etio-
logically involved in AK.

Acknowledgements
The authors would like to acknowledge Dr. Michael Kenyon for his revision of
the English language.

Disclaimer

Where authors are identified as personnel of the International Agency for
Research on Cancer/World Health Organization, the authors alone are respon-
sible for the views expressed in this article and they do not necessarily repre-
sent the decisions, policy, or views of the International Agency for Research on
Cancer/World Health Organization.

Author contributions

Conceptualization: PDB, TG, MGD, MVC and MT; patient enrolment for fresh-
frozen sample collection: FL; pathologic AK diagnosis: CC; experimental
analysis and interpretation: TG; MGD; MVC, LG, FR and PDB; Statistical analysis:
MFV and MG; data curation, review & editing: LA, GR, GA, MG and MT; original
draft preparation, PDB and MGD. All authors have read and approved the
manuscript.



Dona et al. Infectious Agents and Cancer (2022) 17:59

Funding
This research received funding from the Department of Infectious Diseases,
Istituto Superiore di Sanita, San Gallicano Dermatological Institute and IARC.

Declarations

Competing interests
The authors declare no competing interests.

Author details

'STI/HIV Unit, San Gallicano Dermatological Institute IRCCS, Rome, Italy.
2International Agency for Research on Cancer, World Health Organization,
Lyon, France. 3EVOR Unit, Department of Infectious Diseases, Istituto Superiore
di Sanita, Rome, Italy. “Epidemiology Unit, Department of Infectious Diseases,
Istituto Superiore di Sanita, Rome, Italy. *Plastic and Reconstructive Surgery,
San Gallicano Dermatologic Institute IRCCS, Rome, Italy. ®Pathology Depart-
ment, Regina Elena National Cancer Institute, IRCCS, Rome, Italy. /Department
of Dermopathology, San Gallicano Dermatological Institute IRCCS, Rome, Italy.
8Department of Medico-Surgical Sciences and Biotechnologies, Sapienza
University of Rome-Polo Pontino, Latina, Italy. IRCCS Istituto Tumori “Giovanni
Paolo Il Bari, Italy.

Received: 12 October 2022 Accepted: 25 November 2022
Published online: 01 December 2022

References

1. Nagarajan P, Asgari MM, Green AC, Guhan SM, Arron ST, Proby CM, et al.

Keratinocyte carcinomas: current concepts and future research priori-
ties. Clin Cancer Res. 2019;25(8):2379-91.

2. Rollison DE, Amorrortu RP, Zhao Y, Messina JL, Schell MJ, Fenske NA,
et al. Cutaneous human papillomaviruses and the risk of keratinocyte
carcinomas. Cancer Res. 2021:81(17):4628-38.

3. Balcere A, Konrade-Jilmaza L, Paulina LA, Céma |, Kramina A. Clinical
characteristics of actinic keratosis associated with the risk of progres-
sion to invasive squamous cell carcinoma: a systematic review. J Clin
Med. 2022;11(19):5899.

4. Prado JCM, Monezi TA, Amorim AT, Lino V, Paladino A, Bocca-
rdo E. Human polyomaviruses and cancer: an overview. Clinics.
2018;73:e558s.

5. Amorrortu RP, Zhao Y, Fenske NA, Cherpelis BS, Messina JL, Giuliano AR,
et al. Natural history of incident and persistent cutaneous human papil-
lomavirus and human polyomavirus infections. J Infect Dis. 2022. https://
doi.org/10.1093/infdis/jiac004/6504008.

6.  Moens U, Calvignac-Spencer S, Lauber C, Ramqvist T, Feltkamp MCW,
Daugherty MD, et al. ICTV virus taxonomy profile: polyomaviridae. J Gen
Virol. 2017;98(6):1159-60.

7. Schrama D, Groesser L, Ugurel S, Hafner C, Pastrana DV, Buck CB, et al.
Presence of human polyomavirus 6 in mutation-specific braf inhibitor-
Induced epithelial proliferations. JAMA Dermatol. 2014;150(11):1180-6.

8. Moens U, Prezioso C, Pietropaolo V. Genetic diversity of the noncod-
ing control region of the novel human polyomaviruses. Viruses.
2020;12(12):1406.

9. Bopp L, Wieland U, Hellmich M, Kreuter A, Pfister H, Silling S. Natural his-
tory of cutaneous human polyomavirus infection in healthy individuals.
Front Microbiol. 2021;12(October):1-13.

10. Van Der Meijden E, Bialasiewicz S, Rockett RJ, Tozer SJ, Sloots TP, Feltkamp
MCW. Different serologic behavior of MCPyV, TSPyV, HPyV6, HPyV7 and
HPyV9 polyomaviruses found on the skin. PLoS ONE. 2013;8(11):e81078.

11. Gossai A, Waterboer T, Nelson HH, Michel A, Willhauck-Fleckenstein M,
Farzan SF, et al. Seroepidemiology of human polyomaviruses in a US
population. Am J Epidemiol. 2016;183(1):61-9.

12. Antonsson A, Neale RE, O'Rourke P, Wockner L, Michel A, Pawlita M, et al.
Prevalence and stability of antibodies to thirteen polyomaviruses and
association with cutaneous squamous cell carcinoma: a population-
based study. Transfusion. 2018;55(November 2005):52-5. https://doi.org/
10.1016/j,jcv.2018.01.013.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 7 of 8

. Hodel F, Chong AY, Scepanovic P, Xu ZM, Naret O, Thorball CW, et al.

Human genomics of the humoral immune response against polyoma-
viruses. Virus Evol. 2021;7(2):1-11.

. Ahmed MM, Cushman CH, Decaprio JA. Merkel cell polyomavirus:

oncogenesis in a stable genome. Viruses. 2022;14(1):1-14.

. Dalianis T, Hirsch HH. Human polyomaviruses in disease and cancer.

Virology. 2013;437(2):63-72. https://doi.org/10.1016/j.virol.2012.12.015.

. Querido S, Fernandes |, Weigert A, Casimiro S, Albuquerque C, Ramos S,

et al. High-grade urothelial carcinoma in a kidney transplant recipient
after JC virus nephropathy: the first evidence of JC virus as a potential
oncovirus in bladder cancer. Am J Transplant. 2020;20(4):1188-91.

. Gorish BMT, Ournasseir MEH, Shammat IM. A correlation study of

BK polyoma virus infection and prostate cancer among Sudanese
patients-immunofluorescence and molecular based case-control
study. Infect Agent Cancer. 2019;14(1):1-14.

. Bertz S, Ensser A, Stoehr R, Eckstein M, Apel H, Mayr D, et al.

Variant morphology and random chromosomal integration of BK
polyomavirus in posttransplant urothelial carcinomas. Mod Pathol.
2020;33(7):1433-42. https://doi.org/10.1038/541379-020-0489-0.

. Limam S, Missaoui N, Bdioui A, Yacoubi MT, Krifa H, Mokni M, et al.

Investigation of simian virus 40 (SV40) and human JC, BK, MC, KI, and
WU polyomaviruses in glioma. J Neurovirol. 2020;26(3):347-57. https://
doi.org/10.1007/513365-020-00833-4.

Rotondo JC, Mazzoni E, Bononi |, Tognon M, Martini F. Asso-

ciation between simian virus 40 and human tumors. Front Oncol.
2019;9(July):1-19.

IARC Working Group on the Evaluation of Carcinogenic Risks to
Humans. Biological agents. A review of human carcinogens. IARC
Monogr Eval Carcinog Risks Hum. 2012;100B:255-313.

Dona MG, Chiantore MV, Gheit T, Fiorucci G, Vescio MF, La Rosa G, et al.
Comprehensive analysis of - and y-human papillomaviruses in actinic
keratosis and apparently healthy skin of elderly patients. Br J Dermatol.
2019;181(3):620-2.

Dona MG, Ronchetti L, Giuliani M, Carosi M, Rollo F, Congiu M, et al.
Performance of the linear array HPV genotyping test on paired cyto-
logical and formalin-fixed, paraffin-embedded cervical samples. J Mol
Diagn. 2013;15(3):373-9. https://doi.org/10.1016/jjmoldx.2013.01.002.
Amorrortu RP, Zhao Y, Messina JL, Schell MJ, Fenske NA, Cherpelis BS,
et al. Association between human polyomaviruses and keratinocyte
carcinomas: a prospective cohort study. Cancer Epidemiol Biomark
Prev. 2021;30(9):1761-4.

Corbex M, Bouzbid S, Traverse-Glehen A, Aouras H, McKay-Chopin S,
Carreira C, et al. Prevalence of papillomaviruses, polyomaviruses, and
herpesviruses in triple-negative and inflammatory breast tumors from
Algeria compared with other types of breast cancer tumors. PLoS ONE.
2014;9(12):114559.

Schmitt M, Bravo |G, Snijders PJF, Gissman L, Pawlita M, Waterboer

T. Bead-based multiplex genotyping of human papillomaviruses
bead-based multiplex genotyping of human papillomaviruses. J Clin
Microbiol. 2006;44(2):504-12.

Hampras SS, Giuliano AR, Lin HY, Fisher KJ, Abrahamsen ME, McKay-
Chopin S, et al. Natural history of polyomaviruses in men: the HPV
infection in Men (HIM) study. J Infect Dis. 2015;211(9):1437-46.

Yang JF, You J. Merkel cell polyomavirus and associated Merkel cell car-
cinoma. Tumour Virus Res. 2022;13:200232. https://doi.org/10.1016/j.
tvr.2021.200232.

Baez CF, Branddovarella R, Villani S, Delbue S. Human polyomaviruses:
the battle of large and small tumor antigens. Virol Res Treat. 2017;8.
Amorrortu RP, Zhao Y, Fenske NA, Cherpelis BS, Messina JL, Giuliano
AR, et al. Natural history of incident and persistent cutaneous human
papillomavirus and human polyomavirus infections. J Infect Dis.
2022;33612(Xx Xx):1-13.

Chen T, Hedman L, Mattila PS, Jartti T, Ruuskanen O, Séderlund-
Venermo M, et al. Serological evidence of Merkel cell polyomavirus
primary infections in childhood. J Clin Virol. 2011;50(2):125-9. https://
doi.org/10.1016/},jcv.2010.10.015.

Sroller V, Hamsikova E, Ludvikova V, Vochozkové P, Kojzarova M,
Fraiberk M, et al. Seroprevalence rates of BKV, JCV, and MCPyV poly-
omaviruses in the general Czech Republic population. J Med Virol.
2014;86(9):1560-8.


https://doi.org/10.1093/infdis/jiac004/6504008
https://doi.org/10.1093/infdis/jiac004/6504008
https://doi.org/10.1016/j.jcv.2018.01.013
https://doi.org/10.1016/j.jcv.2018.01.013
https://doi.org/10.1016/j.virol.2012.12.015
https://doi.org/10.1038/s41379-020-0489-0
https://doi.org/10.1007/s13365-020-00833-4
https://doi.org/10.1007/s13365-020-00833-4
https://doi.org/10.1016/j.jmoldx.2013.01.002
https://doi.org/10.1016/j.tvr.2021.200232
https://doi.org/10.1016/j.tvr.2021.200232
https://doi.org/10.1016/j.jcv.2010.10.015
https://doi.org/10.1016/j.jcv.2010.10.015

Dona et al. Infectious Agents and Cancer

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2022) 17:59

Schowalter RM, Pastrana DV, Pumphrey KA, Moyer AL, Buck CB. Merkel
cell polyomavirus and two previously unknown polyomaviruses are
chronically shed from human skin. Cell Host Microbe. 2010;7(6):509-15.
Fava P, Merlino C, Novelli M, Ponti R, Galliano I, Montanari P, et al. HPyV6,
HPyV7 and TSPyV DNA sequences detection in skin disease patients and
healthy subjects. J Eur Acad Dermatol Venereol. 2016;30(4):624-7.
Nguyen KD, Chamseddin BH, Cockerell CJ, Wang RC. The biology and
clinical features of cutaneous polyomaviruses. J Investig Dermatol.
2019;139:285-92.

Scola N, Wieland U, Silling S, Altmeyer P, Sticker M, Kreuter A. Prevalence
of human polyomaviruses in common and rare types of non-Merkel cell
carcinoma skin cancer. Br J Dermatol. 2012;167(6):1315-20.
Beckervordersandforth J, Pujari S, Rennspiess D, Speel EJM, Winne-
penninckx V, Diaz C, et al. Frequent detection of human polyomavirus 6
in keratoacanthomas. Diagn Pathol. 2016;11(1):10-6. https://doi.org/10.
1186/513000-016-0509-7.

Gossai A, Waterboer T, Hoen AG, Farzan SF, Nelson HH, Michel A, et al.
Human polyomaviruses and incidence of cutaneous squamous cell
carcinoma in the New Hampshire skin cancer study. Cancer Med.
2016;5(6):1239-50.

Liang G, Bushman FD.The human virome: assembly, composition and
host interactions. Nat Rev Microbiol. 2021;19(8):514-27. https://doi.org/
10.1038/541579-021-00536-5.

Wang L, Harms PW, Palanisamy N, Carskadon S, Cao X, Siddiqui J, et al.
Age and gender associations of virus positivity in Merkel cell carcinoma
characterized using a novel RNA in situ hybridization assay. Clin Cancer
Res. 2017,23(18):5622-30.

Wijaya WA, Liu'Y, Qing Y, Li Z. Prevalence of Merkel cell polyomavirus in
normal and lesional skin: a systematic review and meta-analysis. Front
Oncol. 2022;12(March).

Forslund O, Lindelof B, Hradil E, Nordin P, Stenquist B, Kirnbauer R, et al.
High prevalence of cutaneous human papillomavirus DNA on the top
of skin tumors but not in “stripped” biopsies from the same tumors. J
Investig Dermatol. 2004;123(2):388-94.

Rasheed K, Sveinbjarnsson B, Moens U. Reciprocal transactivation of
Merkel cell polyomavirus and high-risk human papillomavirus promoter
activities and increased expression of their oncoproteins. Virol J.
2021;18(1):1-14. https://doi.org/10.1186/512985-021-01613-0.
Srinivasan M, Sedmak D, Jewell S. Effect of fixatives and tissue pro-
cessing on the content and integrity of nucleic acids. Am J Pathol.
2002;161(6):1961-71.

Galati L, Brancaccio RN, Robitaille A, Cuenin C, Luzi F, Fiorucci G, et al.
Detection of human papillomaviruses in paired healthy skin and
actinic keratosis by next generation sequencing. Papillomavirus Res.
2020;9(November 2019):100196. https://doi.org/10.1016/j.pvr.2020.
100196.

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

Page 8 of 8

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

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

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s13000-016-0509-z
https://doi.org/10.1186/s13000-016-0509-z
https://doi.org/10.1038/s41579-021-00536-5
https://doi.org/10.1038/s41579-021-00536-5
https://doi.org/10.1186/s12985-021-01613-0
https://doi.org/10.1016/j.pvr.2020.100196
https://doi.org/10.1016/j.pvr.2020.100196

	Prevalence of 13 polyomaviruses in actinic keratosis and matched healthy skin samples of immunocompetent individuals
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Material and methods
	Study populations
	Skin scraping collection
	AK biopsies
	DNA purification
	Multiplex PyVs genotyping by beads-based Luminex assay
	Statistical analysis

	Results
	Study population
	PyV genotyping by Luminex beads-based assay
	PyV prevalence in HS and AK scrapings
	PyV prevalence in matched HS and AK scrapings
	PyV prevalence in FFPE AK biopsies


	Discussion
	Acknowledgements
	References


