
Abstract Malignant transformation of chronic wounds
is a well-known, albeit rare, phenomenon. We exam-
ined archival paraffin blocks of samples of squamous
cell carcinoma (SCC) in chronic venous leg ulcers pre-
viously taken from 23 patients and of chronic noncan-
cerous venous leg ulcers from 35 patients for the pres-
ence of human papillomavirus (HPV) DNA. The meth-
ods used were the polymerase chain reaction (PCR)
with GP05+/06+ (mucosal) and nested PCR with
CP65/70 and CP66/69 (EV-associated) primers. A sub-
sequent nonradioactive Southern blot hybridization
was used to confirm the specificity of the PCR. With
PCR three samples were positive on the gel, and with
Southern blotting, a further seven samples were posi-
tive, to give a total of ten samples. All of the positive
samples were from the noncancerous ulcers and with
the primers GP05+/06+. HPV infection is probably not
the carcinogen responsible for the malignant transfor-
mation of venous leg ulcers. The difference in positiv-
ity between the ulcers and the SCCs was statistically
significant (P = 0.01) and raises the question as to
whether HPV-positive cells are eliminated in the inter-
action between the SCC and the immune system. Fur-
ther studies on the carcinogenic effects of chronic pro-
liferation and the role of HPV infection therein, are
needed.
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Introduction

Chronic venous leg ulcers are a common problem, affect-
ing 0.2% of the total population and 3–4% of the popula-
tion over 65 years of age [1]. Venous ulcers often become
chronic; the median duration of the ulcer diathesis was
13.5 years in one study of venous ulcer patients [2].

Malignant transformation is a known but rare compli-
cation of chronic leg ulcers [3]. The appearance of a squa-
mous cell carcinoma (SCC) in a leg ulcer is easily over-
looked and diagnosed only as a deterioration of the ulcer,
until a rapidly growing exophytic tumour or other clinical
signs appear. This exophytic growth is keratinized and
sometimes verrucous. SCC in venous leg ulcers can be fa-
tal, especially if poorly differentiated [4]. The aetiological
factors of the carcinogenesis of this disease are unknown.
Ultraviolet (solar) radiation, generally the overwhelming
cause of skin SCC, seems to be unlikely because of the as-
sumed limited exposure of ulcer sites [5].

Human papillomavirus (HPV) is an established aetio-
logical agent of cervical cancer. HPV has also been de-
tected in SCC of the skin in immunocompetent patients,
albeit in varying proportions [6–9]. Precursor lesions of
SCC have also been studied with regard to HPV, with di-
verging results [10–12]. There are two disease entities that
have been associated with HPV and carcinogenesis of
skin, i.e., epidermodysplasia verruciformis (EV) and SCC
of kidney transplant recipients [13–15]. The former is
linked to an inherent defect in cellular immunity resulting
in widespread verrucous lesions which might become ma-
lignant especially in sun-exposed areas, whereas in kid-
ney transplant recipients immunosuppressive treatment it-
self makes the patients prone to develop skin warts and
even cancers [13, 14]. Also, serological studies have
shown a correlation between seropositivity for HPV types
16 and 33 and noncervical genital cancer [16]. HPV type
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16 has been found in periungual SCC and in Bowen’s dis-
ease, suggesting an autoinoculation from a genital lesion
[17–19]. Today HPV is detected mainly by PCR with sub-
sequent hybridization and/or cloning and sequencing [20].
Analysis methods utilizing nested PCR have demonstrat-
ed increased sensitivity compared to standard PCR [6, 13].

The target of HPV is thought to be solely the basal
cells of squamous epithelia. Thus, an intact epidermis pro-
tects, whilst even superficial trauma exposes the basal
cells to infection [13]. At the margin of a healing ulcer
there is a horizontal growth of a single or a double layer
of epidermal cells migrating over the ulcer bed. Such pro-
liferating keratinocytes might be suitable targets for HPV
infection in a similar manner to basal cells devoid of the
protection of the stratum corneum.

In this study, we sought to determine whether HPV, a
potential carcinogen, is present in SCC arising from
chronic venous ulcers. For this purpose we studied sam-
ples of chronic venous ulcers that were malignantly trans-
formed and of non-malignant venous ulcers.

Materials and methods

Materials

An epidemiological and archival search revealed paraffin blocks 
of 31 samples of SCC in venous leg ulcers from 23 patients and 
50 samples of non-malignant chronic venous leg ulcers from 35 pa-
tients. The patients are described in detail elsewhere [4]. Recut
H&E-stained sections were used to confirm the diagnosis and the
presence of the ulcer margin. Additional 4-µm thick sections were
cut to give an area of 1 cm2. The sections were deparaffinized, de-
hydrated and then lysed with 1 ml of a solution of 10 mM Tris 
(pH 8.3), 400 mM sodium chloride, 1% SDS, 2 mM EDTA and 
0.3 mg/ml proteinase K overnight at 37°C. Proteins were precipi-
tated by adding 300 µl of saturated sodium chloride (approxi-
mately 6 M). After centrifugation DNA was precipitated from the
supernatant with ethanol [21].

PCR

HPV DNA was detected with PCR using general primer sets
GP05+/GP06+ and CP65/CP70. A second nested PCR was per-
formed with CP65/CP70 as external primer and CP66/CP69 as in-
ternal primer [13]. The degenerated primers of CP65/CP70 am-
plify the complete set of EV HPV types and the CP66/CP69
primers are reported to be reliable for their nested amplification
[13]. GP05+/GP06+ target the L1 region in mucosal HPV types
[22]. The reaction was done with 300 ng genomic DNA in a 50 µl
reaction volume. The PCR solution contained 5 µl of 10 × PCR
buffer (50 mM potassium chloride, 10 mM Tris-HCl, pH 8.8, 
1.5 mM magnesium chloride, 0.1% Triton X-100), 1 U AmpliGold
Taq polymerase enzyme (Perkin Elmer, Norwalk, CT, USA), 200 µM
of each deoxynucleotide triphosphate, 20 pmol of the primers and
sterile water. The reaction was done in a thermal cycler (Perkin
Elmer Cetus) with 40 cycles with the following cycle profile after
initial denaturation at 95°C for 10 min: denaturation at 94°C for
60 s, annealing at 40°C for 60 s, elongation at 72°C for 120 s, and
final extension at 72°C for 7 min. In the nested PCR, 3 µl of the
first-step PCR was used as input. In this PCR, 30 cycles of ampli-
fication (1 min at 95°C, 1 min at 55°C, and 2 min at 72°C) were
performed. Beta-globin was amplified to ensure that the samples
were appropriate for PCR. Positive controls for HPV were biopsy
sections from condyloma and EV, and DNA extracted from SiHa
cells. No DNA was added to the PCR reaction of the negative con-

trols. The PCR products were electrophoresed in 3% agarose gel
(NuSieve, FMC BioProducts, Rockland, ME, USA). Bands were
visualized by ethidium bromide staining.

The specificity of the PCR amplification was confirmed by
subsequent Southern blot hybridization. PCR products were trans-
ferred to a nitrocellulose membrane (Gore Screen Plus, Biotech-
nology Systems, Boston, MA, USA). The hybridization was done at
55°C for 2 h and the background was blocked with salmon sperm
(2 mg/ml). The membranes were hybridized with both low-risk
(HPV 6, 11, 40, 42, 43, 44) and high-risk (HPV 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66, 68) HPV-oligoprobe mixtures [23,
24]. The probes were labelled with digoxigenin according to the
manufacturer’s instructions (DIG Oligonucleotide 3′-End La-
belling Kit, Boehringer Mannheim, Germany). The hybridization
was carried out at 55°C overnight. After three washes with (2 ×
SSC, 1% SDS) buffer for 30 min each, the filters were incubated in
the blocking reagent (Boehringer Mannheim) at 53°C for 30–
60 min and positive hybridization was detected with antidigoxi-
genin Fab fragments conjugated to alkaline phosphatase at room
temperature for 40 min. Positive signals were visualized with the
chemiluminescence substrate (DIG Luminescent Detection Kit,
Boehringer Mannheim) at 37°C for 5 min in darkness. The filters
were fixed at 37°C for 5–15 min. Chemiluminescence was
recorded on X-ray film (DuPont, Cronex 4) with exposure times of
10 to 60 min.

Fisher’s exact test was used to test the null hypothesis that the
cancer specimens and the ulcer specimens had the same probabil-
ity of reacting positively in the analyses [25].

Results

PCR with mucosal primers (GP05+/GP06+) was negative
in the SCC samples. Of the noncancerous ulcer samples,
three were positive on the gel, and after hybridization
seven additional HPV samples were positive (see Table 1).
Low-risk HPV types were found in eight samples and
high-risk types in two. None of the specimens was shown
to contain HPV DNA with the primers targeting the EV
HPV types (CP65/CP70). The PCR was therefore re-
peated using the nested method with CP65/CP70 as exter-
nal primer and CP66/Cp69 as internal primer. This also
came out negative for all samples. Altogether, 10 of 35 leg
ulcer patients (28%) harboured HPV in their chronic ul-
cers, all of them mucosal. Only in two cases was the viral
load high. The difference between the positivity of the ul-
cers and the SCCs was statistically significant (P = 0.01).
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Table 1 HPV DNA-positive samples from patients with chronic
venous ulcers

Patient no. PCR positivity Results after Southern 
on gel GP05+/06+ blot confirmation

5155 + Low risk
7213 – Low risk
1023 + Low risk
1235 – Low risk
1097 – Low risk
1034 + Low risk
2238 – High risk
3643 – High risk
1358 – Low risk
304 – Low risk



Discussion

This study was designed to investigate the role of HPV in
SCC arising from chronic venous leg ulcers. There are no
previous studies available focusing on this topic. HPV
DNA has been found in SCC of the skin of immunocom-
petent patients [6, 13]. In 80% of SCCs in kidney trans-
plant recipients, different HPV types belonging mostly to
the EV group have been found by nested PCR [13]. HPV
has also been detected in a verrucous carcinoma of the leg
and foot [26, 27].

Our results indicated that HPV seems not to be the
cause of SCC in venous leg ulcers. The study showed,
however, that HPV can infect chronic ulcers without any
clinical signs of HPV infection. Benign mucosal HPV
types seem to be the most usual infection in chronic leg
ulcers.

The difference between the observed HPV DNA in the
ulcer samples and the SCC samples was interesting and
clearly statistically significant. One hypothesis might be
that the cancer defence mechanisms have eradicated all
HPV, including “innocent bystanders”. This opens the
way to speculations on “hit and run” HPV infections in
these SCCs [28].

As analytical methods have become increasingly sensi-
tive, it has become clear that HPV infection alone is sel-
dom sufficient for malignant transformation of keratino-
cytes. HPV DNA has been found even in clinically nor-
mal skin [6]. Our results are in accordance with current
concepts maintaining that, apart from HPV, either a com-
promised immune system or ultraviolet light is generally
needed in the malignant transformation of the skin, and
SCC in venous ulcers can be seen as a prototype of non-
ultraviolet-induced malignancy [15]. Concerning the find-
ings of HPV in chronic leg ulcers, further investigations
may be necessary to elucidate the interaction between
HPV and the keratinocytes at the ulcer margin that are in
a constant state of proliferation interrupted by repetitive
relapses because of infections or other factors. Such re-
search might even help improve our understanding of the
cellular mechanisms in chronic ulcers.
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