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Chapter 7

Targeted sequencing of primary, 
metastatic and recurrent spindle cell 
variant vulvar cancer reveals a highly 
heterogeneous genetic disease
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Abstract
Vulvar squamous cell carcinoma (VSCC) patients can suffer from rapid progres-
sion and recurrence. A higher risk of lymph node metastases and worse survival 
has been attributed to VSCCs with spindle cell morphology. To determine whether 
the spindle cell component is the origin of metastasis, we analyzed the mutational 
status of 66 primary VSCCs and their spindle cell components, lymph node meta-
stases, and recurrences. 

Mass spectrometry screening was performed for 13 relevant genes (BRAF, 
CDKN2A(p16), CTNNB1, FBXW7, FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA, 
PPP2R1A and PTEN). Solid components of VSCCs with and without spindle cell mor-
phology were also screened for mutations in TP53.

TP53, CDKN2A and HRAS were most frequently mutated. Mutational profiles 
differed from the primary tumor in 64% of lymph node metastases and 81% of re-
currences. There was no difference in mutation frequency between VSCCs with 
and without spindle cell morphology (77 vs 58%, NS). Spindle cell components were 
more likely to have the same profile as adjacent solid components (86% of cases).

Our study reveals that VSCCs likely consist of multiple, genetically different, 
clones. There is no proof of a selective role for somatic mutation(s) in the onset 
of spindle cell morphology. VSCCs with spindle cell morphology  have a higher 
risk of lymph node metastasis and a worse 5-year survival. However, based on the 
mutational spectra, we have not been able to identify spindle cell components as 
the origin of metastasis or recurrence. Our findings could be of importance when 
developing targeted therapy.
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Introduction
Vulvar cancer is a relatively rare gynecological malignancy, with approximately 
2 new cases per 100,000 women each year (9;15;18;22). It is mostly seen in post-
menopausal women, with an average age at diagnosis of 70 years. The most pre-
valent subtype of vulvar cancer is squamous cell carcinoma (VSCC), but other 
types such as basal cell carcinoma and melanoma also occur. VSCC is known to 
develop through two different etiologic pathways (8;34). The first pathway is clearly 
associated with infection by oncogenic high risk human papilloma viruses (HPV) 
and is mainly seen in younger patients. HPV produces proteins E6 and E7 that in-
teract with the tumor suppressor proteins p53 and pRB (37), resulting in loss of wild-
type function. The second pathway, which usually affects older patients, develops 
independent from HPV infection, and is associated with the chronic skin condition 
lichen sclerosus (3;33;34). HPV-negative VSCCs often carry somatic mutations in, 
amongst others, the TP53 gene (30). The HPV dependent and the HPV independent 
pathway differ greatly in onset, but they do share a key role of p53. 

Although surgical treatment is curative in most early stage cases, some pa-
tients suffer from rapid progression and recurrence (2;6;11) due to yet unknown 
reasons. In higher staged VSCC, radiotherapy and chemotherapy can be applied, 
but these treatment modalities have high morbidity rates (11). It is important to find 
risk factors that can help clinicians to identify those patients that are most at risk of 
progressive or recurrent disease, but to date the presence of lymph node metasta-
ses is the only accurate prognostic factor for survival and recurrence (12;20).

Approximately 20% of VSCCs have a subpopulation of cells with a distinct type 
of morphology called ‘spindle cell morphology’. This subgroup of, almost exclusive-
ly HPV negative, VSCCs has a tumor component with loose, elongated tumor cells 
budding from the invasive front of the tumor. VSCCs with spindle cell morphology 
(VSCC-S) have a higher risk of lymph node metastasis and a worse 5-year survival 
when compared to VSCC that consist of a ‘solid’ component alone (31). (Figure 1)

The etiology of vulvar spindle cell morphology is not yet fully understood. Spin-
dle shaped epithelial tumor cells seem to have lost part of their epithelial char-
acteristics, and gain mesenchymal traits and metastatic capacities, known as 
epithelial-to-mesenchymal transition (EMT) (1;16). These metastatic capacities are 
reflected by the fact that VSCC-S have a higher risk of lymph node metastases (31). 
It is thought that changes in the TGFβ pathway might play a role in the onset of EMT 
and spindle cell morphology (26), but other molecular or genetic processes such as 
somatic mutations may also be of importance. Although it is a plausible hypothesis, 
it has not been proven that the spindle shaped cells are the origin of metastasis and 
recurrences, or that the tumor as a whole has gained aggressive traits.
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In this study, we have compared the mutational profile of VSCCs with and 
without spindle cell morphology to gain insight in the recurrence and metastatic 
process of VSCC-S. We used the genetic alterations as identifiers to recognize a 
progressive pathway from solid primary tumor to spindle cells, which in term might 
be the origin of lymph node metastases and recurrences. 

Methods

Patients
All patients that were surgically treated for primary VSCC in the Leiden University 
Medical Center between 2000 and 2010 were selected. All tissue samples were 
screened for mutations and spindle cell morphology before (31;32). Clinical fol-
low up data were examined up to December 2012. Patients who were surgically 
treated for recurrence or lymph node metastasis within this follow up period were 
included in this study. Patient samples were handled according to the Code of 
Conduct for Proper Secondary Use of Human Tissue of the Dutch Federation of 
Biomedical Scientific Societies.

Identification of spindle cell morphology
All surgically removed recurrences and lymph nodes from the patients that were 
selected as described above, were screened for spindle cell morphology on all 
available tissue blocks. In short, 4 µm sections were cut from paraffin embedded, 
formalin fixed tumor tissue blocks, and stained for pankeratin, keratin 10 and keratin 
14, respectively (27) clones AE1/AE3, MAB3412, 1:2000, Millipore, Billerica, Massa-

Figure 1 Vulvar squamous cell carcinoma with spindle cell morphology

Representative images of vulvar squamous cell carcinoma (A) and vulvar squamous cell carci-
noma with spindle cell morphology (20x magnification) (B).
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chusetts, USA; DE-K10, 1:50, DAKO Glostrup, Denmark; and LL002, 1:2000, Abcam, 
Cambridge, UK). Spindle cell morphology was determined as described before 
(31). In short: loose, elongated cells with a minimum distance of 0.5 mm to the solid 
component of the tumor and with a positive staining for pankeratin and keratin 14, 
but negative for keratin 10 were marked as spindle cells. Figure 2 shows an example 
of the expression of these proteins in a VSCC with spindle cell morphology. 

Figure 2 Figure showing immunohistochemical staining of primary, lymph node and recur-
rence with spindle cell morphology

Tissue taken from the primary tumor (A), the lymph node metastasis (B) and the recurrence (C) of 
the same vulvar squamous cell carcinoma patient, stained for pancytokeratin (1), cytokeratin 10 
(2) and p53 (3). Note the presence of both spindle cell morphology and solid tumor in the lymph 
node metastasis. Spindle cells can be distinguished from ‘normal’ VSCC cells by the presence of 
pancytokeratin staining (1), and the absence of cytokeratin 10 staining (2). Slides 3 are stained for 
tp53 and show a mutational staining pattern in all three tissue specimens.

Targeted sequencing of primary, metastatic and recurrent spindle cell variant vulvar cancer
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DNA Isolation and FACS
The stained tissue slides were used to select and mark solid and spindle  cell regions. 
The marked areas were transferred to the corresponding FFPE tissue blocks. Next, 
4 - 5 0.6 mm diameter tissue cores were taken from the selected areas and transfer-
red into a micro vessel.

DNA from solid tumor component tissue cores was isolated using a Tissue Pre-
paration System (Siemens Healthcare Diagnostics, Malvern, Pennsylvania, USA) as 
described previously (14). The tissue cores where carefully punched from solid tu-
mor tissue to prevent high amount of ‘contamination’ with stromal tissue.

Spindle cell morphology has a diffuse growth pattern in which spindle shaped 
cells are frequently intermingled with other types of tumor and normal infiltrating 
cells. This has consequences for further downstream genetic analysis using total 
DNA extracts. To circumvent this problem we used multiparameter fluorescence-
activated cell sorting (FACS) to obtain pure tumor subpopulations using a disso-
ciation protocol (4) with modifications that allowed the simultaneous analysis of 
pan-keratin, keratin 10, keratin 14, vimentin and DNA content.

Tissue cores from spindle cell morphology areas were cut into small pieces and 
were dewaxed using xylene, and were rehydrated. Next, tissues were subjected to 
heat-induced, antigen retrieval (HIAR) by heating the samples to 80°C in 10 mM so-
dium citrate buffer for 60 minutes. Samples were digested for 60-90 minutes at 37°C in 
a 0.1% mixture of collagenase and dispase in Rosswell Park Memorial medium (RPMI), 
with intermitted grinding at 15 minute intervals using the GentleMACS tissue grinder 
(protocol spleen 03_02)(Miltenyi Biotec, Bergisch Gladbach, Germany). When sam-
ples were sufficiently digested and the solution gained a cloudy appearance, sam-
ples were washed in PBA-Tween and filtered through an 80 µm mesh filter. Cell con-
centration was determined using the Muse Cell Analyzer (Merck Millipore, Darmstadt, 
Germany). 10^6 cells were incubated overnight at 4°C with 50 µL of primary antibody. 
Next day, samples were washed in PBA-Tween and incubated with a mixture of se-
condary goat anti-mouse subclass specific fluorescently labelled antibodies on ice for 
60 minutes. Labelling concentrations and manufacturers are stated in Table 1. Cells 
were washed with NST buffer. (146 mM NaCl, 10 mM Tris-HCl, pH 7.5, 1 mM CaCl2, 0.5 
mM MgSO4, 21 mM MgCl2, 0.05% bovine serum albumin, 0.2% Nonidet P40 (Sigma)) 
with 4,6-diamindino-2-phenylindole (DAPI; 10 µM (Sigma))For every 10^6 cells, 0.5mL 
(10 µM) of DAPI in NST buffer was incubated in the dark at 4°C for at least 2 hours.

Flow cytometric analysis was performed using an LSRII flow cytometer (BD Bio-
sciences, San Jose, CA). A UV 355 nm, blue 488 nm and the red 635 nm laser were 
used for excitation. DAPI, FITC, R-PE, APC and APC-Cy7 fluorescence were collect-
ed using the following band pass filters, respectively: 450/50 nm, 530/30 nm, 572/25 
nm, 670/14 nm and 780/60 nm. Diva 6.3.1 software was used for acquisition. Data 
files containing information from at least 50,000 single cell events were analyzed us-
ing ModFit 4.0, remotely linked to WinList 8.0 (Verity software House, Topsham, ME).
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For sorting, a FACSAria III was used equipped with a 50 mW 407 nm violet laser, 
a 20mW 488nm blue laser, a 50 mW 561 green laser and an 18 mW 635 red laser. For 
fluorescence collection the same filter settings were used as in the LSRII. Tumor cells 
were sorted using a 100 µm nozzle at 20 psi and a drop frequency of 31.2 kHz and a 
purity precision sorting mode (purity mask: 16, yield mask: 16). Three types of tumor 
subpopulations were isolated: spindle cells, tumor cells from the solid component 
and stromal cells, each having their own characteristic staining pattern (table 2). 
DNA isolation of the sorted cells was performed as described before (7) followed by 
DNA purification (NucleoSpin Tissue kit, Machery-Nagel, Germany).

Mutation analysis
MALDI-TOF
All samples were screened for hotspot mutations using the GynCarta 2.0 MALDI-TOF 
Mass Spectrometry panel (28). This panel contains the most relevant loci for gyneco-
logical malignancies on 13 different genes (BRAF, CDKN2A(p16), CTNNB1, FBXW7, 
FGFR2, FGFR3, FOXL2, HRAS, KRAS, NRAS, PIK3CA, PPP2R1A and PTEN, see Supple-
mental table 3 for specific mutations). Data was analyzed by two investigators sepa-
rately with MassARRAY Typer Analyser software (TYPER 4.0.22, Sequenom, Hamburg, 

Table 1 Antibody concentrations 

primary 
antibody

clone isotype concen-
tration

company secondary 
antibody

concen-
tration

company

panke-
ratin

Ks pan 1-8 IgG2A 1:5 Acris Antibodies, 
Herford, Germany

APC 1:200 SBA, Birmingham, 
AL, USA

keratin 10 DE-K10 IgG1 1:5 DAKO, Glostrup, 
Denmark

FITC 1:100 SBA, Birmingham, 
AL, USA

keratin 14 LL002 IgG3 1:100 Abcam, Cam-
bridge, UK

APC-Cy7 1:100 SBA, Birmingham, 
AL, USA

vimentin V92b IgG2B 1:50 ARA, Alphen a/d 
Rijn, the Netherlands

RPE 1:200 SBA, Birmingham, 
AL, USA

DNA     DAPI   
APC allophycocyanin
FITC  fluorescein isothiocyanate
RPE  R-phycoerythrin
DAPI 4’,6-diamidino-2-fenylindool

Table 2 Staining patterns

solid spindle cells stromal tissue
pankeratin + + -
keratin10 + - -
keratin14 + + -
vimentin - +/- +
DNA + + +

Targeted sequencing of primary, metastatic and recurrent spindle cell variant vulvar cancer
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Table 3 Somatic mutations in solid components of VSCC

Patient primary lymph node recurrence

1 TP53 + CDKN2A + PTEN TP53 + CDKN2A  TP53 + CDKN2A  
2 CDKN2A WT na
3 TP53 + KRAS na WT  
4 TP53 na TP53
5 TP53 na TP53
6 TP53 WT  na
7 HRAS na CDKN2A 
8 TP53 na na
9 WT TP53  na
10 WT WT WT
11 TP53 + PIK3CA + HRAS HRAS na
12 TP53o + CDKN2A TP53o + CDKN2A na
13 TP53 na na
14 WT na TP53  
15 WT na WT
16 WT na WT
17 TP53 na WT  
18 TP53 + HRAS WT na
19 WT WT * TP53 + CDKN2A  
20 WT TP53  na
21 CDKN2A + HRAS na na
22 TP53 WT  na
23 TP53 + CDKN2A na na
24 TP53 na na
25 TP53 TP53 na
26 WT na na
27 CDKN2A WT  WT  
28 TP53 na failed*
29 WT na failed*
30 TP53 + PIK3CA + HRAS WT *  na
31 TP53 na WT  
32 TP53 WT  na
33 PIK3CA + PPP2R1A na PIK3CA  
34 TP53 + HRAS TP53 + HRAS na
35 TP53o na TP53o

36 WT WT na
37 TP53 na WT  
38 TP53o na TP53o + PPP2R1A  
39 TP53 WT  na
40 WT na na
41 TP53 + HRAS WT  na
42 TP53 na CDKN2A 
43 CDKN2A +PTEN na CDKN2A  
44 TP53 na TP53 + CDKN2A  
45 TP53 WT  na
46 WT WT na
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Patient primary lymph node recurrence
47 TP53 + CDKN2A + HRAS na na
48 TP53 WT  na
49 TP53 na na
50 TP53o + CDKN2A TP53o + CDKN2A na
51 HRAS HRAS na
52 TP53 + CDKN2A TP53 + CDKN2A CDKN2A  
53 WT WT na
54 TP53 na WT  
55 WT na WT
56 WT na na
57 TP53o TP53o na
58 WT WT HRAS  
59 WT na na
60 WT WT na
61 WT na WT
62 WT TP53  WT
63 TP53o + CDKN2A TP53o + CDKN2A na
64 WT WT na
65 TP53 + CDKN2A na na
66 TP53 WT  na
*: part of the assay failed, WT is therefore not 100% sure.
O: a different mutation is detected on the same gene 

Table 3 Continued

Germany). Less than 5% of samples where scored differently by the two investiga-
ters. These samples were analyzed by a third person working for the software provi-
der company. This way, a consensus mutational typing was reached for all samples.  

Sanger sequencing
All solid tumor components were also screened for TP53 using Sanger sequencing 
for exon 5-9 as described before (32). The adjecent spindle cell components did 
not contain enough cells to perform Sanger sequencing, so for these components 
only MALDI-TOF mass spectrometry was performed.

Results

Patients
Of the original cohort of 108 primary VSCCs, 22 were of the VSCC-S subtype of 
which one was too small for analysis and was excluded. All VSCC-S tumors were 
HPV negative. Of these primary VSCC-S tumors, 15 (68.2%) patients had lymph 
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node metastasis at time of diagnosis, whereas 26 (30.2%) of the VSCC patients had 
lymph node metastasis. Thirty-two patients developed recurrent disease (27.3% of 
VSCC-S vs 30.2% VSCC patients). Eight of the lymph nodes metastases and 4 of 
the recurrences contained insufficient numbers of tumor cells for our analysis and 
were excluded from further analysis. Six patients had spindle cell morphology in 
their lymph node metastasis (5 of which the primary tumor was also of spindle cell 
morphology), and 8 had a component of spindle cell morphology in their recurren-
ces. In total, 66 patients were included in this study. (Figure 3)

Figure 3 Flowchart on the included primary tumors, lymph node metastases and their adja-
cent spindle cell components. 

Of the original cohort of 108 patients, 22 were of the VSSC-S subtype, of which 1 was excluded for 
low quantity. Eleven of the VSSC-S and 22 patients of the VSSC subgroup suffered from primary 
lymph node metastases. 5/11 and 1/22 primary lymph node metastases contained a spindle cell 
component, respectively.
 Five of the VSSC-S and 23 patients of the VSSC subgroup suffered from recurrent disease. 4/5 and 
3/20 recurrences contained a spindle cell component, respectively.
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Mutations
TP53 and CDKN2A were most frequently mutated in this cohort of primary tumors. 
The mutations detected in spindle cell morphology components, and in lymph no-
des and recurrences are listed in supplemental Table 1. In lymph node metastases 
and recurrences TP53 mutations occurred most frequently (10/33 lymph nodes and 
8/26 recurrences), followed by CDKN2A (5/33 lymph nodes and 7/26 recurrences) 
and HRAS mutations(2/33 lymph nodes and 1/26 recurrences). These mutation fre-
quencies are comparable to those in primary tumors, as described before (32). 
There was no difference in mutation frequency between VSCCs with and without 
spindle cell morphology (77 vs 58%, NS).

Recurrences
In two samples of recurrent tumour, the mutation analysis had failed. Thirty-one 
percent (8/26) of the recurrences showed a similar mutational profile as the primary 
tumor. (Figure 4 and Table 3) Another 4 (15%) recurrent tumors showed additional 
mutations compared to the primary tumors, while 10 (38%) recurrent tumors sho-
wed to be wild-type for a gene that was found to be mutated in the primary tumor. 
Four recurrent samples (15%) had simultaneously acquired a new mutation, but at 
the same time were wild type for a previously mutated gene, when comparing the 
primary and recurrent tumor. 

Lymph node metastases
Lymph node metastases more often had the same mutational pattern as the pri-
mary tumor, but still 21 out of 33 (64%) of the lymph node metastases had differen-
ces in mutations. In fourteen of these (42%) a mutation in the primary tumor was not 
detected in the lymph node, which most often was TP53 mutation. Four patients 
(12%) carried a different TP53 mutation in their primary tumor than was detected in 
their lymph node metastases. In lymph nodes metastases from 3 cases (9%) a TP53 
mutation was detected, which was not present in the primary tumor. 

Spindle cell components
Sufficient quantities of DNA suitable for somatic mutation analysis could be extrac-
ted from 83% (29/35) adjacent spindle cell components and were analyzed for so-
matic mutations by mass spectrometry. Spindle cell components showed an iden-
tical mutational profile as the solid component of the tumor in most cases (86%). In 
4 out of 29 cases (14%) the profile differed. In 3 of these, additional mutations were 
detected in the spindle cell component of the tumor. In one case, the spindle cell 
component did not show any mutations, whereas the solid component of the tu-
mor did harbor a TP53 mutation and an HRAS mutation. There was no clear correla-
tion between the mutational pattern of the spindle cells and that of the metastases 
and recurrences.
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Figure 4 shows a schematic illustration of the differences in mutational pat-
terns between primary tumors and spindle cell components, lymph node metasta-
ses, and recurrences. Supplemental table 3 shows the full list of detected mutations 
and supplemental Table 4 shows the DNA content of all FACS-sorted samples.

Discussion
We studied primary, metastatic and recurrent VSCC with spindle variants by tar-
geted sequencing of 14 genes that are most relevant to gynaecological cancers. 
The results from this study show that VSCC is a disease that can harbour a large 
variety of mutations, with TP53, CDKN2A and HRAS being most frequently mutated. 
The spindle cell components appeared to have mutational profiles that are com-
parable to those of the solid component of primary tumors, so a driver mutation for 
spindle cell morphology could not be specified. In contrast, lymph node metasta-
ses and recurrences showed different mutational profiles compared to their solid 
primary tumor and spindle cell components. This might reflect the clonal selection 

Figure 4 Schematic representation of comparative mutational profiles

Blue: wildtype, red and green: mutation
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and / or progressive disease that acquires new mutations. Thus, somatic mutation 
analysis did not identify the spindle cell component as the origin of lymph node 
metastasis and recurrences. However, the results of this study high light that VSCCs 
often consist of multiple tumor clones that have different mutational spectra.

 A previously published review of the literature on somatic mutations in VSCC 
has shown that several mutations from different pathways might be affected in 
VSCC (30). The mutations detected in these cohorts can be attributed to three 
different pathways: CDKN2A is an upstream regulator in the p53 pathway, PIK3CA, 
PTEN and PPP2R1A are factors in the PI3K/AKT/mTOR pathway tumor, while HRAS 
and KRAS are both part of the MAPK/ERK pathway. Each of these pathways is be-
ing studied as a possible target for tailored therapy, with differences in success rate 
(10;19;23-25;29). 

In order to study molecular changes in VSCC-S subpopulations, it was first cru-
cial to discriminate invasive tumor cells from the surrounding stromal tissue. Flow 
cytometry has proven to be a powerful tool in selecting different subtypes of cells 
(4), but its application in formalin fixed, paraffin embedded (FFPE) tissue has been 
limited. In a majority of studies the Hedley method was used which is based on the 
isolation of single nuclei from FFPE tissue blocks for DNA content analysis. Howev-
er, in 2005 we published a protocol that enables the simultaneous measurement 
of keratin-positive carcinoma cells, vimentin-positive stromal cells as well as DNA 
content (5). Now we extended our protocol with two additional markers allowing a 
further immunophenotipically dissection of, in this case, FFPE vulvar squamous cell 
carcinomas into its subpopulations. (Figure 5)

A paradigm in carcinoma metastasis is that epithelial cells undergoing EMT 
decrease the expression of epithelial proteins such as cadherins, and gain mesen-
chymal traits such as vimentin expression. Spindle cells have characteristics of EMT, 
such as loss of cuboid shape and cell-cell junction and frequently express vimentin. 
Other studies have shown a relationship between upregulated vimentin expression 
in tumor cells and a worse prognosis (26). In VSCC too, spindle shaped tumor cells 
are associated with a worse prognosis (31). Here, we have successfully used these 
phenotypic characteristics to separate spindle cells from the solid tumor compo-
nent and stromal tissue.

The low cell yield of FACS-sorted spindle cell components impaired the de-
ployment of Sanger sequencing for TP53 analysis on these samples. Thus, TP53 mu-
tation analysis was limited to the solid tumor components only. In this proces of solid 
tumor Sanger sequencing an estimated 20% of TP53 mutations will be undetected 
since not all, but only the most frequently mutated exones were sequenced.  An-
other shortcoming of this study might be the fact that targeted sequencing, as we 
did using mass spectometry, will always leave untargeted genes and mutations 
undetected. Future developments in mutation analysis techniques will hopefully 
overcome this problem in investigating low quality and low quantity tumor samples.

Targeted sequencing of primary, metastatic and recurrent spindle cell variant vulvar cancer
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7 Several studies have shown that primary tumors often consist of multiple clones 
of tumor cells that, through consecutive alterations in their genome, gain distinctive 
variations in mutational pattern and metastatic capacity (13;21). Because we col-
lected several tissue biopsies from different locations of the tumors, we have shown 
that there are many different clones of cancer cells in VSCC. The multiple mutations 
found in the same tumor do not necessarily reside side-by-side in one cell, but could 
very well originate from different clones within one tumor. As an example, case nr 53 
has both a KRAS and an NRAS mutation that are typically mutually exclusive in tumors.  
Given the fact that metastases and recurrences often carry less mutations than the 
primary tumor, these results do imply that recurrences and metastases might arise 
from a clonal selection from the primary tumor (17). Another hypothesis could be 
that some of these recurrences are actually new primary tumors. The fact that we 
have found that nearly 30% of recurrences and nearly 10% of lymph node metas-

Figure 5 Flow cytometry 

Flow cytometry of a lymph node metastasis containing spindle cell morphology showing separate 
cell populations. 4A: negative control. 4B: Cells stained for pancytokeratin and vimentin, with 
stromal tissue (lower population) negative for keratins and tumor tissue positive for both keratins 
and vimentin (upper population) 4C: tumor population, with on the right side of the cloud a tumor 
population expressing vimentin, a marker of epithelial-to-mesenchymal transition. 4D: diploid DNA 
index from stromal tissue. 4E: aneuploidy DNA index (1.65) from tumor population.
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tases have acquired additional mutations compared to the primary tumor, might 
have great implications for the options for targeted therapy. When, in the future, 
mutations in the primary tumor are targeted by specific therapy, we have to be 
aware of the risk of selection of tumor cells that represent a different clone with 
additional, untargeted or yet untargetable mutations. It is therefore crucial to use 
multimodal anticancer therapies, that block multiple levels of different cancer 
pathways(35;36). 

Although the current adagium in VSCC etiology states that vulvar cancer aris-
es through either an HPV infection or a mutation of the TP53 gene, our data again 
show that other mutations such as CDKN2A and HRAS also play a role in VSCC. The 
results from the present study show that lymph node metastases and recurrences 
from VSCC have a broad variety of mutations that are not necessarily of the same 
profile as the primary VSCC. VSCC-S is not associated with a specific type of muta-
tion or mutated pathway. Also, adjacent spindle cells are likely to have the same 
mutational pattern as the solid component in the primary tumor. Therefore, somat-
ic mutations are unlikely to be the causing factor for EMT or the origin of VSSC-S. 
Changes in the TGF-beta pathway through other mechanisms than genetic alter-
ations could be of importance and need to be studied in more detail.

Conclusion
Mutations in TP53, CDKN2A and HRAS were frequently found in primary VSCC, lymph 
node metastases and recurrences. The results from this study show that VSCCs 
consist of multiple tumor clones that have different mutational spectra. There is no 
proof that spindle shaped cells are the origin of lymph node metastasis and recur-
rences. Future research on targeted therapy is needed, but we should be aware 
of the risk of clonal selection of cells carrying undetected or untargeted mutations.
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Supplementary tables

Supplemental table 1   Somatic mutations in spindle cell components

Patient primary spindle primary* lymph 
node

spindle lymfe 
node*

recur-
rence

spindle recur-
rence*

5 WT na na na WT WT
6 WT WT WT na na na
8 WT WT na na na na
9 WT na WT WT na na
13 WT WT na na na na
14 WT na na na WT CDKN2A + KRAS+ 

PPP2R1A
17 WT WT na na WT WT
24 WT WT na na na na
25 WT WT WT na na na
26 WT WT na na na na
27 CDKN2A CDKN2A WT na WT na
36 WT failed WT na na na
37 WT na na na WT WT
40 WT failed na na na na
41 HRAS WT WT WT na na
44 WT WT na na CDKN2A CDKN2A
47 CDKN2A + HRAS CDKN2A + HRAS na na na na
50 CDKN2A CDKN2A CDKN2A na na na
51 HRAS HRAS HRAS na na na
52 CDKN2A CDKN2A CDKN2A na CDKN2A failed
53 WT CDKN2A + CTNNB1 WT failed na na
56 WT WT na na na na
58 WT na WT na HRAS failed
62 WT failed WT PTEN WT WT
64 WT na WT WT na na
65 CDKN2A CDKN2A na na na na
66 WT WT WT WT na na
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7

Supplemental table 4   Copy number alterations

Patient primary spindle  
primary

lymph node spindle lymph 
node

recurrence spindle  
recurrence

5     aneuploid aneuploid
6 aneuploid aneuploid     
8 aneuploid aneuploid     
9   aneuploid aneuploid   
13 aneuploid diploid +  

aneuploid
    

14     aneuploid diploid
17 failed aneuploid   aneuploid aneuploid
24 diploid diploid     
25 diploid +  

aneuploid
diploid     

26 diploid diploid    
27 diploid diploid     
36 diploid +  

aneuploid
aneuploid     

37     diploid +  
aneuploid

diploid +  
aneuploid

40 aneuploid diploid     
41 failed aneuploid diploid +  

aneuploid
failed   

44 aneuploid aneuploid   aneuploid diploid +  
aneuploid

47 diploid +  
aneuploid

aneuploid     

50 aneuploid aneuploid     
51 aneuploid diploid     
52 aneuploid aneuploid   diploid +  

aneuploid
aneuploid

53 aneuploid aneuploid aneuploid aneuploid   
56 diploid + 

aneupploid
aneuploid     

58     aneuploid aneuploid
62 aneuploid diploid + 

aneuploid
aneuploid diploid +  

aneuploid
diploid aneuploid

64   aneuploid aneuploid   
65 aneuploid diploid     
66 aneuploid aneuploid diploid +  

aneuploid
aneuploid   
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