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The female lower vaginal tract has long been known to have an active microbiota,
with Lactobacilli genus representing the prevalent species, and alterations in the
vaginal microbiota are known to play a role in different pathological conditions,
including bacterial vaginosis, sexually transmitted diseases, HPV persistence, and
cervical cancer.

By contrast, the uterus was considered sterile until recently, when the advent of
next-generation sequencing (NGS) technologies identified a unique uterine micro-
biota differing from that of the vagina.'

The uterine bacterial load is estimated to be 100-10,000-times lower than that of
the vaginal microbiome, and, contrary to the vaginal and cervix microbiota, uterine
bacteria grow in mildly alkaline conditions, contrasting to the Lactobacillus-domi-
nated low pH environment of the vagina.’

The microbiota in the uterus can derive from ascension via the cervix, or migrate to
the uterus via the haematogenous spread, via the sperm, and other routes (e.g., retro-
grade spread through the fallopian tubes or gynaecological procedures).'*

Although the exact role and mechanisms of micro-organisms in the uterus are
unclear, recent studies suggest that microbiota could affect uterine receptivity,
influencing endometrium fertility.

In addition, uterine microbiota composition has been associated with several
gynecological conditions, including endometriosis, dysfunctional menstrual bleed-
ing, and cancer.>”> In particular, the simultaneous presence of Atopobium vaginae
and Porphyromonas species resulted particularly significant in endometrial cancer.’
Uterine colonization with bacterial vaginosis-associated bacteria has been sug-
gested to promote carcinogenesis through microbiota-mediated pathophysiologic
changes.® Nevertheless, a cause-effect relationship has not been established yet.
These studies provided a starting point to understand uterine physiology in health
and disease, but there is currently a need for studies investigating host-microbiota
interactions, to understand the impact of the micro-organisms on the local endo-
metrial microenvironment.

Based on this, our study was aimed to analyze in vitro the effect of 4. vaginae and
P. somerae on endometrial cells, focusing on the expression of pro-inflammatory
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cytokines, being those implied in the establishment of an
inflammatory environment potentially favoring the onset/
progression of endometrial cancer.

To this purpose, the human HEC-1A endometrial ade-
nocarcinoma cells (ATCC HTB-112, cultured in McCoy’s
5a Medium Modified additioned with 10% fetal bovine
serum) were co-cultured in the presence or absence of the
following bacterial strains: Atopobium vaginae (ATCC-
BAA-55), Porphyromonas somerae (ATCC-BAA-1230)
and Lactobacillus vaginalis (ATCC-49540). Prior to co-
culture, each bacterial species was amplified in blood-agar
plates in anaerobic conditions (Thermo Fisher Scientific,
Milan, Italy), and culture conditions were tested to ascer-
tain viability of endometrial and bacterial cells, verified
respectively by cell count after Trypan Blue exclusion and
CFU count on blood agar plates. Based on the obtained
data (Table S1), HEC-1A cells were cultured with bacter-
ial cells in a 5% CO, atmosphere, a condition preserving
the optimal viability of eukaryotic cells and maintaining
most of bacteria alive. HEC-1A cells were thus seeded at
optimal density in 6 wells plates (5x10° cells/well), and
the day of infection the culture medium was replaced with
complete McCoy’s medium without antibiotics for bacter-
ial co-culture. A single bacterial colony of 2 mm of dia-
meter (containing about 2x10° bacterial cells, as measured
by CFU count after serial dilution) for each bacterial
species was suspended in 1 mL of complete antibiotic-
free McCoy’s medium and 250 pl of suspension were
added to each well (final bacteriazhuman cells ratio,
10:1). Different co-culture conditions were tested, namely:
control uninfected cells; cells monoinfected with single
alive or killed bacterial species (obtained by 3 cycles of
sonication at maximum power for 30 seconds), or with a
combination of alive or killed 4. vaginae and P. somerae
species. Cells and cell supernatant were collected after 24,
48 and 72 hrs post infection (h.p.i.), and analyzed for
proinflammatory cytokine expression and release.

Briefly, cytokine release was first analyzed in cell
culture supernatant by a multi-analyte qualitative ELISA
assay identifying 12 different cytokines, including IL1a,
IL1B, IL2, IL4, IL6, IL8, IL10, IL12, IL17a, IFNy, TNFa
and GM-CSF (Qiagen, Hilden, Germany).

The results showed that 24 h of co-culturing with A.
vaginae and P. somerae was a sufficient time to induce an
evident release of proinflammatory cytokines by human
endometrial cells, as judged by ELISA results obtained on
cultural supernatant. Interestingly, the cytokine panel was
different for A. vaginae and P. somerae compared to

L. vaginalis, used as a control (Figure S1). In fact, while
Lactobacillus induced only IL-8, Atopobium and/or
Porphyromonas did not induce IL-8 but promoted the
release of IL1a, IL1PB, IL17a, and TNFa. The cytokine
production was observable also at later experimental
times, without significant further increase in the total
amount produced, suggesting a specific kinetic of cytokine
induction, or a gradual loss of bacterial ability to induce
cytokines, as A. vaginae and P. somerae, are facultative
and obligate anaerobes, respectively, and might survive
hardly for longer times in the culture conditions used for
co-culture experiments. However, killed bacteria used as a
control were not inducing any cytokine release since the
beginning of the experiment, confirming that alive A.
vaginae and P. somerae bacteria were needed to stimulate
cytokine production in endometrial cells.

Each altered cytokine, as resulted by the multi-analyte
test, was subsequently analyzed by specific and quantitative
individual ELISA assays, to confirm the data and quantify
the amount of induced cytokines. The results (Figure 1)
confirmed the data obtained for each cytokine, further evi-
dencing the different impact of the diverse bacterial species
(Lactobacillus versus Atopobium and Porphyromonas), and
the absence of cytokine induction when using killed bac-
teria. In addition, the simultaneous exposure of HEC-1A
cells to 4. vaginae and P. somerae used together led to a
more pronounced increase of cytokine amount, compared to
what observed with the individual bacterial species.
Interestingly, IL1a and IL1P upregulation is associated
with many tumors including endometrial cancer,”® IL17a
was reported to promote the proliferation of endometrial
cells” and to contribute to endometriosis thank to its induc-
tion of proinflammatory and angiogenic factors.'® TNFa is
constitutively expressed in endometrial hyperplasia and
cancer,'' and high levels of expression correlate with low
survival in endometrial cancer patients.'?

To ascertain whether the cytokine induction was at the
transcriptional level, HEC-1A cells co-cultured with indi-
vidual bacterial species were collected at 24 h.p.i. and
analyzed for cytokine mRNA expression. Briefly, the
total RNA was extracted from cells and retrotranscribed
by RT2 First Strand kit (Qiagen, Hilden, Germany), then
cytokine expression was analyzed on obtained cDNA by a
specific real-time PCR microarray targeting 84 different
human cytokine transcripts (Qiagen, Hilden, Germany).

Results (Figure 2) showed that all the cytokines detected in
the culture supernatant of endometrial cells upon co-culture
with bacteria were indeed activated at the transcriptional level,
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Figure | Individual cytokines altered by bacterial co-colture. Endometrial cells were cultured in the absence (control, CTR) or presence of alive or killed A. vaginae (AV), or
P. somerae (PS), or L. vaginalis (LV), or a combination of A. vaginae plus P. somerae (AV+PS). Cell culture supernatants collected at 24 h.p.i. were analyzed for cytokine release
by individual ELISA assay, performed for each cytokine resulted altered by the multi-cytokine ELISA panel. Results refer to triplicate samples from two independent
experiments and are expressed as mean pg/mL value + SD. Student’s t test was used for statistical analysis; a p value < 0.05 was considered as significant (indicated by

asterisks).

as indicated by the upregulation of the correspondent mRNAs
compared to control uninfected cells or cells co-cultured with
killed bacteria. In particular, IL1a and IL1B RNAs resulted
respectively 6.8-fold and 8-fold more expressed in the pre-
sence of Atopobium than in controls (endometrial cells unin-
fected or exposed to killed bacteria) or in Lactobacillus and
Porphyromonas co-cultured cells (respectively 1.1 and 1 folds
with Lactobacillus, and 1 and 1.3 folds with Porphyromonas),
IL8 resulted upregulated only by Lactobacillus (16 folds) and
not by Atopobium/Porphyromonas; IL17a was activated only
by Atopobium (9.5 folds) and Porphyromonas (8.2 folds);
similarly, TNFo was upregulated by Afopobium and
Porphyromonas (16.3 and 3 folds, respectively), but not by
Lactobacillus (1.1 folds).

Interestingly, in addition to the cytokines analyzed by
ELISA and confirmed at the transcriptional level, other
transcripts resulted significantly altered by co-culture
with Atopobium and Porphyromonas, including CCL13
(9 folds with P. somerae only), CCL8 (15 folds with A.
vaginae and 18 folds with P. somerae), CXCL2 (9 folds
with 4. vaginae and 11 folds with P. somerae), 1L22 (11
folds with A. vaginae and 16 folds with P. somerae) and
IL9 (15 folds with A. vaginae and 20 folds with P. som-
CCL13 was
Lactobacillus as well (9 folds), suggesting a nonspecific

erae). However, also upregulated by
stimulation associated with the mere presence of bacteria,
rather than with a specific bacterial species. CCL13 (also
known as Monocyte Chemoattractant Protein 4, MCP4)
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Figure 2 Cytokine/chemokine transcriptional induction in endometrial HEC-1A cells by bacterial co-culture. Endometrial cells were cultured in the absence (control) or
presence of alive or killed A. vaginae, or P. somerae, or L. vaginalis. After 24 hrs, cultured cells were collected for total RNA extraction and subsequent analysis by qPCR
microarray, capable of evidencing simultaneously transcriptional up- or down-regulation of 84 different cytokines. Results refer to triplicate samples from two independent
experiments, and are expressed as mean fold-change value compared to control values * SD. Control values, obtained in uninfected cells or in cells exposed to killed
bacteria, were superimposable and corresponded to a value = |£0.| fold-change for all analyzed transcripts. Student’s t test with Bonferroni correction for multiple analyses
was used for statistical analysis; a corrected p value < 0.05 was considered as significant (indicated by asterisks).

can be induced by IL1 and TNFa and is indeed involved in
many chronic diseases, including allergies. By contrast,
the other chemokines that resulted altered by Atopobium
or Porphyromonas co-culture have been reported to be
associated with cancer progression. In particular, CCL8
has been associated with melanoma progression and
dissemination,'® enhances breast cancer cell motility and
is upregulated in tumor-associated macrophages (TAM) in
breast and endometrial cancer patients, favoring tumor
invasion.'* The expression of CXCL2 is increased in ovar-

jan and endometrial carcinomas,'>!®

it is induced by
TNFa and induces chemoresistance.'” IL22 promotes pro-
gression in breast cancer'® and endometrial cell prolifera-
tion by stimulating CCL2 and IL8,"® IL9 is upregulated in
endometriosis,”’ and its expression was reported to be
upregulated via IL-170 in endometrial adenocarcinoma
cells,'” and to prevent apoptosis, promoting proliferation
and metastasis in pancreatic cancer.”'

In conclusion, our in vitro observations show for the
first time that certain bacteria have the ability to induce
expression of proinflammatory cytokines and chemokines
by endometrial cells, and suggest that their presence in the
uterine environment might be associated with the estab-
lishment of conditions promoting inflammation.

One limitation of our study is the use of a cell line,
rather than endometrial primary cells derived from healthy
tissue, and future studies are needed to investigate host-

microbiota interactions using primary endometrial cells
and different bacterial loads, to better understand the
impact of microorganisms on the local endometrial micro-
environment and its mechanisms. However, our prelimin-
ary observations provide a base for additional knowledge
in this field, and strengthen the hypothesis of a significant
role of Atopobium and Porphyromonas species in endo-
metrial tumor onset and/or progression, providing also a
starting point for future researches focusing on the impact
of uterine microbiota on uterine physiology and patholo-
gies, and hopefully potentially useful tools for diagnosis
and effective clinical interventions.
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