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Abstract

Background A causal link between microbiota composition (dysbiosis) and oncogenesis has been demonstrated for
several types of cancer. Neutrophils play a role in both immune protection against bacterial threats and carcinogene-

sis. This study aimed to characterise intratumoral bacteria in vulvar squamous cell carcinoma (VSCC) and their putative
effect on neutrophil recruitment and cancer progression.

Methods Clinical material was obtained from 89 patients with VSCC. Next-generation sequencing (NGS) of 16S rRNA
and quantitative polymerase chain reaction (qPCR) were used to detect bacterial species in VSCC. To verify neutrophil
activation, CD66b expression in tumour specimens was analysed by immunohistochemistry (IHC). Subsequently, IHC
was applied to detect the main neutrophil serine proteases (NSPs), cathepsin G (CTSG), neutrophil elastase (ELANE),
and proteinase 3 (PRTN3) in VSCC.

Results Fusobacterium nucleatum and Pseudomonas aeruginosa were identified as tumour-promoting bacteria, and
their presence was found to be associated with a shorter time to progression in VSCC patients. Furthermore, high
abundance of CD66b, the neutrophil activation marker, in VSCC samples, was found to relate to poor survival of
patients with VSCC. The selected NSPs were shown to be expressed in vulvar tumours, also within microabscess. The
increased numbers of microabscesess were correlated with poor survival in VSCC patients.

Conclusions Our results show that neutrophilic inflammation seem to be permissive for tumour-promoting bacteria
growth in VSCC. The findings provide new therapeutic opportunities, such as based on shifting the balance of neutro-
phil populations to those with antitumorigenic activity and on targeting NSPs produced by activated neutrophils at
the inflammation sites.
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Background

The human body is inhabited by the microbiota, that
is, bacterial, viral, and fungal populations composed of
approximately 30 trillion microbes, with the majority
residing in the gut. Gut colonization begins with vertical
transmission through ingestion of maternal microorgan-
isms by new-borns during vaginal births. More micro-
organisms are transferred by breastfeeding, moreover,
maternal milk provides substances promoting mutualist
microbes and restricting the growth of harmful microbes
in the infant [1]. The origin of the microorganisms that
populate the genital tract has been traced to the rectum
[2]. It is hypothesized that the vulva may constitute a
transition zone, from cutaneous commensals to the vagi-
nal microbiome with intestinal influences [3]. The inter-
actions of the microbiota with host cells within the body
ecosystems are critical for human health by affecting
multiple physiological functions, including interactions
of microbes with the immune system that shape host
immunity [4].

Dysbiosis, which occurs when an imbalance in the
composition of the microbiota results in overprolifera-
tion of harmful microbes, is associated with the patho-
genesis of several diseases, including cancer [1, 5]. The
microbiota can confer a carcinogenic effect by promot-
ing local oncogenic inflammation or systemic metabolic
and immune dysregulation [5]. The International Agency
for Cancer Research designated 11 microorganisms—
including human papillomavirus (HPV)—as carcinogens
[6], and these are known to contribute to approximately
15% of cancers [7]. However, it seems the significance of
microorganisms may be underestimated, as in dysbio-
sis, due to disrupted cooperation between normal cells
and beneficial microbes, the entire microbial ecosystems
may enhance cancer initiation and progression [8]. Dif-
ferent compositions of the intratumour microbiota were
revealed in various types of tumours, including breast
tumours that harbour a rich and diverse microbiota [9],
although breast cancer is commonly considered to arise
from aseptic tissue.

The healthy skin [10] and female reproductive tract are
inhabited by microbe communities [11], and these micro-
biota were examined in detail. However, the microbiota
of the vulva, being a transition between cutaneous epi-
thelium of the skin and the mucosa of the female urogen-
ital tract, remained essentially unexplored until a report
by Vongsa et al. [12]. According to this study, the vulvar
microbiota is dominated by the Lactobacillus flora. How-
ever, there are no specific data on the microbial tenants
in vulvar carcinoma examining the context of vulvar car-
cinogenesis. Previously, we have identified inflammation
as a major driver of the progression of vulvar carcinoma
and hypothesized that microflora disturbances may be
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the causative factor in vulvar cancer-related inflamma-
tion [13]. In this study, our objective was to character-
ize intratumoral bacteria in vulvar carcinoma using next
generation sequencing of 16S rRNA.

Methods

Patients

Clinical material was obtained from 89 randomly selected
patients treated for primary vulvar squamous cell carci-
noma (VSCC) (median age 70.8 years, rage 37.1-94.2)
at the Maria Sklodowska-Curie National Research Insti-
tute of Oncology in Warsaw, Poland and at the Holy-
cross Cancer Center in Kielce, Poland. Tumor stage was
assigned according to the 2009 International Federation
of Obstetrics and Gynecologists (FIGO) staging criteria
for vulvar carcinoma. Patients with microscopically con-
firmed VSCC with no distant metastases at both early
(54 FIGO stage 1, 3 FIGO stage II) and advanced stages
(32 FIGO stage III), operated between January 2002 and
December 2017 were enrolled. Patients with non-squa-
mous vulvar cancers were excluded. Median follow-up
time of the enrolled patients, determined from the date
of surgery to the date of death or the date of the last
interview was 39 months (range 1-207 months). Adju-
vant chemo- and/or radiotherapy as well as type and time
of recurrences were registered. Additionally, ten patients
with vulvar intraepithelial precancer lesions (eight with
high-grade squamous intraepithelial lesions, HSIL and
two with differentiated vulvar intraepithelial neopla-
sia, dVIN) and five with local recurrence were enrolled
at the two participating centres, in order to examine
whether the phenomena identified in primary VSCC are
also of relevance at both early and late stages of vulvar
carcinogenesis.

DNA isolation and HPV genotyping

Tissue samples were frozen in liquid nitrogen imme-
diately after collection and stored at—70 °C until DNA
isolation. The hematoxylin—eosin stained slides corre-
sponding to the collected snap-frozen tissues were ini-
tially reviewed by the gynaecological pathologist (EB-Z),
to whom the subsequent molecular and immunohisto-
chemical results were blinded. DNA was isolated from
approximately 50 mg of pulverised tumour samples
(with Microdismembrator II, B Braun Biotech Interna-
tional, Melsungen, Germany) using the NucloSpin Tis-
sue Kit (Macherey—Nagel, Diiren, Germany), according
to the manufacturer’s instructions. High-risk human
HPV (hrHPV) status was determined using the AmpliS-
ens HPV HCR-genotype-titre-FRT test (InterLabService
Ltd., Moscow, Russian Federation), which detects 14 high
risk HPV (hrHPV) genotypes, following the manufactur-
er’s instructions.
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16S rRNA next generation sequencing
The 16S hypervariable regions were amplified using the
16S Ion Metagenomics Kit (Life Technologies, Grand
Island, NY, USA). For each sample, two PCR reactions
were prepared, one for each primer set (V2-4-8 and V3-6,
V7-9) to amplify in total seven hypervariable regions (V2,
V3, V4, V6, V7, V8 and V9) of bacterial gene coding 16S
ribosomal RNA (16S rRNA) [14]. 16S rRNA is the com-
ponent of the small subunit of the bacterial ribosome.
The kit also includes additional primers allowing discrim-
ination between species belonging to highly homologous
genera such as Lactobacillus and Bacteroides that would
be indistinguishable using just 16S rRNA gene primers.
After the PCR reaction, equal volumes of amplicons
were pooled and then the amplification products were
purified using CleanNGS (CleanNA, Waddinxveen, The
Netherlands). The quantity of PCR product was meas-
ured using Qubit 2.0 (Invitrogen, USA) and dsDNA HS
Assay Kit (Life Technologies, Grand Island, NY, USA) to
calculate the input for library preparation. Subsequently,
60 ng of pooled amplicons were used to prepare the
library with the Ion Plus Fragment Library Kit and Ion
Xpress Barcode Adapters 1-96 Kit (Life Technologies,
Grand Island, NY, USA) according to the manufacturer’s
instructions. The products were purified again and then
qPCR was performed with the Ion Universal Library
Quantitation Kit (Life Technologies, Grand Island, NY,
USA) using the QuantStudio 5 Real-Time PCR System
(Applied Biosystems, USA). Real-time PCR results were
used to determine the library dilution factor. Each sample
was diluted to a concentration of 10 pM. Equal volumes
of diluted samples were combined and added to the Ion
Chef Instrument sample tube (Life Technologies, Grand
Island, NY, USA) to prepare them for sequencing per-
formed on the Ion GeneStudio' S5 (Thermo Fisher Sci-
entific, Waltham, MA, USA) using the Ion 520™ Chip Kit
(Life Technologies, Grand Island, NY, USA). Base calling
was performed using Torrent Suite version 5.12.1 (Life
Technologies, Grand Island, NY, USA).

Detection of microbes in VSCC samples by quantitative
polymerase chain reaction (qPCR)

Custom Microbial DNA qPCR Array plates (Qiagen,
Hilden, Germany) designed to target the 16 s rRNA gene
were used to test for the following 12 bacterial species:
Lactobacillus crispatus (cat. No. BPID00186A), Lac-
tobacillus gasseri (BPIDO0189A), Lactobacillus iners
(BPID0O0190A), Prevotella bivia (BPID00272A), Prevo-
tella disiens (BPID00276A), Fusobacterium nucleatum
(BPIDO0160A), Staphylococcus aureus (BPID00314A),
Gardnerella vaginalis (BPID00163A), Pseudomonas
aeruginosa  (BPID00288A),  Atopobium  vaginae
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(BPID00041A), Bacteroides fragilis (BPID0O0051A) and
Mobiluncus curtisii (BPID00219A) according to the man-
ufacturer’s instructions. Briefly, reactions were carried
out in QuantStudio 5 (Applied Biosystems) in a final vol-
ume of 10 pl reaction mix that included 10 ng of template
DNA. The baseline value for the cycle threshold (Ct) was
set at 8 to 20 cycles and the threshold at 0.2. The ‘Custom
Microbial DNA qPCR Array ID Data Analysis’ template
(Qiagen) was used to determine whether the qPCR Ct
values obtained for each target indicated a high positive
(+), low positive (+/—) or negative (—) signal. Positive
PCR control (PPC, cat. No. BPCL00365A), two posi-
tive bacterial control templates (Pan Bacteria 1, cat. No.
BPCLO00360A and Pan Bacteria 3, cat. No. BPCL00362A)
and the negative control (nuclease-free water) were
included in each run.

Immunohistochemical staining
The selected proteins were immunohistochemically
detected in formalin-fixed paraffin-embedded 4-pum sec-
tions of VSCC tumours. Specimens were deparaffinised
with xylene and rehydrated with decreasing concentra-
tions of ethanol (from 99 to 50%). Heat-induced epitope
retrieval was carried out in Target Retrieval Solution
(Dako, Glostrup, Denmark) for 30 min at 97 °C. After
cooling, the slides were treated for 5 min with an endog-
enous peroxidase blocker (Dako).

The slides were then incubated with the following
antibodies:

+ polyclonal against Lipid A of lipopolysaccharide
(LPS) (PA1-73,178, ThermoFisher Scientific), 1:50
dilution, 1 h at room temperature (RT),

» monoclonal against lipoteichoic acid (LTA) (MA1-
40134, ThermoFisher Scientific), 1:50 dilution, 1 h at
RT,

+ polyclonal against CD66b (ab214175, Abcam), 1:100
dilution, 1 h at RT,

+ polyclonal against CTSG (PA5-96373, ThermoFisher
Scientific), 1:50 dilution, overnight at 4 °C

+ polyclonal against ELANE (PA5-84738,
moFisher Scientific), 1:1000 dilution, 1 h at RT.

+ polyclonal PRTN3 antibody (HPA005938, Sigma-
Aldrich), 1: 200 dilution, 1 h at RT.

Ther-

The sections stained with LPS were then incubated
with horseradish peroxidase (HRP) labelled Donkey anti-
Goat IgG secondary antibody (H + L) (PA1-28664, Ther-
moFisher Scientific) at 1:4000 dilution for 30 min in RT.
The colour reaction products of LPS, LTA Cathepsin G,
CD66b and neutrophil elastase stainings were developed
with the Envision Detection System, EnVision FLEX+,
Mouse, High pH Detection System (Dako). Nuclear
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contrast was achieved with 20 second counterstaining
with haematoxylin (Dako). The analysis of the results was
performed using optical microscopy (x400).

Data processing and statistical analysis

Alpha diversity of microbial communities analysed by
NGS was calculated using Shannon index with diversity
function from vegan package (version 2.5-7) and dis-
played with R software (version 3.6.3). Hierarchical clus-
tering was performed with hclust function from the stats
package and visualized with heatmap.2 function from
gplots package (version 3.1.1). Ward linkage was used for
the clustering.

The presence/absence of bacterial species detected
by qPCR in the examined groups of vulvar tissues was
compared by Chi-square or the exact Fisher two-tailed
tests. Chi-square testing power was examined with pwr
library (version 1.3.0) in the R environment (version
4.1.1). Immunohistochemical results were compared
in the sample groups using the Kruskal-Wallis test, fol-
lowed by the Dunn multiple comparison post-test, and
significant alterations were indicated by asterisks (¥,
p-value <0.05; **, p-value<0.01; ***, p-value<0.001;
##x p-value <0.0001). The progression was defined as
local recurrence, regional lymph node recurrence, or
cancer-related death. Progression-free survival (PFS) was
determined from the date of surgery to the date of pro-
gression or the date of the last follow-up visit. Survival
analysis was performed using a Kaplan-Meier survival
analysis and the statistical significance was determined
by a log rank test (Mantel-Cox). These statistical analy-
ses were carried out using GraphPadPrism 6 (San Diego,
CA, USA). For all statistical analyses, the differences were
considered statistically significant at p <0.05.

Results

DNA isolated from 56 VSCC primary tumours was
subjected to next generation sequencing (NGS) of 18S
rRNA. Two samples were excluded from further analy-
sis because the patients were lost to follow-up. Addi-
tional five samples were eliminated due to the small
number of sequence reads for the 18S rRNA (generat-
ing less than 500 reads per sample). The remaining 49
tumours were obtained from patients with median age
of 71.2 years (rage 37.3-94.2) with VSCC at both early
(29 FIGO stage I, 2 FIGO stage II) and advanced stages
(18 FIGO stage III), and followed-up for a median of
36 months (range 1 to 133 months). The samples were
obtained from patients who progressed (designated
“progVSCC” n=24) and from those who were disease-
free (“d-fVSCC”, n=25) during follow-up. The sam-
ples were stratified as positive for hrHPV (hrHPV +,
n=27) and negative for hrHPV (hrHPV-, n=20); in
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two tumours the status of hrHPV was not determined.
In this sample set, NGS generated a median of 16,382
reads per sample (1Q-3Q: 9491-25014). A median
of 41 operational taxonomic units (OTUs) per sam-
ple was observed. The median number of OTUs was
lower in progVSCC tumours than in d-fVSCC tumours
(40.50 vs 44, respectively) and equal (40) in tumours
positive and negative for hrHPV.

The hierarchical clustering based on the abundance
of family (Additional file 1: Fig. S1) and genera or spe-
cies (data not shown) in VSCC did not indicate specific
clusters for either clinical tumour types (d-fVSCC and
progVSCC) or the status of tumour hrHPV. Our results
also showed no significant differences between the two
clinical tumour types or hrHPV statuses in overall alpha
diversity, as measured by the Shannon index, which
reflects species numbers and evenness of species abun-
dance (Additional file 2: Fig. S2).

Based on a combination of next-generation sequenc-
ing data on the abundance of bacterial species in VSCC
obtained in this study with the results of our previous
work [13] and a review of literature data on bacteria in
the female reproductive tract linked to gynaecological
cancers [15], we selected 12 bacterial targets to be ana-
lysed in a qPCR array. The presence of these species in
vulvar tissue samples was examined in patients with pre-
malignant vulvar lesions (HSIL, n=7 and dVIN, n=2),
primary VSCC (n=48, followed-up for a median of
39 months), and healthy women (n=12) who under-
went routine plastic surgery of the reproductive organ, as
described previously [13]. The Chi-square test revealed
a statistically significant difference between the results
obtained (high positive and low positive versus negative
qPCR signal) in the three sample groups for two bacterial
species, namely Fusobacterium nucleatum and Mobilun-
cus curtisii (p=0.005 and 0.031 respectively). The rela-
tively low sample number, especially of control samples,
was found sufficient to detect large effects (w=0.5) with
high power (pwr=0.85) and medium effects (w=0.3)
with medium power (pwr=0.44). Next, we looked at the
survival curves of patients with primary VSCC tumours
classified by the high-positive versus low-positive and
negative qPCR signal for the bacterial species analysed.
The main clinical data of these patients are provided in
Additional file 6: Table S1. The abundance of Fusobacte-
rium nucleatum and Pseudomonas aeruginosa was found
to be related to a shorter time to progression (23 vs 101
and 9 vs 101 moths, respectively) (Fig. 1). Fisher’s exact
two-tailed test revealed no statistical differences between
the groups positive for hrHPV (n=27) and negative for
hrHPV (n=20) of VSSC tumours in terms of the pres-
ence of 12 bacterial species examined.
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Fig. 1 Survival curves (time to progression) of patients with primary VSCC (n =48) according to the presence of Fusobacterium nucleatum (A) and

Pseudomonas aeruginosa (B) in tumours. PFS progression-free survival

In order to visualize intratumoral bacteria populations,
we performed IHC staining using antibodies against
bacterial lipopolysaccharide (LPS) and lipoteichoic acid
(LTA) to detect Gram-negative and Gram-positive bac-
teria, respectively. Due to the particle sizes stained with
LPS and LTA (see Additional file 3: Fig. S3), we assumed
that the staining images were of phagocytised bacterial
components rather than live bacteria. To verify neutro-
phil activation, the most abundant phagocytes in humans
known for their ability to engulf and eliminate bacterial
pathogens, we performed neutrophil IHC staining with
anti-CD66b antibody, as well as main neutrophil serine
proteases’ (NSP) staining with anti -CTSG (cathepsin G),
-ELANE (neutrophil elastase) and -PRTN3 (proteinase
3) antibodies in VSCC samples. These NSPs produced
by activated neutrophils at inflammation sites play an
important role in immune protection against bacterial
threats [16].

Cytoplasmic CD66b staining was found in both scat-
tered tumour-associated neutrophils (TANs) and TANs
in circumscribed aggregates of white blood cells, termed
microabscesses (visible in Fig. 2B). The observed num-
bers of CD66b-positive TAN suggest their increased
count during VSCC progression (Fig. 2C). The survival
curves of the two groups of patients with primary VSCC
tumours classified by the percentage of CD66b + neutro-
phils are shown in Fig. 2D. Median disease-free survival
rates were 101 and 5 months in patients with low and
higher percentages of CD66b + neutrophils, respectively.

Immunohistochemical staining demonstrated the pres-
ence of CTSG in virtually all examined VSCC samples
(Fig. 3). This neutrophil serine protease was observed
in all neutrophils and, to a lesser extent, in plasmocytes
and macrophages. Granular cytoplasmic positivity for
cathepsin G in neutrophils was localised to the tumour
surface, microabscesses, or histological ulceration.

Semiquantitative CTSG scoring (0-3) suggested an
increase in neutrophil counts and a decrease in plasmo-
cyte counts during the course of VSCC, however, this
observation did not reach statistical significance (Addi-
tional file 4: Fig. S4).

Granular cytoplasmic staining of ELANE (Fig. 4)
was found in neutrophils within cancer crypts, ulcers,
inflammatory infiltrates and microabscesses in most of
the tumours examined (89% of primary VSCC, 48/54).
Although not statistically significant, there was a notion,
based on the semiquantitative ELANE score (0-3) in the
examined sample set, that the number of ELANE + neu-
trophils may increase during vulvar carcinogenesis
(Additional file 1: Fig. S5).

Cytoplasmic staining of PRTN3, the last of the neutro-
phil serine proteases examined, was observed in neoplas-
tic cells, macrophages, and lymphocytes as previously
described [13] (Fig. 5). A major subset of PRTN3 stained
VSCC samples (n=64) was taken from that study. The
survival curves of patients with primary VSCC tumours
categorised by the number of PRTN3 positive cancer
cells (undefined PFS vs median disease-free survival of
15 months in patients with low and higher percentage
of PRTN3-positive cells, respectively) and macrophages
(median disease-free survival of 116 vs 26 months in
patients with low and higher percentage of PRTN3-posi-
tive cells, respectively) are shown in Fig. 6C and D.

Finally, our attention was drawn to the histological
microabscesses in VSCC. We observed well-developed
microabscesses separated from the surrounding tissue
by a membrane. The stainings of CD66b and NSP within
the microabscess confirmed the accumulation of neutro-
phils, a histological hallmarks of neutrophilic microab-
scesses. The number of microabscesses within tumours
appeared to increase during disease progression and,
importantly, was correlated with the time to progression
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Fig. 2 Neutrophils in precancer lesions and VSCC tumours. Examples of immunohistochemical CD66b staining performed on tissue sections of
VSCC tumours; images taken at x 20 A and x 40 B magnifications. The percentage of CD66b + neutrophils (C), in samples of vulvar precancer
(HSIL, n=7;dVIN, n=1), d-fVSCC (n=39), progVSCC (n=29) and vulvar recurrence (n=4). Survival curve (time to progression) according to
the proportion of CD66b + neutrophils (D) in primary VSCC tumours (n=67). PFS progression-free survival; < 95% and > 95%, proportions of
CD66b + neutrophils
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Fig. 3 Examples of immunohistochemical CTSG staining performed on tissue sections of VSCC tumour. CTSG positive inflammatory cells in the
stroma (A) and within the microabscess (B). Images taken at x 20 (A) and x 40 (B) magnifications
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Fig. 5 Immunohistochemical analysis of PRTN3 in VSCC. An example of PRTN3 staining performed on the tumour tissue section, image taken
at x 20 magnification (A). The percentage of PRTN3 positive neoplastic cells in vulvar precancers (HSIL; n=6 and dVIN; n=2), d-fVSCC (n=42),
progVSCC (n=40) and recurrent VSCC (n=4) (B). Survival curves (time to progression) according to the proportion of PRTN3 positive cancer
cells (€) and macrophages (D) in primary VSCC tumours (n =64). PFS progression-free survival, < 3% and > 3%, proportions of PRTN3 4 cancer
cells, < 15% and > 15%, proportions of PRTN3 + macrophages

(Fig. 6). Patients with primary VSCC with no microab- Discussion

scesses had a median disease-free survival of 116 months ~ Current knowledge on the molecular biology of VSCC is
as compared to 14 months in a group with higher count  scarce. In recent years, new treatments that could exploit
of microabscesses in the tumours. the virology of HPV and/or enhance the host immune
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Fig. 6 Tissue microabscesses in vulvar precancers and VSCC. Numbers in precancer tissues (HSIL, n=5; dVIN, n=2) and tumour tissues (d-fVSCC,
n=32; progVSCC, n=30) (A). Survival curves (time to progression) according to the number of microabscesses (B) in primary VSCC tumours
(n=064). CT microabscesses number per low power field (mean of three counts), PFS progression-free survival

response have been proposed, but there is still a paucity
of clinical trials in VSCC [17]. Additionally, the indi-
vidualisation of currently available treatment modalities
is hampered by the lack of reliable prognostic factors
approved for clinical practice. The FIGO staging was
shown not to be fully correlated with the prognosis of
patients with VSCC [18]. Even the tumour-free patholog-
ical resection margin at a distance of <8 mm, long con-
sidered a significant risk factor for vulvar recurrence, has
been challenged as associated with local recurrence [19].
Patients with multiple positive regional lymph nodes
benefit from adjuvant radiation therapy after surgery, but
in patients with a single positive lymph node, the sur-
vival benefit still remains debatable [20-22]. Likewise,
the role of adjuvant chemoradiotherapy in patients with
lymph node involvement, as well as of neoadjuvant treat-
ment modalities in advanced cases of VSCC, is not well
defined.

Previously, we have reported that microflora altera-
tions can contribute to vulvar cancer progression [13],
suggesting new approaches to be considered in the devel-
opment of therapies for patients with VSCC. Previous
studies on cervical cancer revealed a causal link between
vaginal dysbiosis and cervical oncogenesis, as well as the
notion that dysbiosis constitutes a risk factor for both
HPV acquisition and persistence [15, 23, 24]. In this
study, our objective was to identify vulvar intratumour
bacteria that could contribute to cancer progression.
However, using 16S rRNA next generation sequencing,
we did not determine significant changes in the compo-
sition of bacterial families, genera or species that would
certainly be associated with the progression of VSCC.
Neither the bacterial composition was clearly distributed
by the status of the hrHPV infection. However, in a tar-
geted analysis of the 12 bacterial species by qPCR, the

presence of Fusobacterium nucleatum and Pseudomonas
aeruginosa was revealed to be related to a shorter time
to disease progression in patients with VSCC. E nuclea-
tum, an anaerobic Gram-negative bacterium, inhabits the
oral cavity and the gastrointestinal and genital tracts. E
nucleatum was reported to be overabundant in several
types of cancers and to promote metastasis [25]. The high
intratumoral burden of E nucleatum corresponds to poor
survival rates in patients with cervical carcinoma [26].
Intriguingly, this high burden has been reported to occur
mutually exclusive to HPV infection in head and neck
tumours [27]. In the mouse model of colorectal neopla-
sia, Fusobacteria were shown to recruit tumour-infil-
trating myeloid cells and generate a pro-inflammatory
microenvironment conducive to progression [28]. P aer-
uginosa, another bacterium that, as our study suggests,
contributes to the progression of VSCC, is a ubiquitous
aerobic Gram-negative bacterium and an opportunistic
pathogen [29]. Many anaerobic bacterial species, includ-
ing facultatively anaerobic P aeruginosa, infiltrate the
hypoxic regions of tumours, hence the notion of bacteria-
mediated cancer treatment [30]. In a study of the cervical
microbiota in different HPV infection statuses in cyto-
logically normal women, E nucleatum was found to be
associated with baseline HPV positivity, while P aerugi-
nosa had a relatively higher abundance in HPV-negative
women [31]. Our data (not shown) did not reveal asso-
ciations between hrHPV status and the presence of these
two bacterial species in vulvar tumours.

Neutrophils are the first cells to respond to inflamma-
tory or infectious conditions. After trafficking into tis-
sues, neutrophils promote the clearance of extracellular
bacterial pathogens. During inflammation, activated
neutrophils release neutrophil serine proteases (NSPs)
that contribute to antibacterial responses. Neutrophils
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affect carcinogenesis, however, because of their plastic-
ity and heterogeneity they may play both protective and
damaging roles, including the acceleration of metastatic
spread [32-34]. The accumulation of TAN has been asso-
ciated with an unfavourable prognosis in many cancers
[35]. Our study adds to the evidence that TANs, known
to promote cancer progression, are also associated with
VSCC carcinogenesis. A high abundance of CD66b, the
neutrophil activation marker, was found to be associated
with poor survival in our cohort of patients with VSCC,
suggesting that neutrophils polarise towards a pro-
tumorogenic N2-like phenotype in VSCC.

Neutrophils are the main type of immune cells that, fol-
lowing infection, participate in the formation of microab-
scesses. In a recent analysis of the proteomic components
of different abscess regions [36], neutrophil surface
markers and multiple neutrophil-specific antimicrobial
factors—including CTSG and ELANE—were detected
in the abscess at the host—pathogen interface. We found
that microabscesses can occur in VSCC and that their
increased counts correlate with disease progression. It
can be hypothesised that acquired N2-like phenotype
TANs exhibit impaired bactericidal activity and are per-
missive for the survival of vulvar cancer cells. In addition,
these mechanisms may be fuelled by multiple bacterial
strategies to counteract antimicrobial immune func-
tions. These strategies include manipulation of neutro-
phil degranulation [37]. Indeed, both E nucleatum and P
aeruginosa were confirmed to mediate the degranulation
processes and release of ELANE [38, 39].

As granular neutrophil components, NSPs are known
to play key antibacterial roles in phagocytosis, exocyto-
sis (degranulation), and NETosis (release of extracellular
traps by neutrophils) [16]. However, accumulating evi-
dence shows that a variety of neutrophil effector mech-
anisms, on top of those of NSPs, may be exploited for
tumour promotion [34]. We have shown the main neu-
trophil serine proteases: CTSG, ELANE, and PRTN3
in VSCC specimens. In this study, the proportion of
PRTN3-positive cancer cells and macrophages was asso-
ciated with a shorter time to progression in patients
with VSCC). In summary, our data underline an impor-
tant role for bacterial colonisation in the promotion of
VSCC by disturbing the interactions between infiltrating
immune cells, especially neutrophils, and tumour cells.

Conclusions

In conclusion, although the NGS results did not sup-
port the notion of global changes in the VSCC micro-
biota to participate in cancer promotion, based on our
targeted bacterial detection, we postulate that Fusobac-
terium nucleatum and Pseudomonas aeruginosa species
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might enhance vulvar carcinoma progression. Yet, fur-
ther research, with larger independent sample sets, is
warranted to verify this assumption. We demonstrated
that neutrophilic inflammation in the VSCC environ-
ment is permissive of tumour colonising bacteria and
supports cancer progression. This study reveals target-
ing neutrophils as a new possible treatment option to
be developed for VSCC patients. Potential approaches
include blocking neutrophil recruitment to tumours,
activating antitumor or silencing protumour neutrophil
functions through multiple means, such as targeting
neutrophil extracellular traps’ (NET) formation mecha-
nisms or harnessing granule components, such as NSPs
(35, 40].

Abbreviations

Ct Cycle threshold
CTSG Cathepsin G
dVIN Differentiated vulvar intraepithelial neoplasia

ELANE Neutrophil elastase

FIGO The International Federation of Obstetrics and Gynecologists
hrHPV High risk HPV

HPV Human papillomavirus

HSIL High-grade squamous intraepithelial lesions
LPS Lipopolysaccharides

LTA Lipoteichoic acid

NET Neutrophil extracellular trap

NETosis Release of extracellular traps by neutrophils
NGS Next generation sequencing

NSP Neutrophil serine protease

OTuU Operational taxonomic units

PFS Progression-free survival

pwr Power

PRTN3 Proteinase 3

gPCR Quantitative polymerase chain reaction
TAN Tumour-associated neutrophil

w Effect size

VSCC Vulvar squamous cell carcinoma

progVSCC  Patients who progressed

d-fVSCC  Disease-free patients during follow-up

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512967-023-04113-7.

Additional file 1: Fig. S1. Comparison of the VSCC microbiota at the
family level using heat-map analysis. The progVSCC and d-fVSCC samples
are depicted in the top line in brown and turquoise colours, respec-
tively. The hrHPV + and hrHPV— sample statuses are marked in red and
purple, respectively. The relative abundance of each bacterial family was
also represented by a colour; red indicates a high proportion and blue
indicates a low abundance. Hierarchical clustering of the VSCC microbiota
was performed using the Ward linkage of the upper quartile of the most
represented OTUs.

Additional file 2: Fig. S2. Analysis of the alpha diversity in d-fVSCC com-
pared to progVSCCand hrHPV- compared to hrHPV 4 VSCC tumours.

Additional file 3: Fig. S3. LPSand LTAstaining of VSCC tumours. Images
taken at x 40 magnification.

Additional file 4: Fig. S4. Semiquantitative CTSG scoring results in
neutrophilsand plasmocytesin vulvar precancers, d-fVSCC, progVSCCand
recurrent VSCC.



https://doi.org/10.1186/s12967-023-04113-7
https://doi.org/10.1186/s12967-023-04113-7

Rustetska et al. Journal of Translational Medicine (2023) 21:285

Additional file 5: Fig. S5. Semiquantitative ELANE scores in neutrophils
in vulvar precancers (HSIL; n = 5 and dVIN; n = 2), d-fVSCC (n = 31), prog-
VSCC (n = 31) and recurrent VSCC (n = 5).

Additional file 6: Table S1.

Acknowledgements
Not applicable.

Author contributions

NR carried out the research and drafted the manuscript. MSz carried out
the research. KG performed the data analysis. EB-Z performed histological
evaluation of the samples. AK conceived the study and participated in the
data analysis. MF and SG participated in the clinical specimen collection and
analysis. MK conceived the study, participated in the data analysis, drafted,
reviewer and edited the manuscript. All authors read and approved the final
manuscript.

Funding
The work supported by the Foundation of Count Jakub Potocki, Grant Num-
ber UMO-103/21.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

The approval of the research ethics board was received for the study with
institutional authorisation of the Maria Sklodowska-Curie National Research
Institute of Oncology (No. 44/2002, 16/2015) and Holycross Cancer Center (No.
15/2014).

Consent for publication
All authors agreed with submission of the manuscript for publication and
agree to be accountable for all aspects of the manuscript.

Competing interests
The authors have no conflicts of interest declare.

Author details

'Department of Molecular and Translational Oncology, Maria Sklodowska-
Curie National Research Institute of Oncology, 02-781 Warsaw, Poland.
’Department of Molecular Diagnostics, Holycross Cancer Centre,

25-734 Kielce, Poland. *Genomics Core Facility, Centre of New Technologies,
University of Warsaw, 02-097 Warsaw, Poland. *Department of Pathology,
Maria Sklodowska-Curie National Research Institute of Oncology, 02-781 War-
saw, Poland. °Department of Gynecologic Oncology, Maria Sklodowska-Curie
National Research Institute of Oncology, 02-097 Warsaw, Poland. ®Divi-

sion of Medical Biology, Institute of Biology, Jan Kochanowski University,
25-406 Kielce, Poland. ’Department of Clinical Oncology, Holycross Cancer
Centre, 25-734 Kielce, Poland. ®Collegium Medicum, Jan Kochanowski Univer-
sity, 25-317 Kielce, Poland.

Received: 6 October 2022 Accepted: 9 April 2023
Published online: 28 April 2023

References

1. Wasielewski H, Alcock J, Aktipis A. Resource conflict and cooperation
between human host and gut microbiota: implications for nutrition and
health. Ann N'Y Acad Sci. 2016;1372:20-8.

2. Amabebe E, Anumba DOC. Female gut and genital tract microbiota-
induced crosstalk and differential effects of short-chain fatty acids on
immune sequelae. Front Immunol. 2020;11:2184.

3. Pagan L, Ederveen RAM, Huisman BW, Schoones JW, Zwittink RD,
Schuren FHJ, Rissmann R, Piek JMJ, van Poelgeest MIE. The human vulvar

14.

20.

21

22.

23.

24.

25.

Page 10 of 11

microbiome: a systematic review. Microorganisms. 2021. https://doi.org/
10.3390/microorganisms9122568.

Zheng D, Liwinski T, Elinav E. Interaction between microbiota and immu-
nity in health and disease. Cell Res. 2020;30:492-506.

Picardo SL, Coburn B, Hansen AR. The microbiome and cancer for clini-
cians. Crit Rev Oncol Hematol. 2019;141:1-12.

Cancer IAfRo. Monographs on the evaluation of carcinogenic risks to
humans, volume 100. A review of carcinogen—~Part B: biological agents.
Lyon; 2011.

Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S. Global
burden of cancers attributable to infections in 2012: a synthetic analysis.
Lancet Glob Health. 2016;4:e609-616.

Whisner CM, Athena Aktipis C. The role of the microbiome in cancer
initiation and progression: how microbes and cancer cells utilize excess
energy and promote one another’s growth. Curr Nutr Rep. 2019;8:42-51.
Nejman D, Livyatan |, Fuks G, Gavert N, Zwang Y, Geller LT, Rotter-Maskow-
itz A, Weiser R, Mallel G, Gigi E, et al. The human tumor microbiome

is composed of tumor type-specific intracellular bacteria. Science.
2020;368:973-80.

. Oh J, Byrd AL, Park M, Program NCS, Kong HH, Segre JA. Temporal stability

of the human skin microbiome. Cell. 2016;165:854-66.

. Agostinis C, Mangogna A, Bossi F, Ricci G, Kishore U, Bulla R. Uter-

ine immunity and microbiota: a shifting paradigm. Front Immunol.
2019;10:2387.

. Vongsa R, Hoffman D, Shepard K, Koenig D. Comparative study of vulva

and abdominal skin microbiota of healthy females with high and average
BMI. BMC Microbiol. 2019;19:16.

. Fatalska A, Rusetska N, Bakula-Zalewska E, Kowalik A, Zieba S, Wroblewska

A, Zalewski K, Goryca K, Domanski D, Kowalewska M. Inflammatory
proteins HMGA2 and PRTN3 as drivers of vulvar squamous cell carcinoma
progression. Cancers (Basel). 2020. https://doi.org/10.3390/cancers130
10027.

Sarda S MD, Shin H, McGeachy A, Drews B, Lee W, Gottimukkala RK, Au-
Young J, M. Hyland FM. Characterization of gut microbiota and identifica-
tion of key bacterial species associated with immune response using a
new lon Torrent next-generation sequencing assay. In AACR Annual Meet-
ing 2020, vol. Abstract 3347. Philadelphia, USA: Cancer Research; 2020.

. Laniewski P, llhan ZE, Herbst-Kralovetz MM. The microbiome and gynae-

cological cancer development, prevention and therapy. Nat Rev Urol.
2020;17:232-50.

. Stapels DA, Geisbrecht BV, Rooijakkers SH. Neutrophil serine proteases in

antibacterial defense. Curr Opin Microbiol. 2015;23:42-8.

. Clancy AA, Spaans JN, Weberpals JI. The forgotten woman'’s cancer: vulvar

squamous cell carcinoma (VSCC) and a targeted approach to therapy.
Ann Oncol. 2016;27:1696-705.

. S.K: Proposed changes in the FIGO staging of Vulvar Cancer. In FIGO

World Congress 2018. Rio de Janeiro, Brasil 2018.

. Woelber L, Griebel LF, Eulenburg C, Sehouli J, Jueckstock J, Hilpert F, de

Gregorio N, Hasenburg A, Ignatov A, Hillemanns P, et al. Role of tumour-
free margin distance for loco-regional control in vulvar cancer-a subset
analysis of the Arbeitsgemeinschaft Gynakologische Onkologie CaRE-1
multicenter study. Eur J Cancer. 2016;69:180-8.

Homesley HD, Bundy BN, Sedlis A, Adcock L. Radiation therapy versus pel-
vic node resection for carcinoma of the vulva with positive groin nodes.
Obstet Gynecol. 1986;68:733-40.

Mahner S, Jueckstock J, Hilpert F, Neuser P, Harter P, de Gregorio N, Hasen-
burg A, Sehouli J, Habermann A, Hillemanns P, et al. Adjuvant therapy in
lymph node-positive vulvar cancer: the AGO-CaRE-1 study. J Natl Cancer
Inst. 2015. https://doi.org/10.1093/jnci/dju426.

Xanthopoulos EP, Grover S, Puri PM, Corradetti MN, Heilbroner SP, Mitra N,
Simone CB 2nd, Lin LL. Survival benefit of adjuvant radiation therapy in
node-positive vulvar cancer. Am J Clin Oncol. 2018;41:845-50.

Brusselaers N, Shrestha S, van de Wijgert J, Verstraelen H. Vaginal dysbiosis
and the risk of human papillomavirus and cervical cancer: systematic
review and meta-analysis. Am J Obstet Gynecol. 2019,221(9-18): e18.
Norenhag J, Du J, Olovsson M, Verstraelen H, Engstrand L, Brusselaers N.
The vaginal microbiota, human papillomavirus and cervical dysplasia: a
systematic review and network meta-analysis. BJOG. 2020;127:171-80.
Alon-Maimon T, Mandelboim O, Bachrach G. Fusobacterium nucleatum
and cancer. Periodontol. 2000;2022(89):166-80.


https://doi.org/10.3390/microorganisms9122568
https://doi.org/10.3390/microorganisms9122568
https://doi.org/10.3390/cancers13010027
https://doi.org/10.3390/cancers13010027
https://doi.org/10.1093/jnci/dju426

Rustetska et al. Journal of Translational Medicine

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

(2023) 21:285

Huang ST, Chen J, Lian LY, Cai HH, Zeng HS, Zheng M, Liu MB. Intratu-
moral levels and prognostic significance of Fusobacterium nucleatum in
cervical carcinoma. Aging (Albany NY). 2020;12:23337-50.

Desai S, Dharavath B, Manavalan S, Rane A, Redhu AK, Sunder R, Butle A,
Mishra R, Joshi A, Togar T, et al. Fusobacterium nucleatum is associated
with inflammation and poor survival in early-stage HPV-negative tongue
cancer. NAR Cancer. 2022;4:zczc006.

Kostic AD, Chun E, Robertson L, Glickman JN, Gallini CA, Michaud M,
Clancy TE, Chung DC, Lochhead P, Hold GL, et al. Fusobacterium nuclea-
tum potentiates intestinal tumorigenesis and modulates the tumor-
immune microenvironment. Cell Host Microbe. 2013;14:207-15.
Moradali MF, Ghods S, Rehm BH. Pseudomonas aeruginosa lifestyle: a para-
digm for adaptation, survival, and persistence. Front Cell Infect Microbiol.
2017;7:39.

Drozdz M, Makuch S, Cieniuch G, Wozniak M, Ziolkowski P. Obligate and
facultative anaerobic bacteria in targeted cancer therapy: current strate-
gies and clinical applications. Life Sci. 2020;261: 118296.

Ritu W, Engi W, Zheng S, Wang J, Ling Y, Wang Y. Evaluation of the
associations between cervical microbiota and HPV infection, clearance,
and persistence in cytologically normal women. Cancer Prev Res (Phila).
2019;12:43-56.

Kos K, de Visser KE. Neutrophils create a fertile soil for metastasis. Cancer
Cell. 2021;39:301-3.

Rogers T, DeBerardinis RJ. Metabolic plasticity of neutrophils: relevance to
pathogen responses and cancer. Trends Cancer. 2021;7:700-13.

Burn GL, Foti A, Marsman G, Patel DF, Zychlinsky A. The neutrophil. Immu-
nity. 2021;54:1377-91.

Raskov H, Orhan A, Gaggar S, Gogenur I. Neutrophils and polymorpho-
nuclear myeloid-derived suppressor cells: an emerging battleground in
cancer therapy. Oncogenesis. 2022;11:22.

Guiberson ER, Weiss A, Ryan DJ, Monteith AJ, Sharman K, Gutierrez DB,
Perry WJ, Caprioli RM, Skaar EP, Spraggins JM. Spatially targeted proteom-
ics of the host-pathogen interface during staphylococcal abscess forma-
tion. ACS Infect Dis. 2021;7:101-13.

Eichelberger KR, Goldman WE. Manipulating neutrophil degranulation as
a bacterial virulence strategy. PLoS Pathog. 2020;16: €1009054.

Alyami HM, Finoti LS, Teixeira HS, Aljefri A, Kinane DF, Benakanakere MR.
Role of NOD1/NOD2 receptors in Fusobacterium nucleatum mediated
NETosis. Microb Pathog. 2019;131:53-64.

Laucirica DR, Schofield CJ, McLean SA, Margaroli C, Agudelo-Romero

P, Stick SM, Tirouvanziam R, Kicic A, Garratt LW, Western Australian
Epithelial Research P, Australian Respiratory Early Surveillance Team for CF.
Pseudomonas aeruginosa modulates neutrophil granule exocytosis in an
in vitro model of airway infection. Immunol Cell Biol. 2022;100:352-70.
Furumaya C, Martinez-Sanz P, Bouti P, Kuijpers TW, Matlung HL. Plasticity
in pro- and anti-tumor activity of neutrophils: shifting the balance. Front
Immunol. 2020;11:2100.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The intratumour microbiota and neutrophilic inflammation in squamous cell vulvar carcinoma microenvironment
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patients
	DNA isolation and HPV genotyping
	16S rRNA next generation sequencing
	Detection of microbes in VSCC samples by quantitative polymerase chain reaction (qPCR)
	Immunohistochemical staining
	Data processing and statistical analysis

	Results
	Discussion
	Conclusions
	Anchor 18
	Acknowledgements
	References


