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Abstract

Background—Cutaneous human papillomaviruses (HPVs) increase the risk of non-melanoma
skin cancer in sun-exposed skin. We examined the role of beta-HPV in the development of male
external genital lesions (EGLS), a sun-unexposed site.

Methods—In this nested case-control study (67 men with pathologically-confirmed EGLs and
134 controls), exfoliated cells collected from the surface of lesions and normal genital skin 0, 6,
and 12 months preceding EGL development were tested for beta-HPV DNA using a type-specific
multiplex genotyping assay. Beta-HPV prevalence was estimated and conditional logistic
regression was used to evaluate the association with condyloma, the most common EGL.

Results—While beta-HPV prevalence among controls remained stable, the prevalence among
cases was lowest on the surface of lesion. Detecting beta-HPV on the normal genital skin was not
associated with the presence or development of condyloma.

Conclusions—Cutaneous beta-HPV does not appear to be contributing to pathogenesis in male

genital skin.
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Introduction

Human papillomaviruses (HPV) are comprised of more than 200 types representing five
major genera: alpha-, beta-, gamma-, mu-, and nu-papillomavirus.[1, 2] HPVs that infect
epithelial cells of mucosal surfaces belong to the genus alpha and HPVs infecting cutaneous
skin represent all five genera. Different HPV types have different biological characteristics
and disease associations.[1, 3] The majority of research has focused on alpha types,[2]
including their oncogenic potential (e.g., HPV 16, which causes cervical, anogenital, and
oropharyngeal cancers) and role in the development of benign anogenital lesions (e.g., HPV
6, which causes condyloma);[1] however, efforts are ongoing to understand the role of HPV
types belonging to other genera in the development of benign and malignant lesions of the
skin.

Beta-HPV types are commonly detected on the surface of healthy skin,[4] oral cavity,[5] and
genitals[6] in otherwise healthy individuals, and can persist over several years.[4] However,
in the presence of ultraviolet radiation (UVR), beta-HPV may increase the risk of non-
melanoma skin cancer (NMSC), including squamous cell carcinoma (SCC) and basal cell
carcinoma.[7-11] Rather than directly contribute to oncogenesis, it has been hypothesized
that beta-HPVs promote tumorigenesis through destabilization of the host genome, including
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the inhibition of DNA repair genes that are responsible for correcting UVR-induced DNA
damage.[9]

The role of cutaneous beta-HPV in UVR-unexposed skin remains unknown. Few studies
have examined beta-HPV at anatomic sites not typically exposed to UVR (i.e., the
anogenital region),[6, 12-15] none of which have used a longitudinal design to assess a
temporal association between beta-HPV and the development of external genital lesions
(EGLs). Thus, the aim of this study was to examine the potential role of beta-HPV in the
development of male EGLSs.

Materials and Methods

This case-control study was nested within the HPV Infection in Men (HIM) Study, a
multinational cohort study of HPV natural history among men.[16] Briefly, over 4,000 adult
men were recruited in the United States (US), Brazil, and Mexico. Every six months, for up
to four years, participants underwent a clinical examination and completed a risk factor
questionnaire. All participants provided written informed consent, and the human subjects
committees of participating institutions approved all study procedures.

In the current study, men were included as cases if they developed an incident,
pathologically confirmed EGL between February 2009 and May 2011.[6] Two controls (men
who did not develop an EGL throughout the study period) were individually matched to
each case on age, country, and length of follow-up. The study visit at which a case
developed an EGL is hereinafter referred to as the index visit. Four genital specimens were
evaluated for each case (Figure 1): surface of lesion at the index visit, normal skin at the
index visit, normal skin six months prior, and normal skin twelve months prior. Three genital
specimens were evaluated for each control: normal skin at the index visit, normal skin six
months prior, and normal skin twelve months prior.

Specimen collection and processing

Details of the H/M Study clinical protocol have been published previously.[6, 17] Briefly,
visual inspection of the genital skin was conducted using 3x light magnification and
exfoliated cells were collected from the genital skin. The normal genital skin was swabbed,
including the penile head, shaft, and scrotum.[16] If an EGL was identified and thought to
be HPV-related, exfoliated cells from the surface of the lesion were collected prior to the
normal genital skin sampling and archived separately.[6, 17] EGLs that appeared visually
distinct were biopsied and evaluated by two trained pathologists for the presence of
inflammatory, infectious, or neoplastic conditions trained pathologists.[17] Formalin-fixed
paraffin-embedded tissue sections were used for DNA extraction.

DNA extraction and HPV genotyping

Genital swab specimens (normal skin and surface of lesion) underwent robotic DNA
extraction using the QlAamp Media MDx Kit (Qiagen, Gaithersburg, MD). All swab
specimens were tested for the presence of mucosal alpha-HPV types using Linear Array
(Roche Molecular Diagnostics, Alameda, CA) and cutaneous beta-HPV using a type-
specific multiplex genotyping (TS-MPG) assay (IARC, Lyon, France), which combines
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multiplex PCR[18-20] with a bead-based Luminex technology.[21, 22] The TS-MPG assay
detects 25 beta-HPV types (species p1: 5, 8, 12, 14, 19, 20, 21, 24, 25, 36, 47, 93; species
B2:9, 15, 17, 22, 23, 37, 38, 80; species B3: 49, 75, 76; species p4: 92; and species p5: 96).
Biopsies were evaluated for the presence of alpha-HPV types using INNO-LiPA HPV
Genotyping Extra (Fujirebio, Ghent, Belgium); however, tissue specimens were not
available for beta-HPV DNA analysis. In addition to negative controls (distilled water),
primers for the amplification of p-globin were included in each HPV assay to provide a
positive control for the quality of the template DNA.

Statistical analysis

Results

Separate analyses were conducted for all EGLSs, combined, and for subsets of diagnoses,
including 1) condyloma and suggestive of condyloma (hereinafter referred to as condyloma),
2) penile intraepithelial neoplasia (PeIN) grades I-I1l, and 3) other. Lesions suggestive of
condyloma included those that appeared to be suggestive but not diagnostic of HPV or
condyloma, such as benign squamous keratosis and benign squamous papilloma. Other
diagnoses included skin conditions thought to be unrelated to mucosal HPV infection, such
as seborrheic keratosis and skin tags.

Overall, species-specific, and type-specific beta-HPV DNA prevalence was estimated from
the normal genital skin of controls at three time points (index visit, six months prior, and
twelve months prior), from the normal genital skin of cases at three time points (index visit,
six months prior, and twelve months prior), and from the surface of lesion (index visit);
prevalence was estimated separately for all EGLs, condyloma, PeIN, and other diagnoses.
As condyloma is the most common, clinically relevant EGL, modeling was conducted for
this group only. Conditional logistic regression was used to estimate the risk associated with
condyloma development for beta-HPV (overall and type-specific) detected concurrently or
prior to condyloma diagnosis (six and twelve months). Models were also adjusted for the
simultaneous presence of alpha-HPV 6/11 DNA, the mucosal HPV types known to cause
condyloma. In exploratory analyses, associations were evaluated among HPV 6/11-negative
lesions. Analyses were performed using SAS version 9.3.

At the time of this analysis, 67 men developed incident, pathologically confirmed EGLs
within the H/M Study and were selected as cases, and 134 men were selected as controls. Of
the 67 EGLSs, 27 (40.3%) were condyloma, 16 (23.9%) suggestive of condyloma, 5 (7.5%)
PelN, and 19 (28.4%) other diagnoses. No statistically significant differences in participant
characteristics were observed between cases and controls (Table 1). After accounting for six
EGLs with invalid or missing alpha-HPV results, 56 EGLs (91.8%) were positive for >1
alpha-HPV types within tissue biopsies, with HPV 6 (39.3%) and 11 (29.5%) being the most
common types, followed by 16 (8.2%) and 52 (6.6%). Other HPV types detected include
HPV 26, 31, 33, 39, 40, 51, 53, 58, and 74 (each <5%).

Genital beta-HPV prevalence among controls varied by type but was stable over the one-
year follow-up period. In contrast, beta-HPV prevalence among the cases varied over time
prior to lesion detection, with the lowest HPV prevalence consistently observed on the
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surface of the lesion (Table 2). Similar results were observed among men with condyloma
(Table 3). While beta-HPV prevalence remained stable over time among controls, it declined
among condyloma cases; 37 (86.0%) men were positive for >1 beta-HPV types on the
normal genital skin twelve months prior to condyloma diagnosis, 36 (83.7%) were positive
six months prior to diagnosis, 33 (76.7%) were positive at the time of diagnosis (i.e., index
visit), and only 28 (65.1%) were positive at the surface of the lesion. In contrast, the
prevalence of causative alpha-HPV types 6 and 11 increased over time among condyloma
cases and was highest when detected on the surface of the lesion, with 26 (60.5%) men
positive for alpha-HPV 6/11. At the index visit, the most common beta-HPV types observed
on the normal skin of controls were 24 (26.7%), 5 (25.6%), 22 and 38 (24.4% each), and 47
(23.3%), whereas the most common types observed on the normal skin of condyloma cases
were 47 (33.3%), 5 (28.2%), 22 (25.6%), and 12, 24, 17 (23.1% each). The simultaneous
presence of mucosal and cutaneous HPV types was observed among 18 cases (41.9%). On
the surface of lesion, types 38 (18.6%), 5 (16.3%), 14 (16.3%), 8 (11.6%), and 17 (11.6%)
were the most prevalent. Co-infection with multiple beta-HPV types was frequently
observed at all time points among cases and controls.

Despite a small sample size, similar trends were observed among five men with PelN (Table
4). Four (80.0%) were positive for =1 beta-HPV types on the normal genital skin twelve
months prior to diagnosis and all were positive six months prior to and at the time of
diagnosis. Beta-HPV prevalence was substantially lower on the surface of the PeIN lesion,
with two (40.0%) men positive for =1 beta-HPV types at the surface of the lesion. The
prevalence of causative alpha-HPV types 16 and 18 increased over time among PelN cases
and was highest at the time of lesion detection, with 2 (40.0%) men positive for alpha-HPV
16/18 on the normal genital skin and 2 (40.0%) on the surface of lesion. At the index visit,
the most common HPV type observed on the normal genital skin of controls was HPV47
(30.0%), whereas the most common type on the surface of PeIN was HPV21 (40.0%).

Of the 19 cases with other diagnoses (Table 5), 17 (89.5%) were positive for beta-HPV on
the normal skin twelve months prior to diagnosis and 16 (84.2%) were positive six months
prior to diagnosis. Overall beta-HPV prevalence remained steady on the normal genital skin
but then declined to 13 (68.4%) at the surface of the lesion. The most common HPV types
on the surface of these lesions were 5 and 12 (21.1%, each).

Conditional logistic regression models were used to determine whether beta-HPV was
associated with the presence and development of condyloma (Table 6). At the index visit,
men with condyloma were as likely as controls to have beta-HPV (any type) on the normal
genital skin (OR: 0.62, 95% CI: 0.21-1.82). In contrast, men with condyloma were
significantly less likely to have beta-HPV on the surface of the lesion than controls were to
have beta-HPV on the normal genital skin (OR: 0.37, 95% CI: 0.14-0.94); however, after
controlling for the presence of condyloma-causing alpha-HPV types 6 and 11, this
association was no longer statistically significant (OR: 0.62, 95% CI: 0.12-3.09). When
examined prospectively, the detection of beta-HPV on the normal genital skin was not
associated with the subsequent risk of developing condyloma six or twelve months later
(OR: 0.75, 95% Cl: 0.23-2.54 and OR: 1.11, 95% CI: 0.33-4.01, respectively), even after
accounting for alpha-HPV 6/11 (OR: 0.85, 95% CI: 0.19-4.09 and OR: 0.98, 95% CI: 0.20-
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5.13, respectively). Similar results were observed when the associations were assessed
among alpha-HPV 6/11-negative men, with odds ratios attenuated towards the null (data not
shown).

In type-specific analyses conducted at the index visit (Table 6), men with condyloma were
significantly less likely to have beta-HPV 24 and 47 detected on the surface of the lesion
than controls were to have beta-HPV 24 and 47 on the normal genital skin (OR: 0.09, 95%
Cl: 0-0.60 and OR: 0.20, 95% CI: 0.02-0.87, respectively). When detected on the normal
genital skin, HPV47 was associated with a reduced risk of developing condyloma six and
twelve months later (OR: 0.32, 95% CI: 0.07-1.04 and OR: 0.25, 95% CI: 0.05-0.87,
respectively), even after controlling for alpha-HPV 6/11 (OR: 0.24, 95% CI: 0.04-1.00 and
OR: 0.09, 95% CI: 0.01-0.73, respectively). Conversely, HPV38 was significantly
associated with an increased risk of condyloma six months later (OR: 2.44, 95% CI: 1.06—
5.83), but not after adjusting for alpha-HPV 6/11.

Discussion

In this study, we demonstrate that cutaneous beta-HPV types were not significantly
associated with the presence or development of external genital lesions in men and do not
appear to be involved in pathogenesis at UVR-unexposed genital skin. One type, beta-
HPV47, was associated with a reduced risk of developing condyloma. Examining the
presence of beta-HPV types on the surface of lesions, as well as the normal genital skin
preceding lesion development, enabled us to evaluate the temporal association between beta-
HPV and EGLs. Furthermore, we were able to account for the established causal role of
alpha-HPV infections in the pathogenesis of condyloma.

A subset of cutaneous beta-HPV types appear to significantly increase the risk of NMSC at
sun-exposed sites;[7-11] however, it remains unknown whether beta-HPV is associated with
the risk of benign and malignant lesions at non-sun-unexposed sites, such as the male
genitals. Few studies have evaluated the association between beta-HPVs and male EGLs,
including penile SCC,[14, 15] precancerous penile lesions,[6, 12] and condyloma,[6, 13]
most of which were cross-sectional and limited to a small number of beta-HPV types. All of
the abovementioned studies identified a high prevalence of alpha-HPV 16 on or within male
EGLs and none provided sufficient evidence to support a causal role for cutaneous beta-
HPV infection, independent of alpha mucosal HPV, in the development of HPV-related
genital lesions.

Examining patterns in HPV prevalence across the spectrum of disease progression provides
important insights into the role of HPV in pathogenesis. If beta-HPVs were actively involved
in EGL development, we would expect their prevalence to be highest on the lesions and
lower on the normal genital skin preceding lesion development, as has been observed for
alpha-HPV types known to cause cancer and genital warts. Among women who develop
cervical lesions, oncogenic HPV prevalence increases significantly with increasing lesion
severity, whereas the prevalence of non-oncogenic types remains constant or decreases with
increasing lesion severity.[23, 24] In the current study, alpha-HPV 6/11 prevalence on male
genital skin increased over time and was highest on the surface of the lesion. However, the
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contrasting pattern observed for beta-HPV in terms of EGL development suggests that
cutaneous beta-HPVs are not actively involved in EGL pathogenesis.

This is the first study to prospectively evaluate the role of cutaneous beta-HPV in the
development of male EGLs. The nested case-control design provided the opportunity to
conduct longitudinal HPV sampling among men who went on to develop EGLs as well as
men who did not develop lesions (i.e., otherwise healthy controls). The addition of EGL-free
controls in this study provides one of the largest populations from which to estimate type-
specific beta-HPV prevalence of male genital skin at multiple time points. Furthermore, we
utilized the TS-MPG assay, which allowed us to detect a large number of beta-HPV types
compared with previously published studies. However, the following limitations must be
considered. First, small sample sizes limited our ability to examine the role of beta-HPV in
the development of PeIN, the precursor to penile cancer. Second, HPV DNA detected on the
surface of a lesion may not represent types present throughout biopsy tissue. In the H/IM
Study, moderate to high agreement between sampling methods was found for genus alpha-
HPV types[25] but remains unknown for genus beta. Lastly, misclassification of
pathological diagnosis may have occurred, though it would have been minimized by the use
of a pathology panel.

Conclusions

The ubiquitous presence of beta-HPV on the normal genital skin and substantially lower
prevalence on the surface of both condyloma and non-condyloma lesions suggests that beta-
HPVs do not play a causal role in EGL development. Findings from this study along with
others have shown that beta-HPV typically occurs as a co-infection with alpha-HPV types
that are known to cause EGLs and exhibit lower viral loads than those alpha-HPV types.[26,
27] In agreement with the published literature,[28, 29] cutaneous beta-HPVs appear to be a
normal part of the commensal microbiome of the cutaneous epithelium. Whether these
viruses play an antagonistic (i.e., competition with alpha-HPV) or passive role has yet to be
determined. Further research is needed to definitively evaluate the role of beta-HPVs in the
development of skin lesions at UVR-unexposed sites, including mechanistic studies
assessing HPV transcriptional activity and host interactions.
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