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Objectives
To evaluate melanoma biopsy specimens for human papil-
loma virus (HPV) and determine the relation between the
presence of HPV, in vitro growth, and clinical progression of
melanoma in the patients from whom the biopsy specimens
were derived.

Summary Background Data
Ultraviolet radiation from sun exposure appears to be the pri-
mary causal agent in the development of cutaneous mela-
noma. However, other agents, including HPV, as observed in
different epithelial carcinomas, may also play a role in mela-
noma development and progression.

Methods
Twelve melanoma biopsy specimens obtained from 12 pa-
tients with AJCC stage III and IV melanoma were stained with
antibodies against gp-100 (HMB-45) and S-100 protein to
confirm melanoma diagnosis and with a polyclonal HPV anti-
body. After mechanical dissociation, the melanoma specimen
cells’ ability to grow in vitro was assessed. Patients were eval-
uated for melanoma progression with physical examination,

complete blood count, and liver function tests every 3 months
and a chest radiograph every 6 months.

Results
All biopsy specimens were positive for S-100, and nine (75%)
were positive for gp-100. Seven of 12 (58%) were positive for
HPV by immunohistochemistry. In vitro, none of the HPV-neg-
ative tumor cells grew from the tumor biopsies, whereas five
of seven (71%) of the HPV-positive melanoma tumor cells
grew very well. All patients with HPV-positive tumor cells had
recurrences and died of melanoma progression, whereas four
of five (80%) patients with HPV-negative tumor cells remained
alive and without melanoma recurrence.

Conclusions
The presence of HPV was found in 58% of the biopsy speci-
mens obtained from patients with stage III and IV melanoma
and correlated with rapid melanoma progression. HPV may
serve as a cofactor in the development of melanoma and may
modulate a more aggressive phenotype in HPV-containing
melanoma cells.

Ultraviolet (UV) radiation from sun exposure appears to
be the primary causal agent in the development of cutaneous
melanoma.1,2 Indeed, the use of various sun-block lotions
and prevention campaigns against sun bathing may have

had some positive effects.1,2 Moreover, several studies in
white populations have shown a correlation between the
incidence of melanoma and latitude, which is associated
with the amount of UV sun exposure.1,2 From a cellular and
molecular standpoint, UV radiation, especially UVB rays,
have been shown to be associated with the development of
some mutations in vitro.3 However, these mutation patterns
remain inconsistent. Indeed, only a few of these mutations
were associated with cell cycle regulation, especially p53
regulatory protein in melanoma.4–6These observations sug-
gest that other agents may be involved directly or indirectly
in the development and progression of melanoma.

Other agents, especially viruses, play a preeminent role in
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the development and progression of some cancers, includ-
ing cervical,7 gastrointestinal, and laryngeal carcinoma8,9

and nonmelanoma skin cancers.10,11 The role of human
papilloma virus (HPV) in the development of cervical can-
cers has been extensively studied.11,12 HPV also has been
detected in, and may play a role in, some lymphomas13 and
eosophageal cancers8,9,14. Other studies, however, failed to
confirm the presence of HPV or other viruses in these
cancers.14,15 Overall, current evidence suggests that the
strength of the association between cancer and viral infec-
tions ranks from very strong (human herpes virus-8 in
Kaposi sarcoma) to inconsistent (HPV in nonmelanoma
skin cancer) in immunocompromised patients.16 Neverthe-
less, the influence of early HPV proteins E6 and E7 at key
mitotic checkpoints during the G1 phase of the cell cycle
has been demonstrated in vitro.12,17 Although the multiple
actions of the early proteins E6 and E7 are not completely
understood, recent analyses have shown that E6 and E7
from high-risk HPV subtypes (e.g., HPV 16, HPV 18, and
HPV 35) interfere primarily with p53 and pRb proteins,
both key cell cycle protein regulators.5

E6 proteins affect the actions of p53, a tumor suppressor
protein involved in the repair of UV-type DNA damage.18

E6 protein promotes the degradation of p53 tumor suppres-
sor protein.19–21 This results in a potent inhibition of p53
DNA binding activity22 and in disruption of the cellular
response to DNA damage.23 The E7 protein mainly affects
the G1/S transition of the cell cycle, altering the retinoblas-
toma protein function.24 The disruption of the G1/S transi-
tion in HPV type 16 E7-expressing human cells is associ-
ated with altered regulation of cyclin E.12 E7 protein has a
profound effect on several aspects of the cell cycle machin-
ery, including transit through G1, which is shortened by the
premature activation of cyclin E-associated kinase activity.
This disrupts the G1/S cell cycle progression in addition to
the release of E2F transcription factor.12,25,26

In vitro, similar actions of these two proteins on melano-
cytes result in the immortalization of these cells27 and of
normal human keratinocytes.28,29Finally, recent reports in-
dicate the presence of HPV in some melanoma biopsy
specimens.30,31 These observations, associated with our re-
cent findings of HPV in melanoma cells derived from mel-
anoma biopsy specimens in vitro,32 suggest that HPV may
play a role in melanoma development and progression.

The present study was designed to evaluate melanoma
biopsy specimens for HPV and to determine the relation
between the presence of HPV, the in vitro growth rate of
HPV-negative and HPV-positive melanoma cells, and the
clinical progression of melanoma in the patients from whom
the biopsy specimens were derived.

METHODS

Patients and Biopsy Specimens
Patients referred to Carolinas Medical Center for mela-

noma recurrence (AJCC stage III and IV) were evaluated

using standard modalities, including physical examination,
computed tomography, positron emission tomography, and
magnetic resonance imaging.33,34 Melanoma tumors were
removed by surgical resection, rendering all the patients
disease-free by clinical examination and staging radiology.
A portion of the tumor was used for research after informed
consent was obtained. A consent form approved by the
human subject committee permitting research use of re-
moved tissue was used. Each biopsy specimen was treated
similarly. Biopsy specimens were divided into two parts.
One part was fixed for 48 hours in Z-FIX fixative (Anatech
Ltd., Battle Creek, MI), dehydrated in ethanol, embedded in
paraffin, and sectioned at 5mm for histology and immuno-
chemistry. The second part was mechanically dissociated
through a 450-mm mesh and washed twice in phosphate-
buffered saline. After centrifugation, cells were resuspended
in complete culture media (RPMI-1640 medium [Sigma, St.
Louis, MO], 10% fetal bovine serum [Sigma], 2 mmol/L
L-glutamine [Gibco BRL, Rockville, MD], 2mg/mL Fun-
gizone [Gibco], and 80mg/mL gentamicin [Gibco]).

Histology and Immunostaining

After deparaffinization, serial sections (5mm thick) were
used for immunohistology. All the different immunostain-
ing steps were done using a semiautomated immunostainer
(Ventana Medical System, Tucson, AZ). A mouse mono-
clonal antibody against gp-100 (clone HMB-45) and a rab-
bit polyclonal antibody against S-100 protein (both Ven-
tana) were used to determine the presence of melanoma
cells. The presence of HPV was determined using a rabbit
polyclonal antibody raised against bovine papilloma virus 1
and reacting with all HPV isolates (Ventana). Melanoma
antibodies to S-100 and gp-100 and antibodies to HPV were
detected using the alkaline phosphatase Vectastain ABC-AP
kit (Vector Laboratories, Burlingame, CA). Antibodies were
prediluted according to the manufacturer’s recommendations.
Sections were counterstained with hematoxylin (Vector Lab-
oratories). Slides were then mounted using a xylene-based
mounting medium (Stephen Scientific, Kalamazoo, MI).

Serial sections were stained for S-100, gp-100, and HPV
separately. Negative (normal skin biopsy) and positive
(condyloma biopsy)35 controls were included in each stain
experiment. Multiple sections were read using a dual-
headed Zeiss microscope (Heidelberg, Germany). Photo-
graphs of the same fields were taken at magnifications of
325 and3125. Two investigators (DD, CC) recorded the
number of HPV-positive cells at a magnification of3250 in
five different tumor-positive fields. In addition, when avail-
able, up to five (median 4, range 2–5) normal tissue (non-
tumor) fields were also counted. No significant difference
was observed between both counts, and the results were
averaged per biopsy and expressed as number of HPV-
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positive cells per field. HPV-positive tumors were defined
as biopsy specimens with several HPV-positive cells per
field. The tumor biopsy specimens with an average value of
less than one HPV-positive cell per field were defined as
negative.

Follow-Up

After surgery, patients were evaluated on a standard
melanoma follow-up protocol with examination, complete
blood count, and liver function tests every 3 months and a
chest radiograph or scans every 6 months. Patients received
no treatment (n5 5) or various immunotherapy regimens
(n 5 9).34 Melanoma progression was evaluated based on
the development of metastatic lesions as determined by
radiologic analyses, tumor biopsies, and melanoma-related
death.

Melanoma Cell Cultures

After dissociation, melanoma cells were cultured in com-
plete medium as noted above. The culture medium was
changed every 3 to 4 days, and the growth of cells was
evaluated every week by microscopic observations. Viable
melanoma cells were obtained from all biopsy specimens.
Cells isolated from the biopsy specimens were cultured for
up to 3 months. The cells still dividing after 3 months in
vitro were defined as growing cells. Cells that stopped
growing or remained alive but without dividing were de-
fined as nongrowing cells.

Statistical Analysis

Patient characteristics, including sex, age, AJCC stage,
treatment, disease progression, and death, and the ability of
biopsy cell suspension to grow in vitro were tested using an
unpairedt test. Differences in in vitro growth and disease
parameters (survival) and the HPV status of the tumor
tissues were tested using chi-square tests.

RESULTS

Twelve biopsy specimens were obtained from lymph
nodes (n5 7, 58%) or skin (n5 5, 42%; Table 1). The
male:female ratio was 7:5. The median age was 58.5 years
(range 34.7–81.6). Nine of the biopsy specimens were ob-
tained from patients with AJCC stage III melanoma, and
three were from patients with stage IV disease.

The biopsy specimens were stained for melanoma using
specific antibodies against gp-100 and S-100 proteins. All
the samples were positive either for S-100 protein or gp-
100. All but one biopsy specimen was positive for S-100
protein (92%). gp-100 was detected in 8 of 12 biopsy
specimens (67%). As shown in Figure 1, S-100 and gp-100
were present in melanoma tumors with different intensities

and locations. Fewer melanoma cells stained positive for
gp-100 than for S-100 protein.

Cells positive for HPV (Fig. 2) were detected in the tumor
areas or the biopsy specimens in cells that were positive for
either S-100 or gp-100. Although variations in both the
intensity of the staining and the presence of HPV-positive
melanoma cells were observed, the presence of HPV was
observed in cells stained with melanoma antigens. In the
normal tissue areas of the biopsy specimens, regardless of
the HPV tumor status, few cells were positive for HPV. The
presence of HPV-positive cells in both the tumor and the
normal tissue areas of the biopsy specimens was evaluated
on multiple sections of each biopsy specimen. HPV-positive
cells in the tumor areas of the biopsy specimens were either
absent or rare (n5 5) or constantly present throughout the
tumor (n5 7) (Table 2). On average, HPV-negative biopsy
specimens contained 0.336 0.2 HPV-positive cells per
field, whereas HPV-positive biopsy specimens contained
3.9 6 0.56 HPV-positive cells per field (P 5 .0002). The
number of cells positive for HPV was well below the
number of HPV-positive cells recorded in a positive control
condyloma biopsy specimen. In the normal tissue, the pro-
portion of cells stained for HPV was similar regardless of
the HPV status (range 0–1.3 HPV-positive cells per field;
not significant).

In vitro, none of the HPV-negative tumor cells grew from
the tumor biopsy specimens (Table 3), whereas five of seven
of the HPV-positive melanoma specimens grew very well
(chi-square test,P 5 .09, not significant). The sex, age,
AJCC stage, and treatment of these patients were not sta-
tistically correlated with the HPV status of the biopsy spec-
imens. However, all patients with HPV-positive tumor cells
had recurrences and died of melanoma progression. Four of
five patients with HPV-negative tumor cells remained alive

Table 1. ORIGIN OF THE MELANOMA
BIOPSY SPECIMENS ANALYZED

Biopsy
Specimen

No. Origin

Patient Characteristics

Sex
Age
(yr)

AJCC
Stage*

1 Lymph node M 37.7 III
2 Lymph node F 76.7 IV
3 Skin F 81.5 III
4 Skin F 81.6 III
5 Lymph node M 36.5 III
6 Skin F 76.0 III
7 Skin M 72.8 III
8 Skin M 59.8 III
9 Lymph node F 34.7 IV

10 Lymph node M 57.2 III
11 Lymph node M 50.0 III
12 Lymph node M 55.1 IV

* Disease stage was determined (WDH) according to the American Joint Com-
mittee on Cancer (AJCC).
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and without melanoma recurrence. The distribution of
HPV-positive biopsy specimens correlated with patient out-
come in terms of recurrence (chi-square test,P 5 .02), death
from melanoma (chi-square test,P 5 .004), and survival
time (chi-square test,P 5 .001).

DISCUSSION

This study was designed to determine whether HPV (or at
least HPV proteins) was present in melanoma biopsy spec-
imens, and if so, to correlate the presence of HPV with the

Figure 1. Serial sections of a melanoma biopsy specimen immunostained for S-100 protein (A) or gp-100
protein (B) using specific antibodies. Original magnification 325.

Figure 2. Serial sections of two melanoma biopsy specimens immunostained for S-100 protein (A,D),
gp-100 protein (B,E), or human papilloma virus (C,F) using specific antibodies. Original magnification 3125.
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clinical outcome and the derivation of long-lasting mela-
noma in vitro cell cultures. The results indicate that HPV
was present in 58% of the melanoma biopsy specimens
tested, the presence of HPV was associated with sustained
growth of melanoma cells in vitro, and the presence of HPV
was associated with a poorer prognosis for patients with
AJCC stage III and IV melanoma.

Different approaches may be used to determine the pres-
ence of viral oncoproteins in biopsy specimens, including
immunohistochemistry, polymerase chain reaction (PCR),
and in situ hybridization. PCR detection of different sub-
types of HPV has been used on cervical carcinoma sam-
ples36 and nonmelanoma skin cancers.37 However, because
of the sensitivity of this technique, a significant number of
false-positive results may occur, as shown in clinical PCR
diagnosis ofMycobacterium tuberculosis.38 Clinical diag-
nosis using PCR techniques still requires that issues such as
control of amplicon contamination, specimen treatment to

avoid inhibitors, and interpretation of positive results be
addressed.39 In the present study, an immunohistochemical
approach using a specific polyclonal antibody that recog-
nized most HPV types was preferred. Indeed, because the
distribution of melanoma cells in the biopsy specimens was
heterogeneous, the staining of serial sections allowed for the
simultaneous detection of melanoma cells and HPV. The
positive (condyloma biopsy)35 and negative (normal skin
biopsy) controls were stained for HPV with the samples and
remained positive and negative throughout the experiments.
This suggests that the immunostaining technique used here
was sensitive in detecting HPV in the melanoma biopsy
specimens. Whether this result will be confirmed by in situ
hybridization techniques is under investigation.

The presence of HPV in a portion of melanoma cells in
some biopsy specimens clearly indicates that HPV is asso-
ciated with some melanomas, as indicated previously.30,31

Two types of HPV—HPV 1630 and HPV 3831—have been
associated with melanoma in recent clinical cases. In addi-
tion, our laboratory has found both HPV 16 and HPV 35 in
cell lines derived from melanoma biopsy specimens (un-
published data). HPV has been associated with different
nonmelanoma skin cancers such as cutaneous squamous cell
cancers from renal allograft recipients,40 from epidermodys-
plasia verruciformis,41 and immunosuppressed patients.11

The presence of HPV has a well-demonstrated association
with the development and progression of invasive cancers
of the genital tract,7 skin,37 and head and neck.42 In addi-
tion, some recent work suggests that HPV was widespread
in more than one third of the skin biopsy specimens tested
and often occurred in normal skin.40 However, others found
that HPV type 16 sequences were absent in the DNA of
normal skin from patients with cutaneous squamous cell
cancer.42 Our observations indicate that in skin biopsies,
HPV was present in some of the normal skin specimens, as
reported previously.40 Different HPV types, including HPV
5, 16, 20, and 38, were found in normal skin and skin
lesions.40–42 The HPV types present in our biopsy speci-

Table 2. NUMBER OF HPV-POSITIVE
CELLS IN THE TUMOR AND NORMAL
AREAS OF THE BIOPSY SPECIMENS

HPV Status
of Biopsy

Specimens n (%)

No. of HPV-Positive Cells per
Field

Tumor
Areas*

Normal
Areas

HPV1 7 (58) 3.9 6 0.56† 0.33 6 0.2
(1.7 –6.2) (0 –1.3)

HPV2 5 (42) 0.1 6 0.06 0.26 6 0.23
(0 –0.3) (0 –1.2)

Positive control 80.0 6 33.2
(condyloma) (19 –133)
Negative control 0.2 6 0.1
(skin biopsy) (0 –0.4)

HPV, human papilloma virus.
* Significantly higher in HPV1 biopsy specimen, t test, P 5 .0002.
† Values are given as mean 6 SEM, with range in parentheses.

Table 3. EVOLUTION OF PATIENTS AND CELL CULTURES DERIVED FROM HPV1 AND
HPV2 MELANOMA BIOPSY SPECIMENS

HPV Status of
Biopsy Specimens n (%)

In Vitro
Cell

Growth
Patient

Recurrence*

Patient
Death

Resulting
From

Melanoma† Survival Time (mo)‡

HPV1 7 (58) 5 7 7 15.2 6 5.2 (1.3–34.6)
HPV2 5 (42) 0 1 1 40.4 6 16.5 (9.3–82.9)

HPV, human papilloma virus.
* Significant correlation with HPV status, chi-square test, P 5 .02.
† Significant correlation with HPV status, chi-square test, P 5 .004.
‡ Significant correlation with HPV status, chi-square test, P 5 .001. Values are given as mean 6 SEM (range).
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mens, especially HPV 16, 18, 35, and 38,40 are under
analysis.

Five of the seven cell cultures isolated from melanoma
biopsy specimens positive for HPV grew in vitro. This
observation was in agreement with our previous work on
melanoma cell lines derived from fresh biopsy specimens.32

Indeed, the PCR analysis of 22 melanoma cell cultures
showed that HPV was present in 58% of the cell cultures.
By sequencing the PCR products, HPV was identified as of
type 16 and 35 (unpublished data). The presence of HPV in
the cell culture that grew in vitro may be linked to the action
of early proteins E6 and E7 on the cell cycle of melanoma
cells. Indeed, the introduction of E6 and E7 open reading
frames of HPV type 16 into cultured normal human mela-
nocytes resulted in the immortalization of the cells.27 The
presence of these two proteins alone was sufficient to gen-
erate a melanocyte cell line in vitro.27

Mechanisms by which the cell cycle of melanoma cells is
altered are likely to be similar to those extensively studied
in cervical cancer.7 The early HPV E6 and E7 proteins have
been shown to stimulate cell proliferation by activating
cyclins E and A and by interfering with the functions of the
cell cycle proteins Rb and p53.11,43,44The cellular tumor
suppressor gene products, p53 and pRb, were important
targets for the viral oncoproteins E6 and E7, respectively, in
epithelial cells infected with HPV.11 The crucial role of E6
and E7 proteins was demonstrated using antisense RNA to
E6/E7, which led to growth inhibition from specific E6/E7
downregulation of the tumor cells positive for HPV.45 Fur-
ther, few or no mutations of the p53, p16, and p21 genes
were found in oral carcinoma lesions associated with
HPV.46 Mutations in p53 were also detected in 48% of
nonmelanoma skin cancers in renal allograft recipients and
in 63% of sporadic tumors from immune-competent pa-
tients, mostly consistent with damage caused by UV irradi-
ation.47 In both studies, no relation between HPV status and
p53 mutation was identified.46,47 The sequencing of p53
exons 5 to 9 showed that p53 mutations were present in only
2 of 25 cell lines tested (unpublished data). This observation
is in agreement with previous studies that indicate a low
level of p53 mutation in melanoma.6 Whether other muta-
tions are involved in the HPV-positive lesions remains to be
determined.

Although the interactions between the early protein E6
and E7 with different proteins involved in the cell cycle
have been shown,5,28 the precise sequence of events leading
to the immortalization of the cells remains to be determined.
Moreover, as in epidermodysplasia verruciformis,43 and in
contrast with anogenital and cervical malignancies,11 the
possible HPV mechanisms remain uncertain and may re-
quire UV radiation. Indeed, UV radiation and the presence
of HPV were associated with an increased risk of nonmela-
noma skin cancer in patients.11,48Whether UV alone or the
interaction between UV and HPV infection is needed for the
development and progression of melanoma remains to be
analyzed.

From a clinical standpoint, our results indicate that the
biopsy specimens positive for HPV were associated with a
poorer clinical outcome, suggesting that the presence of
HPV may indicate a melanoma type more prone to recur-
rence or progression. Although the number of biopsy spec-
imens tested is small, the results clearly indicate a correla-
tion between poor melanoma outcome and the presence of
HPV in biopsy specimens obtained from AJCC stage III and
IV melanoma. A larger cohort of patients is being evaluated.
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Discussion

DR. J. PATRICK O’LEARY (New Orleans, Louisiana): I could not
help but observe that Dr. Holder sent this manuscript to me, which
falls almost completely outside of my sphere of expertise, if in fact
I have one. I can only opine that it was to make sure that he got
some simple questions to answer, and I will try to comply.

I think this is a fascinating observation. We should not get lost
in the nomenclature. What we should focus on is that patients who
have HPV virus-positive particles in their tumors died, and those
that did not, with the exception of the one patient, lived. Now, the
caveats are: the numbers are small, it’s from one center, technol-
ogy varies—but this is an intriguing observation. My questions are
about patient selection.

Why did you choose just stage III and IV patients? Could there
have been something else about these patients that might have
impacted on their survival?

What about the nutritional state? What about the burden of
tumor? Was the burden of tumor the same? Were the majority of
the patients who died actually in stage IV disease instead of stage
III?

This begs the real question: was the HPV virus infestation
causative that pushed the melanoma to become a more aggressive
variant, or something that just happened? Was it just happenstance
that these tumor variants were susceptible to the infestation by the
HPV virus?

Should we go home now and look at all of our melanoma
patients, pull their blocks, stain them? And if we find that they
have a virus, should we then treat the virus with ganciclovir or
some other type of antiviral therapy?
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DR. DOUGLAS S. REINTGEN (Tampa, Florida): The authors should
be commended for a diligent search for other prognostic factors for
melanoma progression. They conclude that biopsies from patients
with stage III and IV disease that were HPV-positive correlated
with recurrence, death from melanoma, and survival time. How-
ever, it is difficult to say anything about cofactors for development
of melanoma when the biopsies were performed on metastatic
disease, that is, in patients with stage III and IV melanoma. All the
biopsies were either from regional nodes or distant skin metastatic
sites. UV radiation and HPV infection may be synergistic for the
development of melanoma, but certainly this study needs to be
performed in premalignant tissue, like dysplastic nevi and primary
melanomas, to perform the definitive study.

But this is not unusual, I think, for studies involving HPV. Most
epidemiologic studies of HPV infection in cancer have been con-
ducted with the use of samples taken after the cancer is diagnosed,
well established, or has metastasized. Such studies that provide no
information on the temporal order of events may be biased in their
estimation of risk, because the presence of disease itself may
increase the detectability of HPV, that is, as the HPV-infected
tissue mass grows, sampling is facilitated and the HPV genome is
amplified to allow easier detection. In a way, it’s comparable to the
cervical cancer story, where cervical intraepithelial neoplasia (a
premalignant lesion) and carcinoma in situ is preceded by the
persistent presence of a detectable HPV DNA in healthy women.

HPV infection, particularly in the female population that is
sexually active, is highly prevalent. Thirty percent of melanoma
patients are women of childbearing age. How extensively did the
authors test other normal tissue for HPV in these patients with
metastatic melanoma?

There is more solid evidence from the study that suggests HPV
may be involved in melanoma metastasis, resulting in higher
recurrence rate and lower survival. This mechanism is through
cell-cycle regulatory steps, and a block in one of the cell-cycle
checkpoint proteins would cause immortalization of the cell line.
This certainly may be true. There are no good prognostic factors
for patients with melanoma that has metastasized. For stage III
disease, there is the number of positive lymph nodes and the
presence of extranodal disease. For stage IV disease, variables
such as skin and soft tissue metastasis have a better survival than
patients with visceral metastasis. If this assay can enhance the
prognostication once metastasis develops, that can be helpful.
However, the more exciting possibility would be that if HPV
infection is a cofactor for melanoma development, then treatment
strategies such as vaccination or public health measures against
this virus may be designed. That is the true potential of this work.

DR. J. DIRK IGLEHART (Boston, Massachusetts): Walter, as the
other discussants have indicated, that was a very provocative
paper. In other viral systems, such as cervical cancer and penile
cancer, where HPV seems to be important, the targets of the HPV
are probably p53 and the retinoblastoma gene product. At least in
cervical and penile carcinomas, it tends to be those tumors that are
p53 mutation-negative that are targeted by HPV. In melanoma,
however, the vast majority are p53 mutation-positive. And so you
wonder what’s being targeted. Is it the p53-negative tumors similar
to cervical cancer and penile cancer that are being targeted?

DR. EDWARD M. COPELAND III (Gainesville, Florida): Walter, I
would assume that in the biopsies you stain for the HPV, you also

stain some normal melanocytes in the surrounding tissue. Do you
ever find the HPV in normal melanocytes, particularly in those
patients who are HPV-positive in the tumor?

DR. WALTER D. HOLDER, JR. (Closing Discussion): As you can
see, we are very early in evaluating this whole concept of HPV and
what’s happening with melanoma patients. As such, I think we
certainly need more data to define whether or not HPV is actually
involved in the etiology of melanoma, or whether it has consis-
tently negative effect as far as the progression of disease is con-
cerned.

In regard to Dr. Iglehart’s question, are p53-negative tumors
targeted by HPV and melanoma: at this point we do not know the
answer to that. Hopefully, we will soon be able to tell you.

Unfortunately, we could not evaluate the primary tumor for
HPV in most of these patients. We were able to obtain several of
the primaries that did correlate with HPV positivity of the metas-
tasis. We are now prospectively evaluating stage I and stage II
melanomas and also premalignant tissues, as Dr. Reintgen asked,
by immunohistochemistry and also by in situ hybridization for
evidence of HPV positivity and to help us clarify the evolution of
these HPV-positive cells and correlate this with clinical outcome.

Dr. Copeland asked a question about normal tissues. Normal
tissues were removed from all of these patients in addition to the
melanoma, and were tested for HPV positivity. Normal tissues
included skin and normal melanocytes, subcutaneous tissue con-
sisting of fat, fibroblasts, vessels, and also some lymph node tissue.
All these were negative for HPV. We saw none of these patients
with condylomata or other evidence of active HPV infection.

Regarding Dr. O’Leary’s question, HPV could possibly just be
tagging along for the ride, and not be involved as an etiologic agent
or a cofactor at all. We aren’t to the point yet where we could say
with any definition that this is or is not the case. However, in every
single melanoma primary or established culture that we have
evaluated thus far—and we have around 100 of these currently—
the presence of HPV in those cells renders those cells much more
rapidly dividing and invasive in a highly statistically significant
fashion than HPV-negative melanoma cells.

The question is whether or not the viral genome is actually
integrated into the host genome. We have looked for E6 and E7
DNA in the established cultures and in melanoma biopsies utiliz-
ing PCR and have found evidence of one or the other of these
DNA fragments and, actually, both in the majority of cases of the
HPV-positive cells—and none in the adjacent normal tissues. At
least E6 and E7 are incorporated into the DNA of the cells, and we
don’t know as yet if the full viral genome is incorporated or not.
We certainly cannot tell you if any infectious virus particles are
produced.

Responding to Dr. O’Leary’s questions, should everyone go
back and look at all melanoma tissue blocks? I don’t think we
would recommend this. I would like to see more data on this and
certainly would like to see this evaluated at other centers as well.
But again, the implication is very strong that HPV positivity
renders a very poor prognosis in patients with melanoma. The
choice of using stage III and IV patients was based on our referral
patterns and availability of tissues. Finally, we are currently eval-
uating the effects of antiviral drugs on HPV-positive melanoma
cells in vitro.
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