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In a case of epidermodysplasia verruciformis with impaired cell-mediated immunity and 
multiple skin cancers human papillomavirus type 5 (HPV5) DNA sequences were demon
strated in a cutaneous squamous cell carcinoma. HPV5 and HPV8 were detected in the 
benign disseminated skin lesions together with three newly characteri7ed HPVs: HPVl7, 
HPV 19 and HPV24. A chronic infection with hepatitis B virus resulting in macronodular 
cirrhosis associated with a primary hepatocellular carcinoma was also acquired by this 
patient. This case provides an example of the circumstantial evidence which suggests 1ha1 
certain types of HPV are potentially oncogenic and stresses the importance of immune 
surveillance in the protection against virus-associated tumors. Key words: Human papillo
maviruses: Hepatitis 8 virus: Ce/111/ar immune deficiency; Vira/ oncogenesis. (Received 
November 8, 1985.) 
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Epidermodysplasia verruciformis (EV), described as a new entity in 1922, is caused by a 

generalized persistent cutaneous infection, usually acquired in childhood. with human 

papillomaviruses (HPVs) (1). The disease is associated with an impaired non-HPV-specific 

cell-mediated immune response (2), although exceptions have been reported (3, 4). The 

virat aetiology of EV was established in 1966 by electron microscopy studies (5). Recently 

the association of EV with a plurality of specific HPV types has been demonstrated (6-9). 

The hypothesis that certain HPV types are potentially oncogenic. a well-known character

istic of several animal papillomaviruses (10). has received a grcat deal of attention lately 

(11-15). This hypothesis is strongly suggested by the data concerning EV. In about 30% of 

147 EV patients reported cutaneous intraepithelial and invasive squamous cell carcinomas 
were described, usually multiple and located on sun-exposed areas. with an average age of 

onset of 31 years (1). The genome of HPV type 5 (HPV5) has been detected in primary 

(16-18) and metastatic (17) skin carcinomas of EV patients, suggesting that HPV5 has an 

oncogenic potential. 

We describe here a case ofEV with a persistent hepatitis B virus infcction, in which thc 

development of primary carcinomas of the skin as well as the liver was observed. This 

represents a follow-up study of the patient in whom the presence of papillomavirus 

particles in EV lesions was demonstrated for the first time (5). We report the characteriza

tion of the HPVs in the benign skin lesions and the search for HPV DNA sequences in a 

cutaneous carcinoma. 
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PATIENT AND METHODS 

PMienr 
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A 22-year-old Caucasian malc patient with EV since childhood was seen for the first time at the 
Oepartment of Dermatology in 1965 (5). His skin sho"ed multiple verruca plana-like lesions. partly 
giving rise to red hyperkeratotic plaques, on the extensor side of the hands and knees. disseminated 
red-brown macular pityriasis versicolor-like lesions on the trunk and extremities. and greyish-brown 
hyperkeratotic lenticular lesions on the face. He died in 1981 at the age of 38. Ouring !hese 16 years 
thc extent and morphology of the lesions did not change markedly, except on thc race and scalp. 
where multiple malignant lesions developed from the agc of 22. He was institutionaliz.ed clsewhcre 
because of mental retardation. There was no parental consanguinity. One cousin was mentally 
retarded. The mother died of lung carcinoma. Thcre is one healthy male sibling. 

The histology of a lesion on the trunk was typical of EV. showing large clear cells with keratohyalin 
granules in the upper layers of the epidermis (5). lntraepithelial and invasive �quamous cell carcino
mas and keratosis actinica-like changes \\ere observed on face and scalp 119). lntranuclear viral 
particles were demonstrated by electron microscopy in the upper layers of the epidermis in benign 
lesions (5) and in a carciooma-in-situ (20). but could not be detected in an invasive squamous cell 
carcinoma (20). 

In 1972 positive antibody responses were obtained after immuniLation with the primary test 
immunogen Helix pomatia haemocyanin (21) and the following recall antigens: diphtheria. tetanus and 
typhoid O and H. Subsequent skin tests with Helix pomatia haemocyan111. diphtheria. tetanus. 
1uberculin. candida and mumps were negative. A po�itive reaction however was obtained after 
intradermal injection of streptokinase-domase. Blood chemistry and morphology \\ere normal. In 
June 1980, a screening for interna! discase because of anklc oedema and ascites revealed HBs 
antigenaemia (HBsAg+. anti HBs-). moderate elevation of the values of alkaline phosphata�e. 
lactate dehydrogenase and y-glutamyl transferase, normal values of transammases and a lowered 
albumin level. The oedema and ascites disappeared after the institution of diuretic thcrapy and dietary 
measures, but the laboratory abnormalities persisted. In December 1980. a serological investigation 
for hepatitis B virus infection gave 1he followmg results: HBsAg+. an1i HBs-. 1 -IBeAg+. anti HBe-. 
anti HBc+. The a -fctoprotcin level was 266 ng/ml (normal: <20 ng/ml). In April 1981. ascites 
developed again. In May 1981, an hepatic tumor was palpable. which was confirmed by intravenous 
technetium colloid scintigraphy. showing a I arge defect in the left lobe of the I iver. In November I 981. 
aged 38, the patient died because of hepatic insufficienq. Po,t mortem examination of the !iver by 
light microscopy demonstrated a macronodular cirrhosis associated with a primary hepatocellular 
carcinoma. Using peroxidase conjugated anti-H Bs. anti-HBc and anti-HBe immunoglobulins (Or
ganon, Oss. the Netherlands) HBs antigen was observed in some non-malignant cell,. but not in 1he 
hcpatoccllular carcinoma. HBc and HBe antigens were not ob�crved. 

Methods 

Scrapings were taken from the back of the hands. which showed mainly connuen1 vcrruca plana-like 
lesions, and from the back of the 1runk. which sho\\ed pit) riasis versicolor-like lesions. Seven months 
later, at the post mortem examination. scrapings were taken again from the hands. breast and back. A 
cutaneous carcinoma was excised from the forehead. The scrapings and part of the skin tumor were 
snap-frozen in liquid nitrogen and stored at - 70°C. Part of the cutaneous carcinoma was embedded in 
paraffin for routine light microscopy and for immunoperoxidase studies. The skin tumor was screened 
for papillomavirus genus-specific antigen by the peroxidase-antiperoxidase method. using a rabbit 
antiserum against bovine papillomavirus type I di,rupted particles (2. 12). 

Vira! DNA was selectively extracted from the benign skin lesions and total cellular DNA was 
extracted from the skin and liver carcinomas as previously described (&-8. 12. 16). The ulcerated 
central part of the cutaneous 1umor and the peripheral part were processed separately. DN As were 
cleft with restnction endonucleases Pstl. BamHI, EcoRI, and Hindl l  and the fragments wcre 
separated by agarose gel electrophoresis and visualized by struning \\.ith ethidium bromide. DNA 
fragments werc denatured in situ, transferred lo "Gene Screen" hybridizalion transfer mcmbrune 
(New England Nuclear) and hybridized with 12P-labeUed cloned probcs specilic for skin wart HPVs 
(HPVI, 2. 4) (11) and EV HPVs (HPV3. 5, 8. 9, 10. 12. 14. 15, 17, 19 to 24) (&-8). All procedures have 
bccn described previously (&-8. 12. 16). A search for hepatitis B virus DNA in thc hepatocellular 
carcinoma was precluded by degradation of the liver cell DNA. 

RESULTS 

In DNA extracted from benign skin lesions two HPY DN As (HPVX and Y) with Pstl (Fig. 

I a, b). BamHI, EcoRI and Hindll endonuclease cleavage patterns distinct from those 



Acta Oerm Vcncreol (Stockh) 66 Epidermodysp/asia uerruciformis 233 

2.80C1 

2 .151:1 

I 

I 1 • 315 
- 1

,
11,i l2.101l2.10112 .80.

;,;;. 3.15•-• 3.15 

• 119i I . 2.151 
* 

b 

1.80. 1.751 1 1·90

(8hr.. · 1.45*
1.2511·351 . 1.25. 1.25*

0.10 I 

0.48 
o.30

C d I f 

1.0 
0.85 

8:H• o.48

0.25 
r

I 

1.05 

• 

h i j 

Fig. I. ldentification of HPV types associated with benign lesions and a skin cancer in an EV patient. 
DN As extracted from benign lesions of the back (a), thc brea�t (b) and both locations (c-g) and from 
the center (1) and the periphery (/) of a skin cancer were cleaved with Pst I endonuclease and run into 
an agarose gel (I µg per Jane except for 5 µg in lanej). As a control (/,) DNA extracted from the benign 
lesions of an EV patient infected with prototypical HPV5 (6) (0.5 ng) was run in the same gel as the 
skin cancer samples. Vira! DNA fragments were detected after ethidium bromide staining (lanes a. b) 
or after transfer to a membrane (lanes c-J) and hybridization with 32P-labelled cloned probes specific 
for HPY5 (c, h-J), HPV8 (cl), HPYl7 (e), HPVl9 (/), HPV24 (g). Labelled fragments were detected 
after exposure on a Kodak AR X-Ornat film for 4 hours (/), 24 hours (c, d, g), 3 days (e) or 6 days 
(h-J). Numerals indicate molecular weights of fragments expressed in megadaltons (Md) correspond
ing to HPV5 (c, h-J), HPVS (cl), HPVl7 (e), HPY19 (a, /), HPY24 (b, g). The smallest HPV5 Pstl 
fragment (0.29 Md) (6) ran out of the gels. Numbers in brackets indicate the types of the viruses 
whose fragments arc revealcd with thc HPV5 probe. Stars indicate the extra bands found in the 
sample from the cancer periphery. 

reported for already recognized HPVs were detected in !arge quantities on ethidium 
bromide-stained agarose gels. HPVX was found to be prominent on the hands and back 
(Fig. I a), HPVY on the breast (Fig. I b). Molecular cloning of the genomes of these 

viruses led to their characterization as new types, HPV19 and HPV24 respectively, on the 
basis of less than 50% DNA sequence homology with the genomes of other HPVs. as 
determined by liquid phase hybridization followed by SI nuclease analysis (8). HPV 19 

shows some DNA sequence homology (6 to 28%) with the members of a group of related 

EV specific HPV types (HPV5, 8, 12, 14, 20 to 23) and no or almost no detectable 

sequence homology (less than 4%) with other HPVs, including other EV associated 

HPVs: HPV3 and HPVIO found also in flat warts ofthe general population, another group 

ofrelated EV specific HPVs (HPV9, 15, 17) and HPV24 (8). HPV24 shows no or almost no 

detectable sequence homology with any of the other 23 types of HPVs (8). 

Three other HPVs (HPV5, 8, 17), yielding barely detectable bands on ethidium bromide

stained gels (Fig. I a, b), were detected together with HPVl9 and 24 in pooled scrapings 

after blot hybridization with the ditTerent HPV cloned probes (Figs. I c tog). 
The cutaneous carcinoma was shown to be an invasive squamous cell carcinoma by light 

microscopy. Small foci of !arge clear cells, i.e. with the features of the cytopathic effect 

16-868433 
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associated in benign lesions with vegetative DNA replication of EV HPVs (16), were 
observed in the epidermis overlying the peripheral portion of the cancer. No group

specific papillomavirus antigens were detected in the tumor sections studied. 

In the total DNA extracted from the central necrotic part of the tumor and cleaved with 

different endonucleases, bands with the mobilities expected for HPV5 DNA fragments 

were detected after blot hybridization with the HPY5 probe (Fig. I h, i). No evidence for 
the presence of the other HPV types found in the benign lesions, i.e. HPV8, 17, 19 or 24, 
was obtained using specific probes. 

In the DNA extracted from the peripheral portion of the tumor bands with mobilities 

distinct from HPV5 fragments were detected with the HPV5 probe in addition to HPV5 

specific DNA bands (Fig. IJ). Blot hybridization of this DNA preparation with different 

HPV probes revealed the specific cleavage products of HPV17 DNA and, in trace 

amounts, of HPV 24 DNA (data not shown), originating, most probably, from benign 

lesions present in the epidermis covering the peripheral portion of the carcinoma. It is 

unlikely that the additional bands labelled by the HPV5 probe correspond to HPV17 or 24 

fragments since they have distinct molecular weights (Fig. I e, g, J) and since there is 

almost no cross-hybridization beween HPV5, 17 and 24 DNAs (8). They could correspond 

to rearranged HPV5 genomes as observed for some EV carcinomas (17) (and Orth G. et 
al., unpublished results) or to a sixth HPV, partially related to HPY5 but different from the 

known HPV types and overlooked in the DNA preparations obtained from pooled scrap
ings of benign lesions. 

DISCUSSION 

In 1979, two clinical phenotypes of EV were distinguished in a study of 14 patients (22). 

Disseminated verrucae planae on the face and extremities caused by an infection with 

HPV3 or a related virus, now recognized as HPV 10 (7), characterized one phenotype. In 

the other multiple verruca plana-like lesions on the extremities and the face together with 

pityriasis versicolor-like lesions on the trunk were observed in conjunction with an 
infection with HPV5 or HPV5-related viruses. Only this latter phenotype, to which about 
75 % of EV patients betong ( 1), appeared to be cancer associated. Our patient clearly 

belongs to this classical phenotype of EV. At least thirteen other HPVs besides HPV5 

have been identified since 1979, i.e. HPV8, 9, 12, 14, 15, 17 and 19 lo 25, in the benign 

lesions of EV patients with pityriasis versicolor-like lesions originating from different parts 
of the world (6-9) (and Orth G. et al., unpublished results). Often several HPVs were 
detected in one patient, as in the patient described. These HPVs have not been found so 

far in the general population, in contrast to HPV3 and 10, which induce Ilat warts (7). 

HPV3-induced flat warts were also found in some EV patients with pityriasis versicolor

like lesions (6, 7, 22). 

The detection of HPV5 DNA sequences in a cutaneous invasive squamous cell carcino

ma in our case of EV supports the hypothesis of the potential oncogenicity of some 
specific HPVs. HPY5 DNA has been reported to be present in the carcinomas of three EV 

patients (16-18) and the DNA ofHPV5, and less frequently ofHPY8 and HPV14 (23), has 

recently been found in the DNA extracted from cutaneous carcinomas of 14 other EV 

patients (Orth G. et al., unpublished results). HPV3-related sequences were found in a 

vulvar carcinoma-in-situ of an EV patient with disseminated verrucae planae (24). In 

addition the presence of the HPV5 genome has been reported in two skin cancers of a 

renat allograf! recipient with skin lesions resembling the pityriasis versicolor-like lesions of 

EV (12). The cutaneous malignancies of that patient developed on sun-exposed skin as is 

the case in the !arge majority of EV patients with skin carinomas. Therefore sunlight is 

suggested as a co-carcinogenic factor (I, 12, 19). 



Acta Derm Vcnereol (Stockh) 66 Epidermodysplasia vermciformis 235 

Mental retardation of unknown cause, as observcd in the case presentcd, has becn 
dcscribed in 8 % of 147 EV patients reportcd ( I). Although sporadic cases com,titute the 

majority of EV patients. the occurrcnce of familial cases and parental consanguinity and 

the association with mental retardation suggest a genetic factor in the pathogenesis of EV 
(I, 23, 25). This gcnetic factor may be rcsponsible for an immunologicaUy determined 

persistence of HPV infection in EV patients. lmpairment of the non-HPV-�pccific cell

mediated immune response in our case of EV seems highly probable in view of the 

negative skin tests performed almost ten years before death. Whether this impairment, 

which has been frequently reported in EV patients (2, 16), is primary or secondary to the 

HPV infection i� unknown however. When a cellular immune deficiency exists, this not 

only predisposes to protracted viral infections. but may also facilitate virus-induced tumor 
growth (26, 27). This seems illustrated in our patient, one of the rare cases of EV with long 

term follow-up data available (I, 25), by the simultaneous occurrence of an HPV5-

associated cutaneous carcinoma and an hepatitis B virus-associated primary hepatocellu

lar carcinoma. The occurrence of a probable Burkitt's lymphoma. an Epstein-Barr virus 

associated malignant lymphoma, has also been reported in another EV patient ( I). 

A persistent hepatit is B virus infection, characterized by H Bs antigenaemia and lack of 

anti HBs formation, which was also apparent in our patient, seriously aggravates the risk 

for the development of primary hcpatocellular carcinoma (28). Most cases of primary 

hepatocellular carcinoma in developed countries arise in a liver already affccted with 
cirrhosis. Hepatit is B viru<; antigen,; are rarcly found in the c::ircinomas, but can be seen in 

non-carcinomatous parts of the !iver. as in our case. The presence of hepatitis B virus 

DNA in hepatocellular carcinomas developing in HBsAg positive and even in HBsAg 

negative subjects supports the as!>ociation of the virus with the tumor (28). 

Our observations support the hypothesis of a synergism beween a persistent infection 

with specific HPV types, cellular immune deficiency and sunlight in the pathogenesis of 

squamous cell carcinoma of the skin in epidermodysplasia verruciformis and stress thc 

importance of immune surveillance in the protection against virus-associated tumor 
growth. 
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