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A B S T R A C T

Vulvar carcinoma is the fourth most common gynecological malignancy. Two separate carcinogenic pathways
are suggested, where one is associated with the human papillomavirus (HPV) and HPV16 the most common
genotype.

The aim of this study was to evaluate HPV-markers in a set of primary tumors, metastases and recurrent
lesions of vulvar squamous cell carcinomas (VSCC). Ten HPV16-positive VSCC with metastatic regional lymph
nodes, distant lymphoid/hematogenous metastases or local recurrent lesions were investigated for HPV geno-
type, HPV16 variant, HPV16 viral load, HPV16 integration and HPV16 E2BS3 and 4 methylation.

In all 10 analyzed case series, the same HPV genotype (HPV16), HPV16 variant and level of viral load were
detected in all lesions within a patient case. Primary tumors with a high E2/E6 ratio were found to have fewer
vulvar recurrences and/or metastases after diagnosis and treatment. Also, a significantly lower viral load was
evident in regional lymph nodes compared to primary tumors.

The data presented strengthens the evidence for a clonal HPV-induced pathway for vulvar carcinoma

1. Introduction

Human papillomavirus (HPV) infection is an important etiological
factor of cervical cancer and this virus has also been strongly associated
with other ano-genital malignancies. In vulvar carcinoma, two separate
carcinogenic pathways are suggested, one being HPV-associated [1,2]
with HPV16 as the most common genotype [3–7]. This the fourth most
common invasive gynecological cancer affects mostly older women and
the incidence rates are highest in the western countries [8]. Prognostic
factors include lymph node status as well as tumor size and tumor re-
currences [9–11]. Relapse (vulvar, LN metastases or hematogenous
metastases) occurs in up to 40% of all patients [10,12], but no single
factor has been found to be prognostically relevant [13]. The prognostic
role of HPV in vulvar cancer is debated, where some studies have been
able to show a better survival for women with HPV-positive vulvar
tumors [14,15], others have not [4,16,17]. Even less in known about
viral spread and impact on metastasis.

The multi-step process of metastasis is often the cause of mortality
in cancer [18,19]. The metastasis cascade describes events necessary for
cell dislocation from primary site, vascular transport, adhesion to a new
site, and reinitiating of proliferation. Besides the necessary genetic and

epigenetic alterations, signals are also preprocessed by surrounding
cells and by diverse transcription factors [20–22]. Vulvar carcinomas
metastasize via the lymphatic system to inguinal or femoral, but also to
pelvic and distant lymph nodes. However, hematogenous spread is
unusual [9,23].

In cervical cancer, HPV in lymph nodes has been found to be a
predictive factor for recurrences [24,25], but not for patient prognosis
[26,27]. Fewer studies have been conducted in vulvar carcinomas.
Lindell et al. [14] reported that HPV-positive primary tumors also had
HPV-positive metastatic lymph nodes, but the presence of HPV in
lymph nodes did not affect patient prognosis. Pinto et al. could confirm
a 100% HPV presence in metastatic lymph nodes from HPV-positive
primary tumors [17]. In an earlier study [28] the concordance of HPV
in metastatic lymph nodes to primary tumor was 82% (9/11). HPV
genotypes found in lymph nodes have been found to be identical to
genotypes found in primary tumors [14,17,28].

The capacities of the viral oncoproteins E6 and E7, such as gen-
erating cell genomic instability and prolonged cell proliferation [29]
might also be important in a metastatic scenario, where a high renewal
capacity is important. In addition, E6 and E7 have been found to initiate
epithelial-mesenchymal transition (EMT) [30], an example of how the
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virus promotes dislocation of cells and metastatic spread. Viral load and
other viral markers affecting oncoproteins could theoretically affect
metastatic abilities. Integration of viral genes has been shown to in-
crease levels of E6 and E7 [29] when the regulatory E2 protein no
longer binds to conserved E2-binding sites in the long control region
(LCR) of the virus. Methylation of the same E2-binding sites provides
another mechanism whereby regulation is disturbed. This epigenetic
process likewise prohibits the regulatory E2 binding resulting in high
levels of viral oncoproteins [31], potentially influencing cancer cell
invasiveness.

The aim of this study was to evaluate HPV-markers in a set of pri-
mary tumors, metastases and vulvar recurrent lesions of vulvar SCC to

achieve knowledge of tumor biology and viral occurrence.

2. Material and method

2.1. Material

Ten HPV16-positive vulvar squamous cell carcinomas (VSCC) with
metastatic regional lymph nodes, distant lymphoid/hematogenous
metastases or local recurrent lesions were investigated for viral char-
acteristics, Table 1. Vulvar carcinomas were a subset from a consecutive
series of 133 VSCC collected between 1983 and 2008 [4] from which
there were follow-up material. Metastatic regional lymph nodes were

Table 1
Characteristics of ten VSCC with metastatic regional lymph nodes, distant metastases or recurrent lesions included in the study. LN= lymph node. Histology
classification (histopathologic type of squamous cell carcinoma: basaloid, mixed, keratinizing) performed by pathologist (MK). Stage at diagnosis. Viral load= copies
of HPV16 E6 in 20 ng of total DNA. Viral load per cell= viral copies/(HBB copies/2). E1/E6 and E2/E6= ratios of viral copy numbers of E1 and E2 compared to E6.
E2BS3 and 4=mean of methylation levels in E6 positions 37, 43, 52 and 58. Distant met.= distant metastasis.

Patients

1 2 3 4 5 6 7 8 9 10

Primary
VSCC

Stage IV Stage III Stage III Stage IV Stage II Stage II Stage IV Stage II Stage III Stage II
Mixed Basaloid Keratinizing Keratinizing Mixed Basaloid Basaloid Mixed Basaloid Basaloid

Regional LN At diagnosis At diagnosis At diagnosis After disease
free interval

At diagnosis After
disease
free
interval

At diagnosis

Distant met. Lymphoid Hematogenous
First
Recurrence

Mixed Basaloid Keratinizing Mixed Basaloid

Last
Recurrence

Basaloid

HPV type Primary
VSCC

16 16 16 16 16 16 16 16 16 16

Regional LN 16 16 16 16 16 16 16
Distant met. 16 16
Recurrence 16 16 16 16 16
Recurrence 16

HPV16 variant Primary
VSCC

E-p E-G350G E-p E-C109G AA/NA1 E-p E-G131T E-p E-G350G E-G350G

Regional LN E-p E-G350G E-p E-C109G E-G131T E-p E-G350G
Distant met. E-G350G E-G350G
Recurrence AA/NA1 E-p E-G131T E-p E-G350G
Recurrence E-p

Viral load Primary
VSCC

5396 59.3 21.1 2236 573 16.1 2637 11520 8.47 17010

Regional LN 1283 16.1 40.7 116 1318 8960 0.79
Distant met. 17 2488
Recurrence 674 23 981 28270 16550
Recurrence 16.2

Viral load per cell Primary
VSCC

105.8 1.85 5.17 62.3 32.1 0.59 320 1477 0.275 565

Regional LN 22.7 7.16 20.6 245 31.9 586 0.003
Distant met. 0.33 363
Recurrence 27.7 2.5 50 1303 470
Recurrence 1.71

E1/E6 Primary
VSCC

4.78 0.54 0.74 0.68 0.03 0.78 0.65 0.73 0.87 1.04

Regional LN 4.29 0.52 0.61 0.51 0.75 0.65 0.46
Distant met. 0.90 0.85
Recurrence 0.11 0.74 0.64 0.72 0.89
Recurrence 0.73

E2/E6 Primary
VSCC

6.34 No result 4.29 1.14 0.82 0.02 0.92 0.05 1.37 2.46

Regional LN 9.10 No result 2.22 1.08 1.09 0.05 0.98
Distant met. 1.78 1.69
Recurrence 1.13 No result 0.84 0.03 1.19
Recurrence No result

E2BS3 and 4
methylation
(%)

Primary
VSCC

4.7 3.2 3.6 2.0 1.6 3.0 10 91.6 No result 73.9

Regional LN 4.9 2.3 2.5 1.1 12 90.4 1.5
Distant met. No result 55.1
Recurrence 2.1 1.5 5.9 86.2 50.6
Recurrence 2.6
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either present at diagnosis (n=5) or after disease free intervals at a
minimum of 28 months (n=2). Distant metastases (lymphoid and
hematogenous) were detected after a minimum of disease free intervals
of 9 months. Vulvar recurrences were defined as a new vulvar lesion
after patient treatment (minimum of two months).

From the consecutive series of 133 VSCC, two HPV-16 positive LN
without histological evidence of metastases were available for analysis
of potential HPV micro metastases. Lymph nodes were handled ac-
cording to diagnostic routine and sectioned with two non-serial sections
for each node followed by eosin staining.

All samples were formalin fixed and paraffin embedded (FFPE) and
collected for diagnostic purposes. The 12 patients originated from
Örebro University Hospital, and the central hospitals in Falun and
Eskilstuna. Clinical data were gathered from patient records at the
Department of Oncology, Örebro University Hospital. Dates for diag-
nosis and follow-up were collected from the laboratory data system and
referred to date of report from the pathologist. The study was approved
by the regional ethics committee board in Uppsala (Dnr 2008/294).

2.2. DNA extraction

DNA was extracted with Qiamp DNA Minikit (Qiagen, Hilden,
Germany) according to instructions by the manufacturer, either using
1mm biopsy punches (Miltex GmbH, Germany) or sections of tissue
blocks (2–5, 10 µm cuttings). To select relevant areas for DNA extrac-
tion, stained sections were evaluated by a pathologist (MK, Örebro
cases). A histological classification of primary VSCC, vulvar recurrences
and hematogenous metastasis was performed (MK).

2.3. HPV genotyping with real time PCR

Anyplex II HPV28 (Seegene, Seoul, Korea) was used for HPV de-
tection and genotyping. This PCR assay detects 28 HPV genotypes
(HPV6, 11, 16, 18, 26, 31, 33, 35, 39, 42, 43, 44, 45, 51, 52, 53, 54, 56,
58, 59, 60, 61, 66, 68, 69, 70, 73 and 82) in 2 reactions, also including
the human control gene beta-globulin. Results are semi-quantitative,
with melting curve analysis after 30, 40 or 50 cycles of PCR. The
method has been found useful for FFPE material and is described
elsewhere [32].

2.4. HPV16 variant determination with pyrosequencing

Seven positions in the E6-gene (nt 109, 131, 132, 143, 145, 178 and
350, reference sequence NC_001526) were investigated with PCR and
pyrosequencing as previously described [4]. PCR products covering all
seven positions were sequenced using PSQ 96 MA system (Qiagen,
Hilden, Germany). Peaks were compared to a reference genome holding
the European variant E-p and variants were designated according to
Swan et al. [33]. Variant data for the primary VSCC has been published
elsewhere [4].

2.5. HPV16 viral load using droplet digital PCR (ddPCR)

HPV16 and human control gene HBB were assessed in the same
reaction. As previously described [34], absolute quantities of PCR-
amplified fragments are obtained from nano-liter sized droplets, where
molecules are encapsulated in water-in-oil partitions. Briefly, samples
(20 ng of DNA in 5 µl) were combined with ddPCR Supermix for Probes
(no dUTP, BIO-RAD Hercules, CA USA), primers and probes (Applied
biosystems, Hilden, Germany) targeting the E6 gene of HPV 16 and
HBB. Primers and probes according to Lillsunde Larsson et al. [32,34].
Droplet reader software results provide copies/µl of each target and
results are presented both as HPV16 copies in 20 ng of DNA as well as
copy number per cell (viral copies/(HBB copies/2)). Viral load data has
been presented for primary VSCC [34].

2.6. HPV16 integration using droplet digital PCR (ddPCR)

HPV16 genes E2 and E1 were combined with viral E6 in duplex
reactions (E1+E6 and E2+E6) using ddPCR. Primers and probe se-
quences for E2 region was used according to Peitsaro et al. [35] while
primers and probe for E6 region from Lillsunde Larsson et al. [34]. For
E1 region, design of ddPCR amplicon was made using Primer3Plus,
covering a 122 bp stretch of the gene (nt1259–1380, Genbank ID:
KO2718), F: GCGGGTATGGCAATACTGAA, R: ACTGTACTGACTGCAA
CCAC and probe: TCAGCAGATGTTACAGGTAGAAGGGCGCCA. For
signal detection, black hole quencher was used in combination with
reporters FAM (E6) and VIC (E1 and E2).

ddPCR mastermix included 1x ddPCR Supermix for Probes (no
dUTP, BIO-RAD), 0.9 µM primer and 0.25 µM probe (Applied
Biosystems) together with 5 µl of cleaved sample DNA (restriction en-
zyme BamH1; Sigma-Aldrich, Schnelldorf, Germany). Droplet genera-
tion was performed in QX200 Droplet Generator™ (BIO-RAD).
Transferred droplets were amplified in the Veriti 96 well thermal cycler
(Applied Biosystems) with a ramp rate at 2 °/s. Primarily, enzyme was
activated 10min at +95 °C where after 40 cycles followed of +94 °C
for 30 s and +62 °C for one minute. Deactivation of enzyme was done
at +98 °C. The QX200 Droplet reader™ (BIO-RAD) and Quantasoft
Version 1.6.6 was used to analyze ddPCR data. Negative controls
(NTC=non-template control) were included to verify the absence of
contamination between samples and to situate threshold. Ratios of E1/
E6 and E2/E6 viral load were calculated. A ratio of 1.0 indicated equal
amounts of E1, E2 and E6 and ratios below 1.0 a loss of E1 and E2
copies compared to E6 copies.

Triplicate results from five samples were used for intraassay calcu-
lation and for interassay calculations; three different runs of same
samples were compared. For E1/E6 combination, interassay CV was
3.2–11.9% for E1 and 2.0–4.9% for E6, respectively, while intraassay
CV was 0.9–8.7% (E1) and 1.0–5.3% (E6). For E2/E6 combination,
interassay CV was 0.9–6.1% for E2 and 0.6–13.1 for E6, while in-
traassay CV was 2.2–6.6% (E2) and 1.4–8.1% (E6), respectively.

2.7. Methylation of viral E2BS3 and 4 with bisulphite treatment, PCR and
pyrosequencing

DNA was treated with bisulphite according to the manufacturer
using EZ DNA Methylation-Gold (Zymo research, Irvine, USA). PCR for
bisulphite treated DNA of the region has been described elsewhere [36].
Briefly, nucleotide positions 37, 43, 52 and 58, (Genbank ID: KO2718)
were identified in one PCR reaction using duplicate reactions. Single-
strand sequencing template was sequenced on the PSQ 96 MA system
using PyroMark TM Gold Q96 Reagents (Qiagen). Peak results were
analyzed in the Pyro Q-CpG TM Software using mean of sample results
for calculation. E2BS3 and 4 methylation data for primary VSCC has
been published elsewhere [36].

2.8. Statistics

Descriptive statistics was performed using IBM SPSS Statistics ver-
sion 22 (IBM, New York, USA).

Mann–Whitney U-test was used to compare viral characteristics of
the primary tumor, 1: with or without recurrences/metastasis after
diagnosis, 2: with or without distant metastasis, and 3: with or without
vulvar recurrences.

Mann–Whitney U-test was also used to investigate differences in
viral characteristics between lesions at presentation compared to le-
sions detected after various disease-free intervals. In addition, it was
used to compare viral characteristics between primary tumor and all
other lesions in a biological approach, Fig. 1.

Fisher's exact test was used for comparison of proportions of viral
characteristics between stage and histological classification. Groups
were defined as above or below the mean value for each variable. The
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related-samples Wilcoxon signed rank test was used to compare median
of differences between primary viral data and regional lymph nodes
within cases.

3. Results

3.1. Clinical characteristics

Tumor stage distribution for this cohort was stage II in four patients,
stage III in three patients and stage IV in three patients. Histological
type of the primary tumors was basaloid squamous carcinoma (n=5),
keratinizing squamous carcinoma (n=2) and mixed squamous carci-
noma (n=3). For vulvar recurrences, the same histological subtype as
in primary tumor was found for all patients, except in one patient where
the basaloid primary type was changed to keratinizing histology in the
vulvar recurrent lesion, Table 1.

Primary surgery was performed for all 10 patients. Five women
(50%) had a partial vulvectomy, four (40%) a local excision and one
woman a radical vulvectomy (10%). All women received additional
radiotherapy. The cancer-specific 5-year survival rate was 47%.

3.2. HPV characteristics

3.2.1. HPV genotype and HPV16 variant
All analyzed primary VSCC, regional/distant metastases and local

recurrent lesions were positive for HPV16. Variant of HPV16 was also
consistent in the patient series, Table 1. For the two cases with cancer-
free inguinal lymph nodes, the primary VSCC was positive for HPV16
but lymph node was negative for HPV.

3.2.2. Viral characteristics in primary VSCC
Primary VSCC tumors were assessed for difference in viral char-

acteristics in relation to: [1] recurrences or metastases after diagnosis,
[2] distant metastases and [3] vulvar recurrences.

When comparing the viral characteristics in primary VSCC, there
was no difference in viral load, viral load per cell, E1/E6 ratio or E2BS3
and 4 methylation between primary VSCC with local recurrences and
metastases after diagnosis (n=7) compared to primary VSCC without
local recurrences and metastases after diagnosis (n=3). However, for
the E2/E6 ratio there was a borderline significant difference. Fewer
recurrences were found in patients where primary tumors showed a
high E2/E6 integration ratio (Mann–Whitney U-test; p=0.056). In 2/3
of primary VSCC without vulvar recurrences and metastases after di-
agnosis, the E2/E6 ratio was very high (4.29 and 6.34).

There was no significant difference of any of the viral characteristics
(viral load, viral load per cell, E1/E6, E2/E6 ratio or E2BS3 and 4
methylation) in primary VSCC when comparing patients that later had
distant (lymphoid/ hematogenous) metastases (n=2) compared to
those that had no distant (lymphoid/ hematogenous) metastases
(n=8) nor between primary VSCC with (n=5) or without (n=5)
local vulvar recurrences.

None of the investigated viral characteristics in primary VSCC were
related to stage or histological classification.

3.2.3. Viral characteristics in relation to time or to biology
There was no difference in viral load, viral load per cell, E1/E6

ratio, E2/E6 ratio or E2BS3 and 4 methylation between lesions at
presentation (primary VSCC and lymph node metastasis at presentation,
n=15) compared to lesions detected after disease-free intervals (local
recurrences, regional and distant metastases, n=10) nor between
primary VSCC (n=10) and all other lesions (biological approach,
n=15), Table 2.

3.2.4. Patient specific results
3.2.4.1. Viral load. The level of viral load and viral load per cell varied
between patients and the range of viral load was between 0.79 and
28,270 copies of HPV16 E6 in 20 ng of total DNA. The range of viral
load per cell was between 0.003 and 1477 (Table 1). The viral load was

PRIMARY VSCC HPV16+ (n=10) 

LESIONS SEPARATE IN TIME FROM PRIMARY VSCC 

WITH LN METASTASIS AT PRESENTATION

Vulvar recurrences (n= 6)

Inguinal LN metastasis (n=2) 

Distant LN metastasis (n=1)

Distant other metastasis (n=1)

PRIMARY VSCC HPV16+ (n=10)

LN metastasis at presentation (n=5)

PRIMARY VSCC HPV16+ (n=10)

LESIONS SEPARATE FROM PRIMARY VSCC

Vulvar recurrences (n=6)

Inguinal LN metastases (n=7)

Distant LN metastasis (n=1)

Lung metastasis (n=1)

Biology perspectiveTime aspect

Fig. 1. Groups for evaluation of viral characteristics in
relation to time or biology. Two different approaches
were used to investigate differences in viral char-
acteristics between lesions at presentation compared
to lesions detected after disease-free intervals (left) as
well as to compare viral characteristics between pri-
mary VSCC and all other lesions (right) in a biological
approach.

Table 2
Viral characteristics in relation to time or to biology. In the time approach, comparison is made between primary diagnosis samples (primary tumors and regional
lymph node at diagnosis, n=15) and lesions after disease-free intervals (n=10). In the biology approach, primary tumors (n=10) are compared to all other lesions
(n=15).

Primary VSCC and LN metastasis at diagnosis Lesions after disease-free intervals Mann–Whitney U-test
Time approach Range Mean Median SD Range Mean Median SD
Viral load 0.79–17,010 2809 573 4989 16.2–28,270 5810 828 9566 p= 0.461
Viral load/cell 0–1477 177 22.7 392 0.33–1303 283 38.9 421 p= 0.461
E1/E6 0.03–4.78 1.16 0.73 1.39 0.11–0.19 0.67 0.73 0.23 p= 0.849
E2/E6 0–9.10 2.05 1.09 2.62 0–1.78 0.78 0.96 0.71 p= 0.374
E2BS3 and 4 methylation 1.6–91.6 19.3 4.15 30.4 1.10–90.4 29.7 4.25 37.2 p= 0.709

Primary VSCC at diagnosis Lesions other than primary VSCC Mann–Whitney U-test
Biology approach Range Mean Median SD Range Mean Median SD
Viral load 8.47–17,010 3948 1404 5846 0.79–28,270 4050 674 8099 p= 0.723
Viral load/cell 0.27–1477 257 47.2 467 0–1303 194 24.5 362 p= 0.765
E1/E6 0.03–4.78 1.08 0.73 1.33 0.11–4.29 0.89 0.72 0.96 p= 0.495
E2/E6 0–6.34 1.74 1.03 2.08 0–9.10 1.41 1.08 2.24 p= 0.683
E2BS3 and 4 methylation 1.6–91.6 21.5 3.60 35.1 1.10–90.4 24.9 4.90 32.9 p= 0.861
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found to be relatively consistent among lesions from the same patient
(Fig. 2).

6/7 patients had a lower viral load in the regional LN metastases
compared to the primary vulvar SCC and this difference was statisti-
cally significant (Related-samples Wilcoxon signed rank test;
p=0.043). For viral load per cell, 4/7 patients had lower viral load per
cell in the regional LN metastases than in the primary vulvar SCC while
3/7 patients had more viral load per cell in the regional LN metastases
than in the primary vulvar SCC (p=0.499), Table 1.

3.2.4.2. E1/E6 and E2/E6. The range for the ratio of E1/E6 was
between 0.03 and 4.78. All primary vulvar SCC, regional and distant
metastases and recurrent lesions had some component of E1 present.
E1/E6 ratios were generally equivalent through each patient series. 1/
10 patient presented with abundant amount of E1 copies compared to
E6 copies resulting in a high E1/E6 ratio.

The range for the ratio of E2/E6 was between 0.02 and 9.10. 1/10
patients had no PCR E2 result for either primary vulvar SCC or regional
lymph node. 1/10 patients had low viral load for E2 compared to E6 in
the primary VSCC which resulted a ratio of 0.02. For the same patient,
there was no PCR E2 result in both recurrent vulvar samples.

1/10 patients had ratios above 1.1 for both E1/E6 and E2/E6. 5/10
patients had E2/E6 ratios above 1.1 but E1/E6 ratios below 1.1,
Table 1.

3.2.4.3. Methylation of E2BS3 and 4. The range for E2BS3 and 4
methylation was between 1.1% and 91.6%. 6/10 patients had a lower
E2BS3 and 4 methylation in the regional LN metastases, distal
metastases or recurrent lesions compared to in the primary vulvar
SCC. A 10% or lower E2BS3 and 4 methylation was found in 8/10
patients (in all lesions) and 2/10 patients had a 50% or higher E2BS3
and 4 methylation (in all lesions). 1/10 patients had no PCR result for
E2BS3 and 4 in the primary VSCC or in the distant metastases.
However, for the same patient, PCR was successful in the patient's
regional lymph node, Table 1.

3.2.4.4. Histology. Vulvar recurrent lesions were also evaluated for
histopathological type. 4/5 patients had same histological type in
vulvar SCC and vulvar recurrent lesion. In 1/10 patients, a change
was seen from the primary tumor to the recurrent lesion (basaloid to
keratinizing histology), Table 1.

4. Discussion

The aim of this study was to evaluate HPV markers in a set of pri-
mary tumors, regional and distant metastases and vulvar recurrent

lesions of vulvar SCC. The major findings in this study were: [1] The
concordance of HPV positivity and HPV16 variants in all lesions from
each patient, [2] A high E2/E6 ratio observed in the primary vulvar
SCC of patients that did not have any vulvar recurrences or metastases
after diagnosis, [3] A significantly lower viral load in regional lymph
nodes compared to primary tumors. Thus, the data presented here
strengthens the evidence for a clonal HPV-induced pathway for vulvar
carcinoma.

There was a complete concordance of HPV within the 10 HPV16-
positive VSCC with regional or distant metastases or vulvar recurrent
lesions. Others have also shown high concordance of HPV in metastatic
lymph nodes from HPV-positive vulvar carcinomas [14,17,28], but the
presence of HPV-positive micro metastatic disease is more uncommon
[14] and sparsely investigated. In this study, HPV could not be detected
in the two HPV16-positive VSCC with cancer-free lymph nodes. Lymph
nodes were worked-up according to clinical diagnostic procedures
using only two sections for staining and not the entire lymph node. A
thorough serial section might have revealed other findings and is ad-
visable when planning for prospective studies.

Previous studies have also reported findings of the same HPV gen-
otype in primary lesion and in lymph node and this study support these
findings. The current study is, as far as we know, the first one in-
vestigating both recurrent vulvar lesions as well as regional and distant
metastatic lesions for different HPV16 viral characteristics. We have
shown that for HPV16-positive VSCC, the virus was included in cell
spread from the original tumor site and was even detected in lesions far
away from primary site. Distant spread in vulvar carcinoma is unusual
[37] but in a few published case reports cardiac [38], kidney [39], liver
and lung metastasis [40] are reported.

A substantial variation in all investigated viral characteristics (viral
load, E1/E6, E2/E6 and viral methylation) was noted between patients.
When evaluating viral characteristics in primary VSCC in relation to
recurrences or metastases, only the ratio of E2/E6 showed borderline
significance. Fewer recurrences were found in patients where primary
tumors showed a high E2/E6 integration ratio. E1 and E2 are both early
viral proteins involved in the initiation of viral transcription. E2 is also
involved in regulation of viral transcription [41,42]. A high ratio (E1/
E6 or E2/E6) reflects an excess of E1 or E2 copies compared to E6
copies and argues for a viral genome in episomal state. In episomal cells
the E1 and E2 genes are intact and without the disruption that is often
seen upon integration in the human genome. Viral integration is often a
rationale for dysregulation of the viral oncoproteins E6 and E7. There
are however studies on HPV-positive cervical- and vulvar cancers that
have shown tumors without viral integration. In that case, other me-
chanisms favor a malignant transformation [36,43]. An amplification of
viral E1 and E2 has been shown to enhance viral replication time in
cells with stable episomes in productive infections [44], but viral am-
plification is uncommon in cancerous lesions [45]. In the patient series
where ratios of both E1/E6 and E2/E6 where high, one explanation
could be a continued viral amplification. Five patients had high ratios
of E2/E6 but not of E1/E6. An excessive E2 protein can affect regulation
of the E6 and E7 proteins because of its repressive function. This sup-
ports the result of a high E2/E6 ratio associated with patients not de-
veloping recurrences or metastases after diagnosis. High ratios may
provide functional E2 protein regulating oncoproteins expression.

A complete loss of E2 (no PCR result) was present in two cases,
while for E1, some proportion of the gene was consistent in all patient
samples. The assays for integration (ddPCR) were used to achieve exact
quantitation. Normally, standard curves are used to quantify samples
when using real time PCR. With ddPCR this is no longer needed since
the method itself provides exact quantities of the examined amplicon.
The E2 assay was developed with primers from Peitsaro et al. [35] and
the E1 amplicon in an area known as being a site of disruption if the
virus becomes integrated [46,47]. Besides the E2/E6 ratio, no other
viral marker was associated with recurrences or metastasis after diag-
nosis. Other potential viral influencers could probably not be identified
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Fig. 2. Distribution of viral load among lesions in patients 1–10. Logarithmic
scale. Viral load presented as HPV16 E6 copies in 20 ng of total DNA. Time
points refer to the lesions in the order they were diagnosed.
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in a sparse material like this and this argues for larger studies in order
to provide solid data for the clinical management of the disease.

No significant differences in any of the HPV16 viral characteristics
were shown between lesions at presentation compared to lesions de-
tected after disease-free intervals nor between primary VSCC and all
other lesions. Hence, time elapsed and new milieu seem not to have
affected viral load, integration or methylation in a specific direction
when including all type of lesions. Despite these findings above, viral
load in regional lymph nodes were significantly lower compared with
viral load in the primary vulvar samples. In other studies, the HPV viral
load in lymph node metastases were found to be equal to [48] or lower
[49] than in the primary tumor. An association was not found for viral
load per cell and may be caused by the different cell compositions. The
excessive lymphoid cells in the lymph node can cause a dilution effect
that is not as evident in a potentially intact tumor area.

Although viral load and viral load per cell varied somewhat between
time points, the log viral load chart shows that patient results are re-
latively constant as either high or low. There is clearly variation be-
tween patients on how much virus is presented in their respective tu-
mors, metastases and vulvar recurrences. For tumors with a lower viral
load, other mutational pressure might be present instead.

There were differences in terms of ratios (integration) of E1/E6 and
E2/E6 between the sample series. Six of seven regional lymph nodes
had lower E1/E6 ratio compared with the primary tumor. Both higher
and lower ratios were found for E2/E6. In four of the five cases with
vulvar recurrences, E1/E6 and E2/E6 ratios were lower in the recurrent
lesions compared with the primary VSCC. One tumor harbored fully
integrated virus (loss of E2) and partially integration of E1 and this
finding was consistent in both regional lymph node and in the primary
tumor. In another patient, very few copies of E2 were found in the
primary VSCC, and they were later lost altogether in both investigated
vulvar recurrences. A decrease in integration ratio indicates a higher
proportion of integrated cells compared with episomal cells and this is
an example of how new HPV-related conditions may interact with
tumor cells.

Eight of the ten patients had a high E2BS3 and 4 methylation while
eight were more modestly methylated. A somewhat higher level of
E2BS3 and 4 methylation was generally found in primary VSCC com-
pared to lesions at other sites. Methylation has been suggested to be an
alternate mechanism (besides integration) for dysregulation of onco-
proteins E6 and E7 [31] and has been shown to alter during the neo-
plastic process. High levels of promotor methylation are described in
cancer samples [50,51] especially in cells with episomal viral genome
[36,43]. Viral methylation is carried out by human methyltransferases
[52] and could therefore be subject of change in new settings.

Histological classification was reevaluated in this series of primary
VSCC and the vulvar recurrences and the histological type was changed
in one patient (patient 3). The basaloid primary type was changed to
keratinizing histology in the recurrent lesion. Molecular factors in-
volved in EMT transition and spread of vulvar cancer has been in-
vestigated. This includes transcription regulators Snail and Slug [53] in
relation to expression of E-cadherin and β-catenin [54]. HPV onco-
proteins have themselves also been found to be a trigger of transition
[30], and further studies on cell adhesion protein expression may shed
more light upon specific markers for spread in relation to HPV-posi-
tivity.
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