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ABSTRACT
Background Therapeutic immune intervention is highly 
dependent on the T- cell priming and boosting capacity 
of tumor- draining lymph nodes (TDLN). In vulvar cancer, 
in- depth studies on the immune status of (pre)metastatic 
TDLN is lacking.
Methods We have phenotyped and enumerated various 
T- cell and myeloid subsets in tumor- free (LN−, n=27) 
and metastatic TDLN (LN+, n=11) using flow cytometry. 
Additionally, we studied chemokine and cytokine 
release profiles and assessed expression of indoleamine 
2,3- dioxygenase (IDO) in relation to plasmacytoid dendritic 
cell (pDC) or myeloid subsets.
Results Metastatic involvement of TDLN was 
accompanied by an inflamed microenvironment with 
immune suppressive features, marked by hampered 
activation of migratory DC, increased cytokine/chemokine 
release, and closely correlated elevations of pDC and 
LN- resident conventional DC (LNR- cDC) activation state 
and frequencies, as well as of terminal CD8+ effector- 
memory T- cell (TemRA) differentiation, regulatory T- cell 
(Treg) rates, T- cell activation, and expression of cytotoxic 
T- lymphocyte protein- 4 (CTLA- 4) and programmed cell 
death protein- 1 (PD- 1) immune checkpoints. In addition, 
high indoleamine 2,3- dioxygenase (IDO) expression and 
increased frequencies of monocytic myeloid- derived 
suppressor cells (mMDSC) were observed. Correlation 
analyses with primary and metastatic tumor burden 
suggested respective roles for Tregs and suppression of 
inducible T cell costimulator (ICOS)+ T helper cells in early 
metastatic niche formation and for CD14+ LNR- cDC and 
terminal T- cell differentiation in later stages of metastatic 
growth.
Conclusions Metastatic spread in vulvar TDLN is marked 
by an inflamed microenvironment with activated effector 
T cells, which are likely kept in check by an interplay of 
suppressive feedback mechanisms. Our data support 
(neoadjuvant) TDLN- targeted therapeutic interventions 
based on CTLA- 4 and PD- 1 blockade, to reinvigorate 
memory T cells and curb early metastatic spread and 
growth.

BACKGROUND
Vulvar cancer can arise from chronic inflam-
matory skin disorders in 60% of the cases, 
while less than 40% of the malignant lesions 
is induced by infection with high- risk human 
papillomaviruses (HPV).1 Most patients with 
vulvar cancer are primarily treated with a wide 
local excision of the primary tumor in combi-
nation with a sentinel lymph node (SLN) 
procedure or lymphadenectomy, since initial 
metastatic spread is usually via the inguinofem-
oral LN. Therefore, the pathological status of 
these tumor- draining LN (TDLN) is essen-
tial for adjuvant treatment decision making 
and clinical outcome in patients with vulvar 
cancer.2 3 Immunotherapeutic interventions, 
alone or in combination, by topical applica-
tion of imiquimod, HPV- based vaccination, 
or immune checkpoint blockade, have been 
clinically explored in the treatment of (pre)
malignant vulvar lesions, but with limited 
success.4–6 Recent evidence points to the 
importance of immune competent TDLN 
in the efficacy of cancer immunotherapy, 
including programmed cell death protein- 1 
(PD- 1) blockade, previously thought to exert 
its activity mostly by reversing effector T- cell 
exhaustion in the tumor microenvironment 
(TME).7 8

The TDLN immune microenvironment 
plays a key role in tumor progression and 
metastatic spread, since it is the first site to 
which tumor antigens are presented to the 
immune system and initial decision making 
occurs with regard to immune activation and 
tolerance. Primary tumors can exploit various 
immune suppressive mechanisms to escape 
from antitumor responses, which can result 
in the recruitment of suppressive immune 
cells and the modulation of the immune 
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microenvironment in TDLN.9 10 This immune suppressed 
state of TDLN may seriously limit efficacy of immuno-
therapy and should therefore be charted to provide clues 
for more effective combinations of immunotherapeutic 
strategies.

The majority of the primary vulvar tumors display a 
highly immunosuppressed microenvironment character-
ized by the presence of regulatory T cells (Tregs), tumor- 
associated macrophages, and the expression of immune 
checkpoints PD- (L)1, T cell immunoglobulin mucin- 3 
(TIM- 3), and indoleamine 2,3- dioxygenase (IDO).11–20 
Only limited information is available about the effect of 
the primary tumor on the vulvar TDLN immune land-
scape. Immunohistochemical studies performed on 
vulvar metastatic TDLN show the presence of natural 
killer (NK) cells, granzyme B+ cells and Tregs, and the 
expression of cyclooxygenase- 2 and IDO by metastatic 
tumor cells.13 21 22

To gain more insight in the immune status of premeta-
static and metastatic vulvar TDLN, we have undertaken a 
comprehensive flow cytometry- based study, analyzing the 
myeloid compartment, various lymphocyte populations, 
and chemokine- release and cytokine- release profiles in 
single- cell suspensions of tumor- free (LN−) and meta-
static LN+ samples of patients with vulvar cancer. We 
have linked this data to size and p16 status of the primary 
tumor as well as tumor load in LN+.

Our data reveal changes in dendritic cell (DC) and 
T- cell subsets depending on TDLN tumor status and load 
and as such provide highly relevant information for the 
future development of (local, neoadjuvant) immuno-
therapeutic strategies aimed at interfering with immune 
suppression and inducing an effective cytotoxic immune 
response against vulvar cancer.

METHODS
Patients
Women presenting with vulvar cancer (n=25) scheduled 
for an SLN procedure or lymphadenectomy at the Antoni 
van Leeuwenhoek (AvL) hospital (Amsterdam, The Neth-
erlands) or the Amsterdam University Medical Center 
(Amsterdam UMC), location Academic Medical Center 
(AMC; Amsterdam, The Netherlands) were included in 
this study. All included women gave written informed 
consent. None of the patients underwent chemotherapy 
or radiation prior to surgery. One patient (table 1, patient 
8) participated in an HPV DNA- vaccination trial 15 
months before surgery (Dutch trial no. NL4474). Patients 
were either typed for HPV and/or immunohistochemi-
cally stained for p16 according to the institutional diag-
nostic routine procedures. See table 1 for all clinical and 
pathological characteristics per patient.

LN collection and processing
LN samples were collected, including 27 LN− and 11 LN+ 
(table 1). Before routine diagnostic pathology procedures, 
fresh LN were bisected, viable cells were scraped from 

the cutting surface with a surgical blade and collected in 
dissociation medium composed of Roswell Park Memo-
rial Institute 1640 medium (without 4- (2- hydroxyethyl)- 1
- piperazineethanesulfonic acid (HEPES)) supplemented 
with 5% fetal calf serum (FCS), penicillin- streptomycin- 
glutamine, gentamicin/amphotericin B, 0.1% DNase I 
and 0.14% collagenase A. Single- cell suspensions were 
obtained as described previously.23

Flow cytometry
In order to phenotype and compare immune cell compo-
sition of vulvar TDLN, single- cell suspensions were used 
for four- color flow cytometry. The same protocol and four- 
color antibody panel was used as previously described for 
characterizing immune subsets in cervical TDLN.23 See 
online supplemental table S1 for examined immune 
phenotypes. In short, cells were resuspended in fluores-
cence activated cell sorting (FACS) buffer consisting of 
phosphate- buffered saline (PBS) supplemented with 
0.1% bovine serum albumin (BSA; Sigma- Aldrich) and 
0.02% NaN3. To detect intracellular FoxP3 and cytotoxic 
T- lymphocyte protein- 4 (CTLA- 4) in T cells, a membrane 
and intracellular staining was combined and performed 
in a U- bottom 96- wells plate using the FoxP3 Transcrip-
tion Factor Staining Buffer Set. Membrane staining was 
performed in flow cytometry tubes. Based on the avail-
able number of cells, a partial or complete panel anal-
ysis was carried out and measured on a BD FACSCalibur. 
Data were analyzed, using CellQuest Pro software (BD), 
as percentage positive cells or as median Fluorescence 
Index (MFI; median fluorescence of marker divided by 
the median fluorescence of the isotype control). Of note, 
using these four- color panels, HLA- DR and inducible T 
cell costimulator (ICOS) expression on CD4+ T cells were 
identified by gating CD3+CD8- T cells, while CTLA- 4 and 
PD- 1 expression on CD8+ T cells was similarly quantitated 
by gating CD3+CD4- T cells. Expression of these activation 
markers on double- positive and double- negative T cells 
were thus not taken into account.

Additional polychromatic flow cytometric analysis was 
performed for more in- depth study of DC and T- cell 
phenotype. See online supplemental table S2 for further 
specifications. Cryopreserved cells were thawed and 
stained with the following antibodies against membrane 
markers: DC- SIGN- FITC, CD1a- PE, CD83- PE- CF594, 
CD14- PerCP- Cy5.5, CD1c- PE- Cy7, CD11c- antigen- 
presenting cell (APC), CD45- AF700, CD163- BV421, 
CD16- BV650, BDCA3- BV711, and PD- L1- BV786. Dead 
cells were excluded using Fixable Viability Dye eFluor 
780. See online supplemental figure S1 for DC- gating 
procedures. T cells were assessed using the following anti-
bodies against membrane markers: CD3- PerCP- Cy5.5, 
LAG3- PE- Cy7, CD4- AF700, TIM3- BV421, CD8- V500, PD- 1- 
BV786, and a PE- CF594 labeled antibody against CTLA- 4 
together with the eBioscience FoxP3 Transcription Factor 
Staining Buffer Set for intracellular staining. Multi-
color flow cytometry was performed using the BD LSR 
Fortessa. Frequencies and geometric mean fluorescence 
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intensity were obtained using Kaluza V.1.3 analysis soft-
ware (Beckman Coulter). Additionally, t- Distributed 
Stochastic Neighbor Embedding (t- SNE) density plots 
were generated in FCS express V.6 (De Novo software).

Cytokine and chemokine release
To monitor cytokine and chemokine release in vulvar 
TDLN, we used 100 000 viable cells from cryopreserved 
single- cell suspensions (LN− n=5; ≤5 mm LN +n=1; 
>5 mm LN +n=4). LN cells were plated into a U- bottom 
96- well plate in 100 µL iscove modified dulbecco medium 
(IMDM) with 10% FCS and PSG and were incubated 
without stimulation (medium), or with different toll- like 
receptor (TLR)- ligands: TLR2- L (PGN [Peptidoglycan], 
10 µg/mL, InvivoGen, USA), TLR3- L (Poly IC, 20 µg/
mL, InvivoGen, USA), TLR7/8 L (R848; 10 µg/mL; Invi-
voGen, USA), and TLR- 9 (CpG- B; CPG7909, 5 ug/mL, 
Coley Pharmaceuticals) at 37°C for 24 hours. The next 
day, supernatants were harvested and stored at −20°C 
until further analysis.

Analysis of tumor necrosis factor α (TNFα), interferon 
γ (IFNγ), interleukin 5 (IL- 5), IL- 6, IL- 10, CXCL9 (MIG), 
and CXCL10 (IP- 10) (online supplemental table S2) in 
the supernatants was conducted using a cytometric bead 
array (CBA) flex kit (BD), and analyzed on the LSR 
Fortessa flow cytometer according to the manufacturer’s 
instructions. Quantity (in pg/mL) of the cytokines and 
chemokines was calculated using FCAP array software 
V.3.0 (BD). Values were set at 0 or 2500, respectively, 
when sample intensities did not fit within the lower or 
upper limits of the standard curve according to the “limit 
of detection data table” in the user manual of the CBA kit 
(ie, were below or above the detection limit).

Immunofluorescence staining
Formalin- fixed, paraffin- embedded (FFPE) LN from 7 
vulvar cancer patients (LN− n=3; LN +n=4) were obtained 
from the archives of the Pathology department at the 
Amsterdam UMC, location AMC (Amsterdam, The Neth-
erlands); they were sectioned at 4 µm and mounted on 
adhesive Starfrost slides. Multicolor immunofluorescence 
staining was performed for IDO, CD68 and CD123. Slides 
were deparaffinized for 3×5 min in Neo- Clear, and in 
series of decreasing concentrations of alcohol (1×5 min in 
100%, 1×5 min in 96%, and in 1×5 min in 70%). Antigen 
retrieval was achieved by 10 min boiling in a pH 9.0 Tris/
EDTA buffer. Slides were incubated with the unconju-
gated primary antibodies diluted in 2% BSA/PBS over-
night at room temperature (RT); 1:100 anti- IDO, 1:50 
anti- CD68, and 1:100 anti- CD123. Next, slides were 
washed for 3×5 min in PBS, and then incubated with 
secondary fluorescence- labeled antibodies diluted in 2% 
BSA/PBS for 1 hour at RT; 1:200 Alexa Fluor 488, 1:200 
Alexa Fluor 546, and 1:200 Alexa Fluor 647. Next, the 
slides were washed for 3×5 min in PBS, and counterstained 
with 1:1000 4’,6- diamidino- 2- phenylindole dihydro-
chloride, washed in PBS and mounted under coverslips 
with ProLong Diamond Antifade Mountant. See (online 

supplemental table S2 for further specifications. Stain-
ings were imaged using a fully motorized digital imaging 
fluorescence microscope (Axiovert- 200M, Zeiss).

Statistical analysis
To assess differences in immune subsets and cytokine/
chemokine levels, results were analyzed by the two- sided 
unpaired T- test (LN− vs LN+) when parameters showed a 
normal distribution (D'Agostino- Pearson normality test) 
or alternatively analyzed by the Mann- Whitney U test 
(LN− vs LN+), the Wilcoxon matched- pairs signed rank 
test (non- SLN− vs SLN−), or Kruskal- Wallis test (LN− 
vs ≤5 mm LN +vs >5 mm LN+) with GraphPad Prism V.8. 
Correlation between immune parameters, metastasis size 
and primary tumor size were examined by linear regres-
sion (F- test) using GraphPad Prism V.8 and using the 
CORREL (correlation) formula to calculate correlation 
coefficients in Microsoft Excel 2016. Differences and 
correlations were considered significant when p<0.05.

RESULTS
To gain more insight in the immune status of vulvar 
TDLN, we assessed the frequencies of various APC 
subsets, myeloid- derived suppressor cells (MDSC), and 
lymphocyte populations (T cells, B cells, and NK cells) 
in LN− and LN + from 25 patients with vulvar cancer by 
flow cytometry. See online supplemental table S1 for an 
overview of immune subset phenotype and frequencies 
present in the fresh LN samples. No significant differ-
ences were found for immune subset frequencies between 
non- SLN− and SLN−, therefore, these LN were added to 
the LN− group.

DC and MDSC subsets in vulvar TDLN
First, frequencies and phenotype of five LN DC subsets 
were assessed, as previously described by us in mela-
noma and cervical TDLN,23 24 including CD1a+ migratory 
dermal DC (DDC) and Langerhans cells (LC), CD14− and 
CD14+ LN resident- conventional DC (LNR- cDC), and 
CD123+BDCA2+ plasmacytoid DC (pDC). To examine 
the effect of metastatic involvement on these DC subsets, 
we grouped our data according to LN status and tumor 
load (size measured by pathology review): LN−, LN + with 
metastasis size ≤5 mm (≤5 mm LN+), and LN + with metas-
tasis size >5 mm (>5 mm LN+), since metastasis size has 
previously been correlated to survival outcome of patients 
with vulvar cancer.25 26

Remarkably, DDC rates were increased in >5 mm LN + 
whereas LC numbers remained very low and even seemed 
decreased as compared with LN− (figure 1A). Both DDC 
and LC showed a progressive decrease in activation state 
from LN− to LN+, with increasing metastasis size, based 
on multiple activation markers (figure 1B), the one 
exception being CD80, which was significantly increased 
in LC, both by percentage positive cells and MFI (see 
online supplemental figure S2) for MFI of all tested 
markers on the cDC subsets). Of note, in LN + migratory 
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DDC acquired CD14 expression and downregulated 
CD1c expression levels (figure 1C). This was accompa-
nied by a loss in CD83 and upregulated DC- SIGN and 
CD163 expression (figure 1D), consistent with an imma-
ture M2- like phenotype.27

LNR- cDC subset frequencies were elevated in >5 mm 
LN+ (figure 2A), while their activation state seemed 

mostly unaffected by metastatic involvement of the TDLN 
(figure 2B). In fact, LNR- cDC in >5 mm LN + showed 
higher expression levels of CD80 (online supplemental 
figure S2B), while B7- H4 levels went down, suggesting an 
increased T- cell stimulatory state (figure 2B and online 
supplemental figure S2). Further in- depth profiling of 
the CD14- LNR- cDC subset, showed approximately half of 

Figure 1 Frequency and phenotype of migratory DC subsets in vulvar TDLN. Frequency and activation state of migratory 
DC subsets in LN− (white BAR), ≤5 mm LN+ (light gray BAR), and >5 mm LN+ (dark gray BAR). (A) Frequencies of CD1a 
frequencies of CD1a+ migratory DC subsets (DDC and LC), expressed as percentage of total ln leucocytes. (B) Expression 
of CD40, CD83, CD86, CD80, PD- L1, and B7- H4 on CD1a) expression of CD40, CD83, CD86, CD80, PD- L1, and B7- H4 on 
CD1a+ migratory DDC and LC, expressed as percentage of positive cells. (C) Representative flow cytometry dot plots for DDCs 
(gated first on singlets and CD45+ live cells and on CD1a+CD11chi) in LN-, in ≤5 mm LN+, and in >5 mm ln +identifying three 
different (CD1a+) DDC populations: CD14-CD1c+, CD14+CD1c+, and CD14+CD1cint. Graph shows frequencies for CD14-CD1c+, 
CD14+CD1c+-, and CD14+CD1cint DDCs in LN− and LN+, with colors corresponding to the gated populations in the FACS plots. 
(D) Expression levels ofDC- SIGN, BDCA- 3, CD83, CD16, CD163, and PD- L1 on CD1a+CD14-CD1c+-, CD1a+CD14+CD1c+-, and 
CD1a+CD14+CD1cint- in LN− and LN+, expressed as percentage of positive cells within each subset. Each dot represents a 
lymph node: open dots LN−, half- closed dots ≤5 mm LN+, and the closed dots >5 mm LN+. *P≤0.05, **p<0.01, and ***p<0.001 
by Kruskal- Wallis test, Mann- Whitney U test or unpaired T test in case n<3 for ≤5 mm LN+. Data in A and B were generated 
using 4- color flow cytometry panels. Data in C and D were generated using 10- color flow cytomtery panels. DC, dendritic cell; 
DDC, dermal DC; LC, Langerhans cells; LN, lymph nodes; TDLN, tumor- draining LN.
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Figure 2 Frequency and phenotype of LNR- DC subsets in TDLN. Frequency and activation state of LNR- DC subsets in 
LN− (white BAR), ≤5 mm LN+ (light gray BAR), and >5 mm LN+ (dark gray BAR). (A) Frequencies of LNR- cDC subsets (CD14- 
CDC and CD14+ CDC), expressed as percentage of total ln leucocytes. Expression of CD40, CD86, CD80, PD- L1, and B7- 
H4 on (B) CD14- and CD14+ cDC, expressed as percentage of positive cells. (C) Representative flow cytometry dot plots for 
CD14- LNR- cDC (gated first on singlets, CD45+ live cells, and on CD1a-CD11chi) in LN−, in ≤5 mm LN+, and in >5 mm  LN+ 
identifying two different populations based on CD1c expression: CD14-CD1clo and CD14-CD1c+. Graph shows frequencies for 
CD1a-CD14-CD1clo and CD1a-CD14-CD1c+ cells in LN− and LN+, with colors corresponding to the gated populations in the 
FACS plots. (D) Representative flow cytometry dot plots for CD14+ CDC (gated first on singlets, CD45+ live cells, and on CD1a-

CD11c+CD14+) in LN−, in ≤5 mm LN+, and in >5 mm  LN+ identifying two CD1a-CD14+ populations based on CD1c expression: 
CD14+CD1clo and CD14+CD1c+. Graph shows frequencies for CD14+CD1clo and CD14+CD1c+ DCs in LN− and LN+, with colors 
corresponding to the gated populations in the FACS plots. (E) Expression of DC- SIGN, BDCA- 3, CD83, CD16, CD163, and PD- 
L1 on CD1a-CD14-CD1clo, CD1a-CD14-CD1c+, CD1a-CD14+CD1clo, and CD1a-CD14+CD1c+ cDC in vulvar TDLN, expressed 
as percentage of positive cells within each subset. (F) Frequencies of pDC and expression levels of CD40 and CD83 on pDC 
(both expressed as percentage positive cells). Each symbol represents a lymph node sample: open dots LN−, half- closed dots 
≤5 mm LN+, and the closed dots >5 mm LN+. *P≤0.05, **p<0.01, and ***p<0.001 by Kruskal- Wallis test, Mann- Whitney U test or 
unpaired T test in case n<3 for ≤5 mm LN+. Data in A, B, F were generated using 4- color flow cytometry panels. Data in C, D, E 
were generated using 10- color flow cytomtery panels. cDC, conventional DC; DC, dendritic cell; FACS, fluorescence activated 
cell sorting; LN, lymph node; LNR, LN resident; pDC, plasmacytoid DC; TDLN, tumor- draining lymph nodes.
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them to express high levels of the cDC2 marker CD1c and 
half of them low levels, with elevated frequencies of both 
populations in LN+ (figure 2C). Both populations were 
highly positive for CD83, showing them to be mature DC. 
Interestingly, in some TDLN a low percentage of the CD1c+ 
fraction also expressed CD163 (figure 2E), possibly iden-
tifying these cells as a cDC3 subset, recently discovered 
as a T- cell stimulatory subpopulation of cDC2 in HPV + 
oropharyngeal cancer.28 Higher expression levels of 
BDCA3/CD141 on the CD1c+ population were observed 
as compared with the CD1clo fraction (figure 2E). Further 
analysis nevertheless showed a CD1clo subpopulation with 
high BDCA3/CD141 expression levels (online supple-
mental figure S3A), which identified them as cDC1. This 
cDC1 subset showed equally high CD83 expression levels 
as the cDC2 subset (data not shown) and, although not 
significant due to low sample number, were also elevated 
in frequency in LN + similar to cDC2 (online supple-
mental figure S3B, C). Further analysis of the CD14+ LNR- 
cDC subset showed a small CD1c+ subpopulation, with a 
majority expressing low CD1c (CD1clo) levels; particularly 
the latter population was elevated in LN+, sometimes to 
exceedingly high frequencies (up to 35% of all live CD45+ 
cells), see figure 2D. Although this population was further 
marked by low- to- intermediate expression of M2- macro-
phage related markers like DC- SIGN, CD163 and CD16 
(figure 2E), relatively high expression of CD83 neverthe-
less identified it as predominantly comprizing mature 
DC. Of note, expression levels of PD- L1 were equally 
low in all LNR- cDC subpopulations and not elevated in 
LN+ (figure 2E). Remarkably, the paucity of CD14+CD1c− 
population indicated a clear predominance of inflam-
matory DC- like cells over macrophages in these TDLN 
single- cell suspensions. As we did not include CD169, a 
marker defining macrophages in the marginal sinuses, 
we were unable to ascertain their frequency or activation 
state.

Frequencies of pDC and their expression of CD40 and 
CD83 were also found to be higher in >5 mm LN  +as 
compared with LN− (figure 2F); expression of CD80 and 
CD86 was low and unaffected by LN metastasis (data not 
shown).

Of note, although the number of samples was very low, 
DC numbers in ≤5 mm LN + were similar to the numbers 
found in LN-, indicating a pronounced effect of meta-
static tumor sizes exceeding 5 mm in TDLN on DC migra-
tion and mobilization (figures 1–2). Finally, beside DC 
rates, also monocytic (m)MDSC rates were significantly 
elevated in >5 mm LN+, whereas mMDSC rates in ≤5 mm 
LN +were as low as in LN− (see online supplemental table 
S1).

T-cell subsets in vulvar TDLN
We observed lower frequencies of CD4+ T cells and higher 
frequencies of CD8+ T cells and double- negative (DN, 
CD4-CD8-) T cells in >5 mm LN + compared with to the 
frequencies found in LN− suspensions (figure 3A, first two 
panels). Furthermore, higher rates of suppressive CD4+ 

Tregs were found in >5 mm LN+ (figure 3A, third panel), 
resulting in a lower CD8/Treg ratio (online supplemental 
table S1). Also FoxP3- expressing CD8+ T- cell frequencies 
were increased in >5 mm LN+ (figure 3A, fourth panel). 
The latter might represent an early effector- like rather 
than a suppressive subset as recently shown in cervical 
cancer TDLN.29

Furthermore, we analyzed T- cell effector and memory 
status and found lower levels of naïve CD4+ T cells 
and higher levels of memory CD4+ T cells in >5 mm 
LN+ (figure 3B, left panel). For CD8+ T cells, we also 
found lower rates of naïve CD8+ T cells in >5 mm LN + 
compared with LN-, while the frequencies for effector 
memory (Tem, CD27-CD45RA-) and terminally differen-
tiated effector- memory T- cell (TemRA) (CD27-CD45RA+) 
CD8+ T cells were found to be increased in >5 mm LN+ 
(figure 3B, right panel).

Next, we assessed T- cell activation state by determining 
the expression of activation (HLA- DR and ICOS) and 
immune checkpoint molecules (CTLA- 4 and PD- 1). In 
macro LN+, CD4+ T cells were more activated as shown 
by elevated HLA- DR and ICOS expression, whereas this 
was not the case for CD8+ T cells (figure 3C). Similarly, 
checkpoint expression was elevated and higher on CD4+ 
T cells in >5 mm LN +than on CD8+ T cells; neverthe-
less CTLA- 4 and PD- 1 expression was also higher on 
CD8+ T cells in >5 mm LN+ (figure 3D). Additionally, 
high- dimensional multicolor flow cytometry and t- SNE 
analysis showed, next to CTLA- 4 and PD- 1, the expres-
sion of checkpoints TIM- 3 and LAG- 3 in vulvar TDLN 
(figure 3E). TIM- 3 and LAG- 3 were coexpressed, mostly in 
CD4+ T cells, and showed some overlap with CTLA- 4 but 
hardly with PD- 1 expression. CTLA- 4 and PD- 1 showed 
partial overlap in both CD4+ and CD8+ T cells. Differences 
in T- cell numbers and distribution for LN− vs LN + are 
shown in online supplemental figure S4, revealing gener-
ally lower T- cell numbers and relatively higher expression 
of LAG- 3 and TIM- 3 in CD4+ T cells in LN+.

Of note, although caution is warranted due to low 
sample size, T cells in ≤5 mm LN + overall resembled more 
their counterparts in LN− than in >5 mm LN+ (figure 3).

Cytokine and chemokine release
To study cytokine and chemokine release profiles, we 
performed 24 hours in vitro cultures with single- cell 
suspensions from LN− and LN+ (≤5 mm and >5 mm LN+). 
Strikingly, in these unstimulated ex vivo cultures, no IFNγ 
(figure 4A) and IL- 5 (data not shown) was detected. The 
levels of TNFα, IL- 6, IL- 10, CXCL9, and CXCL10 were 
found to be higher in >5 mm LN + compared with to 
LN− (figure 4A), indicative of an inflamed microenviron-
ment with prevailing T- cell suppression. On agonistic liga-
tion of TLRs (PGN [Peptidoglycan], Poly- IC, R848, and 
CpG- B), sporadic low IFNγ release, but no IL- 5 (data not 
shown), was detected in the supernatant of LN− cultures, 
and no release of these T- cell effector cytokines was found 
in LN + cultures (figure 4B). R848 and CpG- B were the 
most consistent inducers of cytokine release, with notably 
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Figure 3 T- cell subset distribution and phenotype in vulvar TDLN. T- cell subset distribution in LN− (white BAR), ≤5 mm LN+ 
(light gray BAR), and >5 mm LN+ (dark gray BAR). Frequencies of (A) CD4+ and CD8+ T cells (first panel), double- negative (DN, 
CD4-CD8-) and double- positive (DP, CD4+CD8+) T cells (second panel), CD4+ Tregs (third panel), and FoxP3- expressing CD8+ T 
cells (fourth panel). (B) Frequencies of naive and memory CD4+ T cells (left panel) and frequencies of naive, effector memory Ra+ 
(TemRa), central memory (Tcm), effector memory (TEM), and memory- like CD8+ T cells (right panel). (C) expression of activation 
markers HLA- DR and inducible T cell costimulator (ICOS) on CD4+ (left panel) and CD8+ T cells (right panel). (D) Checkpoint 
molecule expression of CTLA- 4 and PD- 1 on CD4+ (left panel) and CD8+ T cells (right panel). Each symbol represents a 
lymph node sample: open dots LN-, half- closed dots ≤5 mm LN+, and the closed dots >5 mm LN+. *P≤0.05; **p<0.01, and 
***p<0.001, measured using Kruskal- Wallis test, Mann- Whitney U test or unpaired t- test in case n<3 for ≤5 mm LN+. (E) t- SNE 
analysis visualizingCD4+ and CD8+ T- cell distribution and expression levels of checkpoint molecules CTLA- 4, PD- 1, TIM- 3, 
and LAG- 3 in concatenated data sets of two vulvar SLN− and three  LN+ samples. Data in A, B, C, D were generated using 
4- color flow cytometry panels. Data in E was generated using 11- color flow cytomtery panels. CTLA- 4, cytotoxic T- lymphocyte 
protein- 4; LN, lymph nodes; PD- 1, programmed cell death protein- 1; SLN, sentinel LN; TDLN, tumor- draining LN; TIM- 3, T cell 
immunoglobulin mucin- 3; t- SNE, t- distributed stochastic neighbor embedding.
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higher release levels of TNFα, IL- 6, and IL- 10 in LN+ 
(≤5 mm and >5 mm LN+) than in LN− (figure 4B).

TDLN immune status in relation to tumor burden and p16 
status
We studied the effect of the primary tumor burden (size; 
measured after surgery by pathology review) and its p16 
status on the DC and T- cell subsets in LN−. Primary tumor 
size did not seem to affect migratory or LNR- DC subsets 
(data not shown), whereas it was positively correlated 
with Treg and CD8+FoxP3+ T- cell frequencies and nega-
tively correlated with activated ICOS+CD4+ T cells 
(figure 5A–C). Expression of p16 in the primary tumor (a 
prognostically favorable marker30) was associated with an 
enhanced activation state of DDC (based on CD83 (not 
shown) and CD86 expression levels) and of CD14- LNR- 
cDC (based on CD86 expression levels) (figure 5D,E). 
Moreover, p16 expression in the primary tumor was 
significantly associated with higher rates of terminally 
differentiated CD8+ effector T cells (TemRA), but with 
lower rates of PD- 1- expressing CD8+ T cells (figure 5F,G).

Of note, in LN + CD14+ LNR- cDC rates as well as 
frequencies of memory CD4+ T cell, CD8+ T cells, and 
CD8+TemRA were significantly and positively correlated 
with metastatic tumor size (figure 5H–K), whereas naive 
CD4+ and CD8+ T- cell frequencies correlated negatively 
with metastatic tumor size (figure 5L,M).

Concerted LNR-cDC, PDC and T-cell activation in LN+
Correlation matrix analysis of the studied immune 
parameters revealed remarkably concerted, and closely 

correlated, elevations of pDC and LNR- cDC (and in partic-
ular CD14+ LNR- cDC) activation states and frequencies, 
and of terminal CD8+ effector memory (‘emRA’) T- cell 
differentiation, Treg rates, T- cell activation and expres-
sion of CTLA- 4 and PD- 1 immune checkpoints, in LN+, 
but not in LN− (figure 6). This suggests an important 
interplay between the DC compartment and T- cell acti-
vation and suppression in metastatically involved TDLN. 
Observed positive correlations between Treg, CTLA- 
4+CD4+ T- cell, and pDC rates (online supplemental figure 
S5A), led us to hypothesize a possible role for IDO in Treg 
induction via pDC:CTLA- 4 cross- talk.31 CD123/IDO/
CD68 triple staining of FFPE sections from LN− (n=3) and 
LN+ (n=1 ≤5 mm and n=3 >5 mm LN+) however showed 
no coexpression of CD123 and IDO, ruling out pDC as 
an important source of this T- cell suppressive catabolic 
enzyme (online supplemental figure S5B). Rather, even 
in LN−, CD123− cells with a DC morphology seemed to 
be a major source of IDO. Occasional colocalization with 
CD68 in a spotty appearance (see white arrows in online 
supplemental figure S5B) indicated these cells to most 
likely be mature cDC, as CD68 expression in the form of 
a perinuclear spot was previously related to a mature DC 
phenotype, in contrast to diffuse expression in immature 
DC and macrophages.32 33 Remarkably, similar but weaker 
perinuclear CD68 spots were occasionally also observed 
in CD123+ pDC (see yellow arrows), consistent with a 
previous report.34 Of note, in LN + the tumors themselves 
also strongly expressed IDO (see online supplemental 
figure S5B, right panel).

Figure 4 Cytokine and chemokine release profiles in vulvar TDLN. (A) Cytokine/chemokine release (in pg/mL) of IFNγ, TNFα, 
IL- 6, IL10, and CXCL9 and CXCL10 in single- cell suspensions from LN−, ≤5 mm and >5 mm  LN+ on 24 hours in vitro culture. 
(B) Cytokine/chemokine release (in pg/mL) of IFNγ, TNFα, IL- 6, IL10, CXCL9 and CXCL10 in single- cell suspensions from 
LN-,  ≤5 mm and >5 mm  LN+ on 24 hours in vitro culture with the indicated TLR agonists. Each symbol represents a lymph 
node sample: open dots LN-, half- closed dots ≤5 mm LN+, and the closed dots >5 mm LN+. *P≤0.05 and **p<0.01 measured 
using Kruskal- Wallis test or Mann- Whitney U test or unpaired t- test in case n<3 for ≤5 mm LN+. IFNγ, interferon γ; IL- 6, 
interleukin 6; LN, lymph nodes; TDLN, tumor- draining LN; TLR, toll- like receptor; TNFα, tumor necrosis factor-α.
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Figure 5 Immune subset frequencies and activation state in relation to primary tumor size and p16 status, or metastatic 
tumor size. Scatter plots show the correlation of the frequency of (A) CD4 CD4+ Treg, (B) CD8 CD8+FoxP3+ T cells, and 
(C) CD4+ICOS+ T cells in LN− to the size (in millimeters, MM) of the primary tumor measured after surgery by a pathologist. 
Median Fluorescence Index (MFI) of CD86 on (D) DDC and on (E) CD14- LNR- cDC in LN− from patients with p16- primary 
tumors compared with patients with p16 + primary tumors. Percentages of (F) CD8+ TemRA and (G) CD8+PD- 1+ T cells in LN− 
from patients with p16- primary tumors compared with patients with p16 + primary tumors. (H) Scatter plots show the MFI of 
CD80 on CD14+ LNR- cDC in ≤5 mm LN+ (black- white dots) and >5 mm LN+ (black dots) correlated to the size of lymph node 
metastasis in millimeters (mm) measured after surgery by a pathologist. Scatter plots show the frequency of (I) memory CD4+ 
T cells, (J) CD8+ T cells, (K) TemRA CD8+, (L) naïve CD4+ T cells, and (M) naïve CD8+ T cells in ≤5 mm LN+ (half- closed dots) 
and >5 mm LN+ (closed dots) correlated to the size of lymph node metastasis. Each symbol represents a lymph node sample. 
Dotted lines represent 95% CI of the regression line. *P≤0.05, measured using Mann- Whitney U test. Data was generated using 
4- color flow cytometry panels. cDC, conventional DC; DDC, dermal dendritic cell; LN, lymph nodes; LNR, LN resident; TemRA, 
effector- memory T- cell.
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DISCUSSION/CONCLUSION
TDLNs are crucial for the effective launch of an anti-
tumor T- cell response, but are often immune compro-
mised, and as such represent interesting clinical targets to 
modulate the local TME.35 In vulvar cancer, few studies, 
solely immunohistochemistry- based, are available on 
the characteristics of the TDLN immune microenviron-
ment.13 21 22 Here, to the best of our knowledge for the 
first time, a comprehensive flow cytometry- based study was 
performed for phenotyping and enumeration of different 
immune subsets and cytokine and chemokine release 

in vulvar TDLN. Our results indicate that an inflamed 
microenvironment with immune suppressive features is 
associated with metastatic involvement of vulvar TDLN. 
Additionally, we correlated measured TDLN immune 
parameters to the size and p16 status of the primary 
tumor and also observed a pronounced effect of these 
primary tumor parameters on specific immune subsets. 
Altogether our findings suggest a role for decreased 
activation of migratory DDC, rising Treg rates, and the 
suppression of ICOS+CD4+ effector T cells in the creation 
of the premetastatic niche, whereas concerted mobili-
zation and activation of LNR- cDC and pDC, associated 
with expansion of TemRAs, Tregs, and CTLA- 4 and PD- 1- 
expressing activated T cells, may dominate the metastatic 
TDLN microenvironment, most likely provoked by a 
secondary response elicited by the metastatic tumor cells, 
facilitating further metastatic outgrowth. Our data point 
to early immune intervention options to prevent TDLN 
metastasis, based on local TDLN conditioning through 
CTLA- 4 blockade, and suggest later regimens involving 
combined CTLA- 4 and PD- 1 blockade to fight subsequent 
metastatic outgrowth.

Antitumor T- cell immunity starts by presentation of 
tumor- derived antigens, which in the case of HPV- related 
malignancies like vulvar cancer may either be mutation 
or virus derived,36 subsequent to DC activation and migra-
tion to TDLN. In the case of HPV- related infections and 
subsequent cellular transformation in epithelial layers, 
one of the migratory DC subsets in particular, that is, LC, 
are seriously hampered in their activation,37 which may 
account for their virtual absence from the vulvar TDLN. 
This is remarkable since skin- draining LN usually contain 
higher numbers of migrated LC.24 38 Moreover, both LC 
and DDC, migrated to TDLN, were further deactivated 
during metastatic progression as evidenced by downreg-
ulated levels of CD40, CD83 and CD86. This hampered 
activation was accompanied by the acquisition of CD14 
expression and M2- like phenotypic traits. We have previ-
ously described this process in skin- emigrated DC to 
depend on IL- 10,20 27 which may also have been the case 
here as IL- 10 was detected in unstimulated suspensions 
from LN+. We described these M2- converted migra-
tory DC to induce expansion of Tregs.20 27 In keeping 
with this observation, their decreased costimulatory 
potential may have contributed to expansion of Tregs 
observed in the vulvar TDLN, which was progressively 
increased with metastatic growth. Interestingly, a clear 
correlation was observed between primary tumor size 
and Treg rates in LN−, indicating their possible role in 
early suppression and pre- metastatic niche formation in 
the TDLN. Although CD8+FoxP3+ T- cell rates were also 
correlated with primary tumor size and were identified by 
us in cervical TDLN as early effectors with intact effector 
functions,29 these early effectors may well have been 
kept in check by the Tregs, simultaneously increasing in 
frequency. ICOS- expressing CD4+ T- cell rates showed an 
inverse correlation with primary tumor size, indicating 
that their suppression might have been instrumental in 

Figure 6 Association between immune- cell subsets in 
vulvar cancer- draining lymph nodes (LN). Correlation matrices 
showing correlation coefficients between vulvar TDLN 
immune subsets in LN− and in (≤5 mm and >5 mm)  LN+ 
as heat map. Yellow boxes highlight concerted correlations 
in  LN+ between DC and T- cell subsets or activation 
marker or immune checkpoint expression levels. Data were 
generated using four- color flow cytometry panels. APC, 
antigen- presenting cell; cDC, conventional DC; DC, dendritic 
cell; DDC, dermal DC; MDSC, myeloid- derived suppressor 
cells; MFI, Median Fluorescence Index; NK, natural killer; 
TDLN, tumor- draining KN.
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early immune escape. This would indeed fit with a recent 
report of the prognostic importance of effector T helper 
cells in early- stage vulvar carcinoma.20 Based on these 
findings CTLA- 4 blockade presents itself as a promising 
therapeutic intervention for vulvar cancer prior to meta-
static spread to TDLN, as it will induce simultaneous 
reductions in (activated) Tregs and increased expression 
of ICOS on CD4+ T cells.39 Indeed, it has been shown by 
Sharma and colleagues that ICOS expression by CD4+ T 
cells, enhanced after CTLA- 4 blockade, is required for 
an effective antitumor response.40 Local delivery of anti- 
CTLA- 4 will allow for optimal access to the TDLN and 
may so prevent immune escape and metastatic spread.7 41

It is conceivable that HPV- related oncogenic signaling 
in the primary tumor would influence the microenvi-
ronment of both the tumor and TDLN. In our study, 14 
out of 25 vulvar tumors tested positive for high- risk HPV 
and/or p16. Although p16 expression has been demon-
strated to serve as a surrogate marker for a transforming 
high- risk HPV infection in cervical cancer,42 this was not 
reported for vulvar cancer.30 In vulvar cancer, p16 over-
expression is associated with a local immune response 
in the primary tumor and a better prognosis.43 This is in 
line with our findings in patients with p16- postive vulvar 
tumors manifesting with enhanced DC (DDC and CD14- 
LNR- cDC) activation and increased CD8+ effector T- cell 
rates in vulvar TDLN. Interestingly, there might be a role 
for the PD- (L)1 checkpoint axis in p16- negative tumors, 
since we observed higher levels of PD- 1+CD8+ T cells in 
TDLN from patients with p16- negative primary tumors, 
which is in accordance with findings by Sznurkowski et 
al14 who observed more PD- L1 expression in p16- negative 
vulvar tumors. Of note, there is also a report showing 
that PD- L1 expression is independent of p16 status. This 
seeming contradiction may be due to differences in used 
monoclonal antibody clones and/or cut- off for PD- L1 
staining.44 To date, the role of PD- L1 in vulvar cancer as 
prognostic factor remains controversial,14 15 17 44 45 but it 
may contribute to the suppressed microenvironment in 
vulvar TDLN.

Although caution is warranted due to low sample size, 
it is remarkable that immune subset rates and phenotype 
in ≤5 mm LN + were almost similar to those in LN-, indi-
cating a metastatic size threshold for measurable immune 
modulatory effects in TDLN. This is in keeping with 
increasingly poor survival rates in vulvar cancer patients 
with increasing sizes of metastases in SLN.25 26

Whereas our previous studies of melanoma and breast 
TDLN showed progressively suppressed LNR- cDC with 
increased metastatic involvement,38 46 here we actually 
describe progressively increased activation (as well as 
frequencies) of LNR- cDC. These LNR- cDC comprise both 
CD14- subsets (including cDC1, cDC2 and, possibly, cDC3) 
and a CD14+ subset, all previously shown to efficiently prime 
T cells.24 Similarly, numbers and activation state of pDC were 
increased. This increased recruitment and activation of 
LNR- DC subsets is in keeping with the observed spontaneous 
release of inflammation related cytokines and chemokines 

like TNFα, IL- 6, CXCL9, and CXCL10. In particular CD14+ 
LNR- cDC reached high rates in LN+. Whereas in cervical 
LN + we previously found an inter- related increase of Tregs 
and suppressive PD- L1+CD14+ macrophage- like cells,23 the 
highly frequent CD14+ LNR- cDC in vulvar LN + proved to 
be mature DC as shown by their high expression levels 
of CD83, and, interestingly, their CD80 expression levels 
were significantly correlated with the size of the metastasis. 
Similarly, metastasis size was correlated with frequencies of 
memory CD4+ T cells, CD8+ T cells and terminally differen-
tiated CD8+ TemRA cells. Indeed, correlation matrix anal-
ysis revealed very clearly coordinated and closely correlated 
elevations in LN + of pDC and CD14+ LNR- cDC activa-
tion and frequencies, and of terminal CD8+ emRA T- cell 
differentiation, Treg rates, T- cell activation and expression 
of CTLA- 4 and PD- 1 immune checkpoints. Thus, vulvar 
cancer seems to have its own selective myeloid regulatory 
mechanism in metastatic TDLN, in which it seems that all 
the ingredients (activated LNR- DC, T- cell attracting chemo-
kines, and activated effector memory T cells) are present 
for efficient tumor- specific T- cell priming as well as effector 
T- cell attraction, which should translate into improved clin-
ical outcome.12 20 This is reminiscent of the inflamed vulvar 
TME, marked by infiltration of inflammatory CD14+ APC 
together with Tbet+ (a sign for IFNγ production) T cells and 
Tregs, reported to be predictive of favorable outcome on 
immunotherapy.47 Nevertheless, this inflamed state appar-
ently could not curb metastatic growth in the TDLN, most 
likely due to accompanying immune suppressive features, 
like high expression of the immune checkpoints PD- 1 and 
CTLA- 4, increased Treg and mMDSC frequencies, release 
of potentially immune suppressive cytokines like IL- 6 and 
IL- 10, and IDO expression. Indeed, in one patient (patient 
25, see table 1), high and outlying levels of these combined 
inflammatory and suppressive features (see online supple-
mental figure S6) was associated with rapid tumor recur-
rence, within 1 month after surgery. This apparent immune 
suppression, keeping proinflammatory features in check, 
might explain the absence of measurable IFNγ or IL- 5 
release in LN+, even after stimulation with various TLR 
agonists, which contrasts to earlier observations in cervical 
TDLN23 and signals a profound suppressed state of the T 
cells. Moreover, the observed increased terminal differen-
tiation of CD8+ effector (emRA) T cells, may be a sign of 
T- cell replicative senescence, reported to be an unfavorable 
prognostic factor in cancer.48

We hypothesized a possible role for the immune check-
point IDO in mediating the observed T- cell suppression, 
based on the apparent correlations between Treg, CTLA- 
4+CD4+ T cells, and pDC rates. IDO+ pDC in mouse TDLN 
were shown to be able to induce T- cell suppression on 
CTLA- 4- mediated cross- talk with T cells.31 Similar to Théate 
et al,49 we were not able to detect IDO+ pDC (using marker 
CD123), however, we did observe prominent expression 
of IDO by other DC, for some of which we were able to 
establish their mature state by a spot- like CD68 expression, 
previously related to cDC maturation.32 33 This indicates a 
possible role for IDO in the microenvironment of vulvar 
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TDLN (both prior to and after metastasis), but mediated by 
mature cDC or, on metastasis, by the tumor cells themselves. 
Of note, for these IDO- expressing cDC this may still involve 
CTLA- 4- mediated cross- talk with CTLA- 4+ T cells and/or 
Tregs.50 The exact identification of these cDC awaits future 
analysis by multiplexed immunohistochemistry.

In conclusion, findings from this study have revealed 
possible immune escape mechanisms underlying initial 
metastasis and subsequent metastasis outgrowth in 
TDLN. The former may require early therapeutic inter-
vention through migratory cDC activation (eg, by TLR- L 
or cytokines) and/or local delivery of anti- CTLA- 4 for 
selective and optimal access to TDLN and effective Treg 
modulation. The latter may rather involve locally admin-
istered combined CTLA- 4 and PD- 1 blockade to both 
control Treg rates and release suppressive brakes on 
(early) effector T cells in the metastatic TDLN. Despite 
their mature and activated appearance, mobilized LNR- 
cDC in LN + don’t appear able to mount an effective 
T- cell response, which may be related to their expression 
of IDO; CTLA- 4 blockade may remedy this by blocking 
IDO- inducing Treg or CD4+CTLA- 4+ T- cell cross- talk. The 
proposed local neoadjuvant delivery of anti- CTLA- 4 or 
anti- PD- 1 for optimal access to, and immune modulation 
of, TDLN, therefore warrants further clinical exploration 
in an effort to halt metastatic spread and outgrowth in 
patients with vulvar cancer.
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