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Introduction

Human papillomaviruses (HPVs) are small double-stranded 
non-enveloped deoxyribonucleic acid (DNA) viruses showing 
organotropism for stratified squamous epithelia (skin and mu-
cosae) in humans (1, 2). HPVs belong to a much broader family of 
viruses called Papillomaviridae (PV), infecting not only humans, 
but also various animal species, including most mammals and 
some species of birds, reptiles, and fish (3). The number of PVs 
infecting humans is continuously growing, with currently more 
than 200 HPV types identified and organized into five major gen-
era: alpha, beta, gamma, mu, and nu (4). According to data cur-
rently available from the International Human Papillomavirus 
Reference Center at www.hpvcenter.se (on August 16th, 2021), 
the genus gamma includes the majority of the known HPV types  
(n = 99), followed by the genera alpha (n = 65), beta (n = 54), mu 
(n = 3), and nu (n = 1). With few exceptions, most HPVs from the 
genus Alphapapillomaviridae (alpha HPVs) colonize and infect 
stratified squamous epithelia of the urogenital and oropharynge-
al mucosa, whereas beta, gamma, mu, and nu HPVs are found in 
cutaneous epithelia (5). The majority of HPV infections of the skin 
and mucosa remain asymptomatic, whereas in the case of clini-
cally manifested disease infected individuals commonly present 
with cutaneous or anogenital warts (1).

Alpha HPVs primarily cause sexually transmitted infections 
(STIs), but there is also firm scientific evidence for nonsexual 
routes of transmission (i.e., at birth or even through skin-to-skin 
contact) (6). Epidemiological studies in the United States have es-
timated that more than 80% of sexually active women and men 
will suffer from at least one HPV infection by age 45 (7); however, 
most infections remain subclinical and resolve spontaneously 
within 2 years (8). Anogenital warts, also referred as condyloma-

ta acuminata, are common low-risk alpha HPV type–associated 
benign lesions in women and men (9). Nevertheless, it has been 
proposed that persistent skin lesions related to anogenital warts 
can facilitate entry of other HPV types into the cells, leading to 
malignant transformation of squamous epithelial tissue (10, 11).

In addition to being the most prevalent causative agent of STIs, 
HPV is also recognized as an important human carcinogen attrib-
uted to anogenital cancers (cervical, vaginal, vulvar, penile, and 
anal) and oropharyngeal cancers (tonsil, oral, and throat areas) 
(1). Based on epidemiological and biological data on HPV involve-
ment in cervical/mucosal carcinogenesis, species from the genus 
alpha have been categorized as low-risk (6, 11, 42, 43, and 44) or 
high-risk (16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 
70) HPV types (12). According to the latest GLOBCAN report, cervi-
cal cancer is one of the leading malignances in women, and it ac-
counts for more than 600,000 cases of cancer annually in women 
worldwide, with an incidence rate of 13.3/100,000 (1.39%) and 
a mortality rate of 7.3/100,000 (0.82%) (6, 13). At the same time, 
HPV infection has been linked to the development of a subgroup 
of oropharyngeal cancers in women and men, with specific clini-
cal presentation and response to surgical treatment and chemo-/
radiotherapy (14).

Emerging evidence suggests an active role of HPV in the malig-
nant transformation of the squamous epithelia of the skin, lead-
ing to the development of precancerous skin lesions or even skin 
cancers (15, 16). Precancerous lesions include Bowen’s disease 
(BD), epidermodysplasia verruciformis, and bowenoid papulosis, 
and the most prevalent skin cancers associated with HPV infec-
tion are squamous cell carcinoma (SCC) and verrucous carcinoma. 
BD is an intraepidermal SCC, also referred to as SCC in situ, which 
may progress to invasive carcinoma, giving rise to local and/or 
distant metastasis. It was first described in 1912 by the American
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dermatologist John T. Bowen. The peak incidence of BD is in the 
6th to 8th decade of life, with a slight female predominance (17). 
The lesions may occur at any site that is covered by stratified 
squamous epithelium, including the skin and part of the anogeni-
tal and oropharyngeal mucosal surfaces. The most common site is 
photoexposed skin of the head and neck, followed by the extremi-
ties in men and the lower limbs and cheeks in females. Genital BD 
is less common, and it has been strongly associated with high-risk 
HPV type 16 (18). Other alpha HPV types 16, 18, 33, 56, 58, 66, and 
81) as well as multiple beta HPV types have also been found in BD 
occurring in extragenital locations (19).

Here we report the case of a 37-year-old immunocompetent 
male that developed BD in an area of previously treated condylo-
mata acuminata associated with high-risk HPV genital infection. 
The aim of this report is to raise awareness of a plausible associa-
tion between anogenital HPV infection and the development of 
BD.

Case report

In May 2016, a white male, age 37, was admitted to the Depart-
ment of Dermatology and Venereology at Osijek University Hos-
pital (Croatia) because of annular erythematous lesions in his 

gluteal region. He also complained of erectile dysfunction lasting 
for 2 years and, in addition, clinical examination revealed a soli-
tary irregularly shaped patch with a red to brown color, painless 
to palpation in the suprapubic region (Fig. 1A). According to his 
medical records, the patient was under supervision and treatment 
by a senior dermatologist for several years because of proven gen-
ital HPV infection manifested as anogenital warts (condylomata 
acuminata). In January 2015 he underwent surgical condyloma re-
moval from the external urethral orifice, and the histopathological 
examination confirmed HPV infection (Fig. 2). The newly observed 
lesion was present in the suprapubic area, where the warts had 
previously been treated with podophyllin and cryotherapy around 
a year prior to his visit. According to the patient, the lesion ap-
peared several months previously, and the lesion was character-
ized by several physicians as a scar. Posttreatment/postinflam-
matory residual hypopigmented macules at the sites of previous 
treatment were evident in the same area, as well as in other parts 
of perigenital region. According to his medical history, he was 
otherwise healthy, and the family history revealed that his mother 
suffered from melanoma. The patient denied symptoms or signs of 
inherited immunodeficiency or taking any medications that could 
affect the immune system. He reported more than five lifetime sex-
ual partners and two recent sexual partners. All his partners were 

Figure 1 | Bowen’s disease in an area of previously treated condylomata acuminata. (A i–ii) clinical presentation of Bowen’s disease in the suprapubic region of a 
37-year-old male patient; (B) histologic examination of the lesion biopsy: (i) H&E 100× and (ii) H&E 200×, (iii) immunohistochemical staining of p16(INK4a) (brown 
= examples of positive cells marked by arrows), p16(INK4a) positivity/overexpression correlates to HPV infection; (C) histologic examination of anogenital warts: 
(i) H&E 100× and (ii) H&E 200×, (iii) immunohistochemical staining of p16(INK4a).
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heterosexual, and they practiced vaginal and oral sex. He denied 
having other STIs in the past. He was also tested for Chlamydia 
trachomatis, Neisseria gonorrhoeae, and Mycoplasma genitalium, 
other bacteria, and fungi, and the tests were all negative.

Further laboratory examinations revealed positive serology 
for Borrelia burgdorferi. A skin prick test was performed at our 
department, and it was positive for Dermatophagoides pteronys-
sinus. Molecular (PCR) HPV testing of urethral smear was positive 
for high-risk HPV types, including types 16, 18, 31, 33, 35, and 51 
(AMPLICOR HPV test, Roche Diagnostics GmbH, Germany). HIV 
testing, as well as serology for hepatitis B, hepatitis C, and syphi-
lis, were routinely performed, and all tests were negative. Follow-
ing this, a skin biopsy of the suspicious lesion in the suprapubic 
area was obtained for histopathologic examination, and the result 
was suggestive of BD (Fig. 1B).

Surgical treatment and outcome

After receiving the results of the histopathological biopsy exam-
ination, the patient was referred to a plastic surgeon, who per-
formed therapeutic excision of the lesion. Repeated histopatho-
logic examination of the specimen confirmed BD. The lesion was 
about 1.8 × 1.5 cm in size, characterized by full-thickness epider-
mal dysplasia and cell atypia without evidence of cell invasion 
through the basement membrane (Fig. 1B). In addition, a strong 
p16(INK4a) block positivity was revealed by immunohistochemis-
try (CINtec®; Roche). Regional propagation of the tumorous tissue 
was excluded by ultrasound of the cervical, axillary, and inguinal 
lymph nodes.

The patient was given oral doxycycline therapy at a 2 × 100 mg 
regimen over 3 weeks to treat acute Lyme disease. At control visits 
after 2 months, the annular lesions were completely absent, and 
the postoperative wound healing was satisfactory.

Discussion

BD is a form of SCC in situ that may progress to invasive SCC. 
The etiology of BD is multifactorial and includes genetic factors, 
ultraviolet (UV) radiation, arsenic exposure (20), infection with 
high-risk HPV types (18, 21), and impaired immune functions (22). 
Both cutaneous and mucosa-associated HPV types, particularly 
types 16, 18, 31, 32, and 34, have been linked to BD, and epidermo-
dysplasia verruciformis has been associated with cutaneous HPV 

types 5, 8, 9, 12, 14, 15, 17, 19–25, 36–38, 46, 47, 49, and 50 (23). 
Non-melanoma skin cancers have also been correlated with HPV, 
primarily cutaneous HPV types 1, 5, 8, 9, 17, 20, 23, and 38 (24).

The most prevalent clinical manifestations of HPV infection 
are skin and anogenital warts mainly associated with low-risk 
HPV types. Namely, in more than 90% of condyloma acuminatum 
cases the (low-risk) HPV types 6 and 11 are found, whereas com-
mon warts are correlated with HPV types 1, 2, 3, 4, 27, and 57 (23). 
In a study by Löwhagen et al., high-risk HPV types (16, 18, 31, 33, 
and 35) were found in 24% of papular, 8% of acuminate, and 56% 
of macular penile lesions. In one-third of these lesions, histologi-
cally moderate to severe dysplasia was observed, and it was asso-
ciated with infection caused by high-risk HPV types (25).

The male patient presented in this case report tested positive 
for HPV type 16 (urethral swab), coinciding with condylomata 
accuminata. After several years, he presented with SCC in situ 
in the same area, suggesting potential involvement of HPV in its 
development. Although the connection between HPV, especially 
HPV 16 and 18, and malignant transformation of condylomata ac-
cuminata in the anogenital region has been very well established 
(26, 27), the role of HPV in malignant transformation of cutane-
ous squamous epithelia and the underlying mechanisms is only 
emerging (28–30).

Mechanisms underlying malignant transformation of the 
squamous epithelia differ between the alpha HPVs and other 
(cutaneous) genera. Alpha HPVs are found to deliver E6 and E7 
oncoproteins to the infected cells, leading to degradation of tu-
mor suppressors p53 and retinoblastoma protein (pRB), and in-
directly to the overexpression of cyclin-dependent kinase inhibi-
tor p16(INK4a), resulting in cell cycle deregulation and cellular 
transformation (31, 32). The use of p16 expression as a surrogate 
marker of transcriptionally active HPV in cervical cancer man-
agement is based on this phenomenon. In the latter case, E7 and 
E6 proteins have a less permissive role. Beta HPVs promote pro-
liferation and circumvention of cellular stresses induced by UV 
radiation or other carcinogenic agents in keratinocytes (16). Their 
role is especially important in the early stages of carcinogenesis, 
when they facilitate survival of cells damaged by UV light (usually 
undergoing apoptosis), and later they are important for sustain-
ing the malignant phenotype, compatible with a “hit-and-run” 
mechanism. Furthermore, during chronic infection HPV is able 
to orchestrate immune responses resulting in impaired tumor 
antigen presentation by dendritic cells and recognition by cyto-

Figure 2 | Condyloma acuminatum removed from the external urethral orifice. Histologic examination of the condyloma removed from the urethral orifice: (i) H&E 
40×, (ii) immunohistochemical staining of p16(INK4a), H&E 200× (brown = examples of positive cells marked by arrows).
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