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Abstract

Background: Seborrheic keratoses (SK) are the most common acquired benign tumor
that affects middle-aged or older adults with great cosmetic concern. Clinical and
histopathological similarities of SK and common warts have been addressed by inves-
tigating the possible presence of human papillomavirus (HPV) DNA in SK. Previous
studies suggested the association between a-genus HPV and SK located on genital
skin, whereas the causal relationship between a-HPV and non-genital SK remains
controversial.

Aim: This study aimed to clarify the pathogenic involvement of a-HPV in the develop-
ment of non-genital SK.

Methods: We analyzed a-HPV DNA prevalence and HPV genotypes using a PCR-
based microarray on 51 skin samples presenting with histologically confirmed SK
without any malignant changes. Correlation between the histological subtype of SK
and their HPV DNA-positive reactivity was also evaluated.

Results: Of 51 non-genital SK, two (3.9%) skin samples were positive for a-HPV DNA;
high-risk HPV 31 and low-risk HPV 42 were found. Evaluation of HPV prevalence in
different histological types of SK showed that both HPV-positive cases were acan-
thotic type; 14.3% of acanthotic SK lesions were positive, while all of the other types
were negative for a-HPV.

Conclusions: This study demonstrates that a-HPV positivity is very rare in common
non-genital SK. The rare a-HPV-positive SK lesions histologically belonged to the
acanthotic type, implying a potential impact of HPV infection on epidermal hyperpro-
liferation. Although a possible association cannot be excluded, our findings suggest

that a-HPV is not a major causative factor for non-genital SK.
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1 | INTRODUCTION

Seborrheic keratoses (SK) are the most common acquired benign
epithelial tumor that can occur anywhere on the skin of middle-
aged or older adults.> Despite their high incidence, the etiology
of SK is not entirely clear. SK are considered to result from clonal
expansion of mutated epidermal keratinocytes.? Also, they exhibit
histologic evidence of proliferation with hyperkeratosis, papillo-
matosis, and acanthosis as seen also in verrucae vulgares (VV). SK
become progressively verrucous, and multiple SKs can occur pat-
terned linearly?; this configuration can also be seen in VV and is
known as Koebner phenomenon.® Over the past 30 years, these
clinical and histopathological similarities between SK and VV
have been addressed many times by investigation of the possible
presence of human papillomavirus (HPV) DNA in SK.314 Multiple
studies suggested the association between a-genus HPV and SK
located on genital skin; the detection rates of HPV DNA ranged
from 42% to 72%.*7 Reports analyzing non-genital SKs showed
HPV positivity rates ranging from 0% to 91%.>5 Hence, this topic
remains controversial. To clarify the causal relationship between a-
HPV and non-genital SK, we examined the presence of a-HPV DNA
from non-genital SK lesions by polymerase chain reaction (PCR).
Furthermore, we evaluated which histologic types of SK could be
related to HPV positivity.

ETHICAL APPROVAL
This study was approved by the local ethics commission of the LMU-
Munich (Project-ID: KB 20/002).

3 | MATERIALS AND METHODS

Fifty-one skin samples of patients presenting with histologically
confirmed, non-genital SK without any malignant changes were col-
lected from the pathology database of our institution. All histological
samples were evaluated by experienced dermatohistopathologists.
The study was approved by the local ethics committee. Clinical
and histological characteristics of patients are depicted in Table 1.
DNA was extracted from formalin-fixed paraffin-embedded tissue
in the form of 10 um-thick unstained slides. Deparaffinized tissue
samples were digested as described previously.?>¢ The amplifica-
tion of HPV DNA was performed via PCR using the HPV primer mix
obtained from the VisionArray HPV Chip 1.0 kit (ZytoVision GmbH,
Bremerhaven, Germany). The assay contained an internal positive
control (by amplification of HLA-DQA1). The amplified HPV DNA
was visualized by 1.5% agarose gel electrophoresis and then used
for hybridization detecting 41 a-HPV subtypes (6, 11, 16, 18, 26,
31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 55, 56, 57, 58,
59, 61, 62, 66, 67, 68a, 68b, 69, 70, 72, 73, 81, 82 1S39, 82 MM4,
83, 84, 90, and 91) according to the manufacturer's instructions,
evaluated using VisionArray Analyzer software (ZytoVision GmbH,

Bremerhaven, Germany).
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TABLE 1 Clinical and histological characteristics of patients'
samples with seborrheic keratoses (SK)

Cases (%)

Characteristic 0 = il
Age (years)

mean + SD 67.2 +13.2

range 21-91
Gender

Female 21(41.2)

Male 30(58.8)
Location

Scalp 4 (7.8)

Face 20(39.2)

Neck 1(2.0)

Trunk 23 (45.1)

Arm 1(2.0)

Leg 2(3.9)
Histological type

Acanthotic 14 (27.5)

Hyperkeratotic 14 (27.5)

Irritated 12 (23.5)

Mixed 5(9.8)

Reticulated 4(7.8)

Clonal 2(3.9)

Abbreviation: SD, standard deviation.

4 | RESULTS

The mean age of patients with SK was 67.2 + 13.2 years, ranging
from 21 to 91 years (Table 1). All SK samples were derived from
non-genital localizations. Sun exposed skin of face (39.2%) and trunk
(45.1%) were common sites for SK. Of all 51 samples, 2 (3.9%) were
positive for a-HPV DNA; high-risk HPV type 31 was found in a face
sample from a male patient at age 77, and low-risk HPV type 42 was
found in a leg sample also from a male patient at age 57.

SK show a variety of histological subtypes, and more than one
type is often found in the same lesion. We divided our SK sam-
ples into the following six categories: acanthotic, hyperkeratotic,
irritated, reticulated, clonal, and mixed type (Table 1). Evaluation
of HPV prevalence in different SK types revealed that both HPV-
positive cases belonged to the acanthotic type; two of 14 acanthotic
SK samples (14.3%) were positive, while all of the other types were
negative for HPV (Table 2). No viral cytopathic effect (koilocytosis)
was found in the HPV-positive skin samples.

5 | DISCUSSION

The pathogenic contribution of HPV to the development of SK has
been discussed in previous studies (Table 3). Regarding genital SK,
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Histological type

Acanthotic (n = 14)

Hyperkeratotic (n = 14)

Irritated (n = 12)
Mixed (n = 5)
Reticulated (n = 4)
Clonal (h = 2)
Total (n = 51)

NELLESSEN ET AL.

High-risk a-HPV

Low-risk a-HPV

Positive Positive
case (%) Genotype case (%)
1(7.1) 31 1(71)

0 = 0

0 - 0

0 = 0

0 - 0

0 = 0

1(2.0) 1(2.0)

Genotype
42

TABLE 2 Prevalence of high-risk

and low-risk a-human papillomavirus
(HPV) genotypes in different histological
subtypes of seborrheic keratoses (SK)

TABLE 3 Previous reports on human papillomavirus (HPV) prevalence in genital and non-genital seborrheic keratoses (SK) and the clinical
and histological features of HPV-positive cases (from 1990 to 2021)

Report

Leonardi (1991)
Soler (1992)
Zhu (1992)

Tsambaos (1995)

Lee (2001)
Bai (2003)

Gushi (2003)

Li (2004)

Tardio (2012)

Reutter (2014)

Part (2014)
Wu (2015)

Current report
(2021)

HPV prevalence

24/57 (42%) of genital SK

1/1 of non-genital SK?

23/43 (53%) of genital SK

1/29 (3.4%) of non-genital SK
34/173 (20%) of non-genital SK*

0/40 (0%) of non-genital SK®
18/25 (72%) of vulvar SK

3/20 (15%) of non-genital SK
30/104 (29%) of non-genital SK?
95/104 (91%) of non-genital SK*
42/55 (76%) of non-genital SK¢

28/40 (70%) of genital SK
2/20 (10%) of non-genital SK
3/21 (14%) of vulvar SK

0/10 (0%) of non-genital SK
1/1 of genital SK

5/17 (29%) of SK with bowenoid
transformation

2/51 (3.9%) of non-genital SK

HPV genotype
6,11,16

5

6,11,33

6
6/11,31/33/35

6, others
6,16/18
18,6,2,1

20, 28, 5, X7, 17,
37, 17b, X4,
X4b, SK3

6,18, 35,55
6

6, unknown

6
ND

31,42

Features of HPV-positive cases

Age
(Mean)

31.9
ND
32.6

ND

ND

ND

ND

32
33
60.7

33
66

67

Gender
(M/F)

18/6
ND
12/11

ND

ND

ND

28/14

23/5
1/1
0/3

1/0
ND

2/0

Location
Genitalia, crus
Non-genitalia

Genitalia, thigh

ND

Vulva,
non-genitalia

Head, trunk, leg

Face, neck, trunk,
extremities

Genitalia

Groin, suprapubic
Vulva

Penis

Face, abdomen,
thigh

Face, leg

Histological type
ND

ND

NSD¢

Acanthotic and
hyperkeratotic
type

ND

ND

ND

NSD

NSD
Acanthotic type

Hyperkeratotic type
with bowenoid
transformation

Acanthotic type

Abbreviations: F, female; M, male; NSD, no significant difference between HPV-positive and HPV-negative cases; ND, not described; SK, seborrheic

keratosis.

2Using in situ hybridization.
bUsing in situ PCR or PCR with specific primers for HPV 6, 11, 31, and 33.
“Using PCR coupled with southern blot hybridization and sequencing.

dUsing PCR with specific primers for epidermodysplasia verruciformis (EV)-associated HPVs.

€Perinuclear vacuolization of epithelial cells, mitosis, and dyskeratotic cells were more marked.
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four previous reports showed a strong association with a-HPV.*” o-
HPV DNA was detected in 42%-72% of the genital SK samples from
these groups,“'7 while only the latest study reported a much lower
positivity in 14% of vulvar SK by PCR.!! Reutter et al. suggested that
a possible reason for the low rate of HPV positivity could be the
older age of the cohort with vulvar SK (67.5 years) compared to that
of patients in the previous studies (eg, 41.4 years).!* Although SK
in genital lesions is frequently found in a younger age group with
higher sexual activity compared to SK in non-genital lesions, they
had no patient younger than 50 years old in their report.

In contrast to the genital lesions, a-HPV was infrequently found

5911 in most reports,

in non-genital SK, ranging from 0% to 20%
including ours (Table 3), whereas two studies reported a high fre-
quency of HPV, which accounted for 76% and 91% of non-genital
SK.31% The variation was probably due to molecular techniques in-
cluding DNA extraction and PCR primers used for HPV detection as
well as the criteria of sample selection. As the authors documented,
these higher incidences can be attributed to the use of highly sen-
sitive methods; Gushi et al. used PCR coupled with southern blot
hybridization®; Li et al. used nested PCR with specific primers for
epidermodysplasia verruciformis (EV)-associated HPVs.1C L et al.
detected EV-associated HPV DNA in 15% of non-genital SK spec-
imens in the first-step PCR, while after the second-step PCR, the
detection rate reached 76%, suggesting a low copy number for EV-
associated HPV DNA.' |n addition, the prevalence of EV-associated
HPV DNA increased with an increase in numbers of non-genital
SK lesions: 91% in patients with more than five lesions and 43%
in patients with only one lesion.’® These results indicated that EV-
associated HPV might be involved in the pathogenesis of non-genital
SK; however, its role has remained poorly understood. In the pres-
ent study, a-HPV DNA was only detected in 3.9% of non-genital SK
cases despite using a reproducible and sensitive microarray-based
assay. A limitation of our study is the fact that EV-associated HPVs
were not addressed; thus, the possibility of EV-associated HPV in-
fection in SK cannot be excluded.

The principal HPV DNA detected in SK lesions was low-risk a-
HPV 6, which is usually present in benign warts, comprising 67%
to 96% of HPV-positive cases investigated in previous studies.®>71
Other HPV types were found only rarely, such as HPV 11, 16, and
33. We did not detect type 6, but instead found high-risk type 31
and low-risk type 42 in non-genital SK lesions. Both of the positive
cases were described histologically as acanthotic type. Tsambaos
et al. found that a large percentage of the acanthotic type were as-
sociated with HPV type 31/33/35.8 This finding supports our data.
It is possible that HPV infection might promote epithelial cell prolif-
eration or epidermal hyperplasia might prolong the residence and
replication of HPV.

Furthermore, Wu et al. reported HPV DNA detection in 29%
of 17 rare cases of SK with bowenoid transformation, suggesting a
possible association of HPV with malignant transformation in SK.*?
Accumulating evidence has suggested the etiopathogenetic role of
HPV in epithelial carcinogenesis. As seen in our previous report,
high-risk «-HPV DNA was detected in 58% of 76 squamous cell

Journal of
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carcinoma (SCC) and 38% of 34 Bowen's disease lesions, whereas no
high-risk a-HPV was detected in 48 actinic keratosis (AK) lesions.'®
Our current data of HPV prevalence in non-genital SK were similar
to the control data showing that 1 of 10 healthy control skins were
positive for high-risk HPV type 16.1

This study demonstrates that a-HPV positivity is very rare in
common non-genital SK. The rare a-HPV-positive cases histologi-
cally belonged to the acanthotic type; this result implies a potential
impact of HPV infection on epidermal hyperproliferation. Otherwise,
the acanthotic epidermis in SK might just play as a reservoir for HPV.
Based on the previous reports, a-HPV may be related to SK at least
partially in the genital area; however, the direct evidence has not
been provided to date. Overall, our findings show a low positivity
rate of a-HPV in non-genital SK, suggesting that a-HPV is probably

not a major causative factor for non-genital SK.
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