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ARTICLE INFO ABSTRACT

Keywords: Bifidobacteria are health promoting microorganisms that can interact with drugs in the intestinal tract thus

Bifidobacterium modifying the activation of immune cells and host homeostasis. To study the effect of acenocoumarol on the

?I:?(l’coulll"‘aml interaction between bifidobacteria and THP-1 cells or intestinal epithelial cells. Bifidobacterium bifidum CIDCA
-1 cells

5310 and B. adolescentis CIDCA 5317 were grown in MRS broth in anaerobic conditions. The experiments were
done in the presence of acenocoumarol. FITC-labeled bacteria were incubated with THP1 cells differentiated
with PMA (THP1-PMA), and phagocytosis and intracellular localization of bacteria were assessed by flow
cytometry and confocal laser microscopy, respectively. Also, expression of macrophage surface molecules in
THP1 and THP1-PMA cells was assessed by flow cytometry. By using the Caco-2 ccl20:luc reporter system innate
immune response was analysed by determining luciferase expression induced by flagellin. Acenocoumarol
decreased phagocytosis of bifidobacteria but intracellular routing was not modified. Also, anticoagulant reduced
the expression of HLA-DR and CD64 induced by bifidobacteria in both THP1-PMA and THP1 cells. Instead, the
decrease in the expression of CD206 and CD23 was dependent on differentiation status of THP1 cells. Aceno-
coumarol increased CCL20 expression and it was partially abrogated by strain CIDCA 5310. Presence of ace-
nocoumarol modifies the interaction between bifidobacteria and eukaryotic cells thus suggesting that the
expected modulation of immune response by probiotic foods can be different in persons under anticoagulant
treatment.

Caco-2 ccl20:1uc reporter system
Immune response
Anticoagulant

1. Introduction by affecting the expression of transporters, by modulating cellular

permeability or by changing the enzymatic potential in the intestinal

Probiotics are preparations based on viable microorganisms that lead
to beneficial effects on the host (Pflughoeft & Versalovic, 2012; Quigley,
2011; Shah, 2007). Both genera Bifidobacterium and Lactobacillus, are
widely used in probiotic products for humans (Sharma, Wasan, &
Sharma, 2021). The beneficial properties of probiotic microorganisms
has been related to, among others, the ability to provide enzymes, the
prevention of the effects of intestinal pathogens and the modulation of
the immune response (Ashraf & Shah, 2014; Bermudez-Brito,
Plaza-Diaz, Munoz-Quezada, Gomez-Llorente, & Gil, 2012; de LeBlanc,
& Perdigon, 2014; Donkor et al., 2012; Lemme-Dumit, Polti, Perdigon, &
Galdeano, 2018; Ntnez, Galdeano, de Moreno; Trejo, De Antoni, &
Pérez, 2013; Trejo, Minnaard, Perez, & De Antoni, 2006; Verdu, 2009;
Yousefi et al., 2019). In addition, probiotics modify the bioavailability of
some drugs either by inducing changes in the expression of cytochromes,
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environment (Al-Salami et al., 2008, 2012; Matuskova et al., 2014;
Stojancevi¢, Boji¢, Al Salami, & Mikov, 2014).

The relevance of probiotic microorganisms in the gut-associated
immune system has been demonstrated. This role has been associated
to bacterial components such as nucleic acids, polysaccharides and cell
wall fractions (Delgado, Sanchez, Margolles, Ruas-Madiedo, & Ruiz,
2020; Dogi, Weill, & Perdigon, 2010; Kapila et al., 2012; Kaushal &
Kansal, 2014; Lemme-Dumit et al., 2018; Li et al., 2005; Tahoun,
Masutani, Sharkawy, El Gillespie, & Honda, 2017; Van Bergenhene-
gouwen et al., 2014). In addition, secreted metabolic products such as
lactic acid and short chain fatty acids have also shown immunomodu-
latory activity (Bengoa, Dardis, Gagliarini, Garrote, & Abraham, 2020;
Iraporda, Romanin, Rumbo, Garrote, & Abraham, 2014; LeBlanc et al.,
2017).

Received 8 July 2022; Received in revised form 6 February 2023; Accepted 8 February 2023

Available online 10 February 2023
2212-4292/© 2023 Elsevier Ltd. All rights reserved.


mailto:jm@biol.unlp.edu.ar
www.sciencedirect.com/science/journal/22124292
https://www.elsevier.com/locate/fbio
https://doi.org/10.1016/j.fbio.2023.102473
https://doi.org/10.1016/j.fbio.2023.102473
https://doi.org/10.1016/j.fbio.2023.102473
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fbio.2023.102473&domain=pdf

S.E. Assad et al.

Macrophages play a pivotal role in the innate immune response, and
their polarization driven by environmental factors determines func-
tional diversity that is crucial for the host (Mantovani et al., 2004;
Mosser & Edwards, 2008; Murray, Allen, Fisher, & Lawrence, 2015;
Orecchioni, Ghosheh, Pramod, & Ley, 2019). Differentiation of macro-
phages is relevant not only in physiological but also in pathological
conditions such as infectious, metabolic and autoimmune diseases
(Mosser & Edwards, 2008; Shapouri-Moghaddam et al., 2018; Sica,
Erreni, Allavena, & Porta, 2015). Thus, these cells can be biomarkers of
diseases and they can be used for assessing effects of different treatments
or even vaccination schedules (Mosser & Edwards, 2008).

Several strains of Lactobacillus and Bifidobacterium have an effect on
immune response through the induction of distinctive patterns of cyto-
kines (Ashraf & Shah, 2014; Azad, Sarker, & Wan, 2018; Dogi et al.,
2010; Donkor et al., 2012; Esmaeili et al., 2018; Rolny, Tiscornia,
Racedo, Perez, & Bollati-Fogolin, 2016) and macrophage polarization
(Christoffersen et al., 2014; Wang, Liu, & Zhao, 2019). It has been
described that these microorganisms can modulate the innate and
adaptive immune defence mechanisms (Borchers, Selmi, Meyers, Keen,
& Gershwin, 2009) through the modification of the Th1/Th2 balance
(Azad et al., 2018; Hua et al., 2010; Mohamadzadeh et al., 2005).

The microecology of the intestinal tract involves complex in-
teractions between microbiome, nutrients incorporated with food and
xenobiotics. These interactions impact on the host’s health. Maintaining
intestinal homeostasis is important since imbalances can lead to
increased inflammation. Considering that both probiotic microorgan-
isms and macrophage coexist with medications in the intestinal tract,
studies that evaluate the interactions between these three players are
necessary. In spite that effects of antibiotic imbalance on intestinal ho-
meostasis are widely known, there is little knowledge on the effect of
other drugs such as those used in chronic hypertension or cardiac dis-
eases. These studies are even more relevant given the high demand of
probiotic foods by consumers.

Acenocoumarol, a coumarin derivative, is one of the most used oral
anticoagulants for the treatment of thromboembolic disorders
(Gschwind et al., 2013; Militaru, Vesa, Pop, & Buzoianu, 2015). It is a
vitamin k antagonist that exerts its function by inhibiting vitamin K
epoxide reductase (Holmes, Hunt, & Shearer, 2012). Therapeutic dosing
of acenocoumarol is influenced by diverse factors such as genetic vari-
ability in metabolic enzymes of patients, age, stress and ingestion of food
and beverages (Bachmann & Hoffmann, 2004; Gschwind et al., 2013;
Holmes et al., 2012; Militaru et al., 2015; Warzecha et al., 2017).
Noteworthy, the role of the intestinal microbiota on the metabolism of
acenocoumarol (Thijssen, Baars, Hazen, & Van Den Bogaard, 1984) and
the closely related warfarin have been reported (Giuliano et al., 2010).

In addition to its anticoagulant properties, acenocoumarol has
immunomodulatory properties (Schroecksnadel et al., 2013). Indeed, in
peripheral blood mononuclear cells stimulated with phytohemagglu-
tinin, acenocoumarol reduced the concentration of INFy and TNFa and
prevented the degradation of tryptophan. In addition, the anticoagulant
decreased tryptophan degradation in Caco-2 cells stimulated with INFy
(Schroecksnadel et al., 2013). Knowledge of the interactions of probiotic
with drugs as acenocoumarol help to avoid inappropriate activation of
the immune cells and disruption of host homeostasis.

Bifidobacterium strains included in the present study have shown
immunomodulatory properties (Assad, Rolny, Minnaard, & Pérez, 2020)
and also the ability to modify acenocoumarol (Fragomeno et al., 2021).
These properties along with the relevance of both bifidobacteria and
macrophages in intestinal homeostasis (Bermudez-Brito et al., 2013)
prompted us to assess the effect of acenocoumarol on the interaction
between bifidobacteria and cells relevant in the context of the modu-
lation of the intestinal immune response: phagocytic and enterocyte-like
cells.
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2. Materials and methods
2.1. Eukaryotic cells culture

Caco-2 ccl20:luc (Nempont, Cayet, Rumbo, Bompard, & Sirard,
2008) was grown at 37 °C in a 5% CO2/95% air atmosphere in Dul-
becco’s Modified Eagle’s Medium (DMEM) (25 mM glucose) (GIBCO Life
Technologies, Grand Island, USA) supplemented with 1% v/v nones-
sential amino acids (GIBCO Life Technologies, Grand Island, USA),
streptomycin (12 pg mL 1) and penicillin (12 UI mL™1) (Life Technol-
ogies, Cergy, France), and 15% (v/v) heat-inactivated (30 min, 56 °C)
fetal calf serum (FCS) (GIBCO Life Technologies, Grand Island, USA). For
the experiments, cells monolayers were prepared in 24-well tissue cul-
ture plates (JetBiofilm, China) by seeding 7 x 10* cells per well. Assays
were performed with cells at confluence (7 days in culture).

The same culture condition was used for monocytic THP-1 cells line
(Daigneault, Preston, Marriott, Whyte, & Dockrell, 2010) except the
DMEM which was supplemented with 10% (v/v) FCS. To differentiate
THP-1 cells, they were incubated with 200 nM phorbol myristate acetate
(PMA) (Sigma, St. Louis, USA) (THP1-PMA) in DMEM containing 10%
(v/v) FCS for 2 days at 37 °C in 5% CO, atmosphere. Cells were cultured
in 24 or 48-well tissue culture plates (JetBiofilm, China) by seeding 2.53
x 10° cells em~2. For confocal microscopy cells were grown on glass
coverslips in 24-well tissue plates.

2.2. Bacterial strains and growth conditions

Bifidobacterium bifidum CIDCA 5310 and Bifidobacterium adolescentis
CIDCA 5317 were isolated from breast fed infant’s faeces (Pérez, Min-
naard, Disalvo, & de Antoni, 1998). Bacteria were stored at —80 °C with
20% (v/v) glycerol as cryoprotectant. Reactivation of strains was carried
out in MRS broth (BIOKAR, Biokar Diagnostics, Beauvais, France) sup-
plemented with 0.05% (w/v) cysteine (Laboratorios ANEDRA,
Argentina) in anaerobic conditions for 48 h at 37 °C. Afterwards, mi-
croorganisms were inoculated in the same medium (1 x 10’ CFUmL ™)
and further incubated for 24 h in the above indicated conditions.

For the experiments, bacteria were washed twice with phosphate
buffered saline (PBS) and suspended in DMEM. Bacterial concentration
was assessed by determining absorbance values at 600 nm (OD = 1 is
equivalent to corresponds to 10® CFU mL™!) (METROLAB 330,
Argentina).

2.3. Fluorescent labelling of bacteria

Microorganisms were washed twice in PBS and labeled with fluo-
rescein isothiocyanate (FITC) (Sigma, St. Louis, USA) 0.3 mg mL~! for
20 min at room temperature. Then, bacteria were washed twice with
PBS and suspended in 500 pL of DMEM. Labelling was evaluated by
fluorescent microscopy (Leica Microscopy Systems Ltd., Microsystems,
Germany) and bacterial concentration was assessed as described above.

2.4. Acenocoumarol

The stock solution of acenocoumarol (Lab Bago, Argentina) was
prepared in N,N-dimethyl formamide (10 mg mL’l) and filtered (0.22
pm). For the experiments, dilutions were prepared in DMEM.

2.5. Phagocytosis assay

Fluorescent bacteria were incubated with THP1-PMA cells at multi-
plicity of infection (MOI) 10 bacteria/cell for 18 h at 37 °C 5% CO> in the
presence or not of acenocoumarol 475 pM (final concentration) (Fra-
gomeno et al., 2021).

Phagocytosis was evaluated by flow cytometry (FACSCalibur™
CellQuest™ software) by recording percentages of FL1(+) cells. For
quenching of non-internalized bacteria trypan blue 0,4% w/v was used.
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Analysis was done by using FlowJo™ V10.4.
2.6. Fate of internalized bacteria in the presence of acenocoumarol

With the aim of evaluating the cellular fate of internalized bacteria in
the presence of the anticoagulant, Lysotracker DND-99 was used to
detect bacteria in acidic compartments. FITC-labeled strain CIDCA 5310
was incubated in the presence of acenocoumarol 475 pM (final con-
centration) for 1 h at 37 °C with THP1-PMA cells (MOI = 10) cultured on
glass coverslips in 24-well tissue plates. Samples without drug were used
as controls. Next, cells were stained with Lysotracker DND-99 200 nM
(Life Technologies, Carlsbad, California) for 5 min. Afterwards macro-
phages were washed twice with PBS and fixed with 3% (v/v) para-
formaldehyde (PFA) for 1 h at 4 °C in the dark. As antifading agent,
mounting medium (DakoCytomation, USA) was used.

A confocal laser-scanning microscope (LEICA TCS SP5, Leica
Microsystems, Germany) at excitation wavelengths of 488 nm (argon
laser) and 594 nm (helium-neon laser) with a HCX PL APO CS 63.0x1.40
OIL UV objective (Leica Microsystems, Germany) was used. The result-
ing images had resolution of 8 bits (1024 x 1024 pixels). For analysis at
least 200 cells per sample were assessed by means of the Leica LAS AF
Lite software. The percentage of colocalization was determined as the
ratio between the number of bacteria co-localizing with the marker and
the total number of internalized bacteria.

2.7. Expression of macrophage surface molecules

In order to evaluate the expression of surface markers in the presence
of the anticoagulant, bifidobacteria were incubated with THP-1 or
THP1-PMA cells at MOI 10 in the presence or not of 475 pM aceno-
coumarol for 18 h at 37 °C 5% CO, in DMEM with 10% (v/v) FCS.
Positive controls of expression were stimulated with 375 ng mL~* INF-y
(THERMO Scientific, Rockford, USA) for HLA-Dr, 375 ng mL~! IFN- %
plus 0,5 pg mL™! LPS (Sigma-Aldrich, St. Louis, USA) for CD16 and
CD64, 10 ng mL™! IL-4 for CD163, CD23 and CD206 and heat treated
(60 °C for 3 min) Staphylococcus aureus for TLR-2. Unstimulated mac-
rophages were used as controls of basal expression. Besides, bacteria or
anticoagulant alone were also included for comparisons.

After incubation, cells were washed with PBS and non-specific
binding of antibodies was blocked with PBS supplemented with 20%
(w/v) inactivated human serum. Staining was performed for 20 min at
4 °C in the dark with PE-conjugated anti-human HLA, FITC-conjugated
anti-human CD16, PE-conjugated anti-human CD64, FITC-conjugated
anti-human CD163, FITC-conjugated anti-human CD206, PE-
conjugated anti-human CD23 or FITC-conjugated anti-human TLR2
(BD Pharmigen, San Jose, CA, USA). Isotype controls were included.

After being labeled, samples were washed twice with PBS and ana-
lysed by flow cytometry. The expression index (EI) was calculated as the
percentage of positive cells x mean fluorescence intensity.

2.8. Evaluation of cellular response in the Caco-2 ccl20:luc reporter
system

The Caco-2 ccl20:1uc reporter system allows to determine activation
of innate response by induction of firefly luciferase as a reporter of the
activation of the ccl20 gene (Nempont et al., 2008).

Caco-2 ccl20:luc monolayers grew on 24-well tissue culture plates
were incubated 16 h at 37 °C in 5% CO, atmosphere with suspension of
strain CIDCA 5310 or CIDCA 5317 in DMEM FCS-free medium at MOI =
10 and 471 pM acenocoumarol. Wells with bifidobacteria or anticoag-
ulant alone were also included. Then, cells were stimulated with
flagellin (FliC) (1 pg mL™Y) from Salmonella enterica serovar Enteritidis
for 5 h. Epithelial cells non stimulated with FliC were used to assess
basal expression. After removing the supernatants, cells were lysed and
luciferase activity was measured in a Labsystems Luminoskan TL Plus
luminometer (Thermo Scientific, USA) by using the kit from Promega
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(Promega, Madison WI, USA) (Nempont et al., 2008). The values ob-
tained were normalized to FliC control (stimulated control) to obtain the
normalized average luminescence (NAL) and the percentage of the mean
of stimulated control was calculated for each condition (Romanin et al.,
2010).

2.9. Statistical analysis

Statistical analysis of the variations was performed by paired Stu-
dent’s t-test. The ratios of colocalization were compared by means of the
Fisher’s exact test at the 0.05 level of significance. All statistical tests
were conducted by using INFOSTAT software (Di Rienzo, Casanoves,
Balzarini, Gonzalez, & Tablada, 2020Di Rienzo J.A., Casanoves F., Bal-
zarini M.G., Gonzalez L., Tablada M., 2020)

3. Results
3.1. Effect of acenocoumarol on phagocytosis of bifidobacteria

Considering that interaction of intestinal bacteria with phagocytic
cells is crucial for the host immune response and that drugs present in
the intestinal tract could modify such interaction, the phagocytosis of
Bifidobacterium strains by THP-1 cells was evaluated in the presence of
acenocoumarol. The results showed a significant decrease (p < 0.05) in
the phagocytosis of both strains under study in the presence of 471 pM of
anticoagulant (Fig. 1).

3.2. Fate of internalized bacteria in the presence of acenocoumarol

To assess the effect of the anticoagulant on the intracellular fate of
bacteria, confocal microscopy was used. These experiments were con-
ducted with strain CIDCA 5310 because this strain was highly phago-
cytosed by THP-1 cells. The microscopic evaluation confirmed the
decrease in phagocytosis of strain CIDCA 5310 in the presence of the
drug after 1 h of incubation. Interestingly, intracellular localization was
not modified by the drug and most bacteria were found in non-acidic
compartments (Fig. 2).

3.3. Expression of macrophage surface molecules

Different macrophage surface markers were evaluated (Mantovani
et al., 2004; Martinez & Gordon, 2014). In addition, TLR2 was analysed
within the M1 profile since it is relevant in the inflammatory response
(Martinez & Gordon, 2014).

The results obtained here showed that acenocoumarol modified the
expression induced by bifidobacteria in the M1 markers, irrespectively
that THP1-PMA or THP1 cells were stimulated (Figs. 3, 4A and 4B). In
THP1-PMA cells, acenocoumarol reduced the expression induced by
bifidobacteria on HLA-DR (Fig. 3A), TLR-2 (Fig. 3B) and CD64 (Fig. 3D)
and increased the expression of CD16 (Fig. 3C). The same results were
observed when HLA-DR and CD64 were evaluated in THP-1 cells
(Fig. 4A and B).

On the other hand, when the expression of CD206, a M2 marker, was
studied, differences depended on the stimulated cells i. e. monocytes
(Fig. 4C) or macrophages (Fig. 5). Acenocoumarol decreased the
expression of CD206 in THP-1 cells induced by B. bifidum strain CIDCA
5310 (Fig. 4C) whereas no changes were observed in THP1-PMA cells
(Fig. 5B). In addition, in THP1-PMA cells the expression of CD23,
another M2 marker, was also diminished in the presence of acenocou-
marol (Fig. 5C).

3.4. Cell response in the Caco-2 ccl20:luc reporter system
Several stimuli such as LPS, flagellin or cytokines like IFNy and TNF-

a can trigger the expression of the chemokine CCI20 in a NF-kB-
dependent manner (Romanin et al., 2010; Rumbo, Sierro, Debard,
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Fig. 1. Effect of acenocoumarol (AC) on the
internalization of Bifidobacterium bifidum CIDCA
5310 and Bifidobacterium adolescentis CIDCA 5317
by THP1-PMA cells. Internalization was determined
by flow cytometry after 18 h incubation and
quenching of exocellular bacteria with Trypan blue.
* Results are expressed as percentage of FL1(+) cells.
Results show a representative of three independent
experiments. Bars indicate standard deviation (n =
3).
* = P < 0.05 with control for CIDCA5310 and
CIDCA5317, respectively.
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Kraehenbuhl, & Finke, 2004). This is detected as surrogate luciferase
activity in the Caco-2 ccl20:luc reporter system.

Acenocoumarol increased luciferase expression of Flic treated cells,
as compared with cells stimulated with Flic or Flic + bifidobacteria
(Fig. 6). Noteworthy, this stimulatory effect is partially abrogated by
coincubation with strain CIDCA 5310 that is also able to modulate Flic-
dependent induction of luciferase activity in absence of acenocoumarol
(Fig. 6).

4. Discussion

In the present work the effect of acenocoumarol on the modulation of

AC

CIDCA 5317

Fig. 2. Intracellular trafficking of strain
B. bifidum CIDCA 5310 in THP1-PMA cells. Coloc-
alization with Lysotraker with FITC-labeled bacteria
was evaluated by confocal laser scanning microscopy
after 1 h incubation with cells. Results are expressed
as percentage of internalized bacteria co-localizing
with marker (grey columns) in relation to total
internalized bacteria (black columns) (a). Represen-
tative images with yellow areas indicating colocali-
zation of FITC-labeled bacteria (green) and the
lysosomal marker Lysotracker (red) (b). Results show
a representative experiment from at least 3 indepen-
dent experiments and are expressed as means (n = 3).
Bars indicate standard deviation. *P < 0.05. (For
interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of
this article.)

I

CIDCA 5310+ AC

CIDCA 5310+ AC

immune response by Bifidobacterium was demonstrated. Using THP-1
cells in the presence of the anticoagulant, a decrease in phagocytosis of
bifidobacteria and modification of the expression of surface markers
after stimulation with bacteria were observed. Also, an acenocoumarol-
dependent enhancement on the activation of the NF-kB pathway was
demonstrated. This effect can be modulated by Bifidobacterium.
Selection of probiotic bacteria is a crucial step in the formulation of
functional foods. In this context, the probiotic potential of bacterial
strains deserves great interest and it has been addressed in many
research studies. In a previous work, we demonstrated that Bifido-
bacterium strains used in the present study interact differently with
monocyte-derived macrophages. In addition, a strain-dependent host
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response was observed when opsonic or non-opsonic receptors were
evaluated (Assad et al., 2020). In the present work we demonstrated that
the above mentioned effects can be modified by acenocoumarol, a
widely used anticoagulant.

Both in vitro and in vivo models have demonstrated the relevance of
probiotic microorganisms in the innate immune response through the
increase of phagocytic activity (Dogi et al., 2010; Jia et al., 2020; Kapila

H
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Fig. 3. Expression of M1 surface markers in THP1-

PMA cells. HLA-DR (a), TLR2 (b), CD16 (c) and CD64

E:% (d) in THP 1-PMA cells co-incubated with strains
* CIDCA 5310 or CIDCA 5317 (at MOI 10) and aceno-

coumarol (AC) 471 pM for 18 h. Values are expressed

*# as expression index (EI). IFN-y, heat-inactivated
o * #  Staphylococcus aureus or IFN-y and LPS were used as
x 2 positive control as indicated in graphics. Results
show a representative experiment from at least 3 in-
: I * 7 dependent experiments.
_ _ + 4+ *P<0.05 with strain without AC; #: P < 0.05 with
- - + positive control.
- *’ # @
- ® #
==
+ + + +
+ + B -
- - + +
= + & +
Fig. 4. Expression of M1 and M2 surface markers
in THP1 cells. HLA-DR (a), CD64 (b) and CD206 (c)
> in THP-1 cells incubated with strains CIDCA 5310 or
CIDCA 5317 (at MOI 10) and acenocoumarol (AC)
471 puM for 18 h. Values are expressed as expression
$ = # index (EI). Positive control is indicated in graphics.
- Results show a representative experiment from at
least 3 independent experiments.
*: P < 0.05 with strain without AC, #: P < 0.05 with
positive control.
+ + + +
+ + - -
- . + +
- + - +

et al., 2012; Kaushal & Kansal, 2014; Klein, Friedrich, Vogelsang, &
Jahreis, 2008; Lemme-Dumit et al., 2018; Rocha-Ramirez et al., 2017,
2020). In relation to this, it was observed that a strain of Lactobacillus
jensenii with high immunomodulatory capacity was more internalized
by mononuclear porcine Peyer’s patches phagocytes than a
non-immunomodulatory strain (Tsukida et al., 2016). These findings are
of interest since the decrease in phagocytic activity could be relevant in
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Fig. 6. Luciferase activity in the Caco-2 ccl20: luc reporter system. Lucif-
erase activity in the presence of the positive stimulus flagellin (flic) (5hs) after
co-incubation with the bifidobacteria strains CIDCA 5310 or CIDCA 5317 and
acenocoumarol (AC) 471 pM for 18 h. Results are expressed as normalized
average luminescence (NAL) and show a representative experiment from 3 in-
dependent experiments. Bars indicate standard deviation (n = 3).

*: P < 0.05 with strain without AC, #: P < 0.05 with positive control.

pathologies such as chronic obstructive pulmonary disease (Mortaz
et al., 2015) thus impacting on the ability in controlling pathogen mi-
croorganisms (Franken, Schiwon, & Kurts, 2016).

In the present work, we demonstrated that acenocoumarol modifies
the phagocytosis of Bifidobacterium. This effect could affect expected
outcomes for probiotic strains present in foods since activity of macro-
phages is essential for the clearance of pathogen or cell debris in the
intestine (Smith et al., 2011). It is important to note that the decrease of
phagocytosis produced by acenocoumarol is not a general effect since no
alteration of the internalization of latex beads was observed (data not
shown). Furthermore, the interaction with other cell lineages (e. g.
enterocyte-like cells) was not modified by acenocoumarol (data not
shown).

Acenocoumarol decreased HLA-DR expression in THP-1 cells in the
presence of IFN-y thus demonstrating the ability to modify the
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# Fig. 5. Expression of M2 surface markers in THP1-
PMA cells. CD163 (a), CD206 (b) and CD23 (c) in
THP-1-PMA cells co-incubated with strains CIDCA
5310 or CIDCA 5317 (at MOI 10) and acenocoumarol
(AC) 471 pM for 18 h. Values are expressed as

$ =S expression index (EI). IL-4 was used as a positive

control. Results show a representative experiment
from at least 3 independent experiments.
*: P < 0.05 with strain without AC, #: P < 0.05 with
positive control.

+ + + +

+ + - -

- - + +

= + . +

expression of a key molecule for both innate and adaptive immune re-
sponses. Noteworthy, in phagocytic cells the receptor HLA-DR allowed
for the detection of antigens by regulatory T-cells (Shapour-
i-Moghaddam et al., 2018).

Strain CIDCA 5310 was able to increase expression of HLA-DR in
THP-1 cells. This correlates with the localization of bifidobacteria in
acidic compartments (Assad et al., 2020) similarly to that was observed
in Bacillus cereus (Rolny, Racedo, & Pérez, 2017). However, the decrease
in expression of HLA-DR in the presence of AC, could not be fully
explained by a decrease in routing to acidic compartments since no
significant differences in internalized bacteria was found in the presence
of the anticoagulant. It is possible that the lower number of microor-
ganisms in acidic compartments is a direct consequence of the decrease
in phagocytosis.

For resident intestinal macrophages the acquisition of phagocytic
activity is related to the expression of surface markers such as CD163
and CD206 (Bain et al., 2013). In the present study, we demonstrated
that acenocoumarol diminished expression of receptors related to
phagocytosis (e. g. TLR-2 and CD64). In addition, acenocoumarol also
decreased the expression of another receptor related to phagocytosis
(mannose receptor; CD206) when PMA-stimulated monocytes were
evaluated, while no changes were observed in macrophages treated with
bifidobacteria and the drug (Fig. 5).

To contribute to the homeostasis, resident intestinal macrophages
down-regulate expression of CD64, CD16 and TLR3-9 (Smith et al.,
2011). However, the activation of TLRs by the commensal microbiota
also plays an important role in homeostasis (Rakoff-Nahoum, Paglino,
Eslami-Varzaneh, Edberg, & Medzhitov, 2004) and the participation of
TLR2 in the immunomodulatory effect of probiotic microorganisms such
as L. sakei was observed (Jung et al., 2015). In the present study ace-
nocoumarol decreases expression of HLA-DR, TLR2 and CD64 but in-
creases CD16 expression. These results agree with a dynamic
modulation of surface markers (Ferreira da Mota N; Colo Brunialti M;
Sousa Santos S; Ribeiro Machado F; Assuncao M; Pontes de Azevedo L;
Salomao R., 2018). These apparently controversial results in macro-
phage polarization have been previously observed for probiotic bacteria
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(Fu et al., 2019). Instead, other probiotic strains triggered a shift to M2
macrophage activation (Id, Ohshio, Sugamata, & Morita, 2020).

It is important to note that CD23 (a M2 marker) decreased in mac-
rophages stimulated with bifidobacteria and acenocoumarol. This
marker (also known as FceRII) plays a role in phagocytosis mediated by
antibodies in macrophages and monocytes and contributes to the
clearance of parasites via nitric oxide (Sutton, Davies, Bax, & Kar-
agiannis, 2019).

The ability of acenocoumarol to decrease the activation of proin-
flammatory responses triggered by LPS and IFN-y as well as the pro-
duction of proinflammatory cytokines in THP-1 cells has been reported
(Schroecksnadel et al., 2013). These findings are in agreement with the
results presented here that show a decrease in inflammatory markers in
THP-1 cells stimulated with bifidobacteria. Also, the immunomodula-
tory ability of acenocoumarol was described in a model of acute
pancreatitis in rats with an inhibition of the development of inflam-
mation was observed at low doses of the drug (Warzecha et al., 2017).

There are several studies that report the ability of potentially pro-
biotic microorganisms and their metabolites to decrease the innate im-
mune response caused by flagellin (Jia et al., 2020; Kaci et al., 2011). In
this way, the ability of isolated kefir yeasts to inhibit the innate response
in intestinal epithelial cells triggered via NF-xB has been observed
(Romanin et al., 2010). Furthermore, the immunomodulatory properties
of lactate was ascribed to the binding of this metabolite with specific
GPR81 G protein-coupled receptors in enterocytes (Iraporda et al., 2014,
2015). In addition, sodium butyrate downregulates NF-«kB signalling
(Sun et al., 2020). Related to this, we observed that B. bifidum CIDCA
5310 is able to inhibit the response induced by flagellin (Fig. 6). Inter-
estingly, the anticoagulant in turn was a potent response activator, in
coincidence to previous reports that have shown an increase in the
transcription factors NF-kB/AP-1 in THP-1 Blue cells stimulated with
LPS, a TLR4 ligand (Schroecksnadel et al., 2013). The effect of the
anticoagulant seems to be synergic with TLR5-dependent NF-kB acti-
vation, since no activation was observed when acenococumarol was
studied without flagellin (data not shown). The strain CIDCA 5310 was
able to modulate the increase in Caco2-CCL20-luc reporter cells trig-
gered by flagellin + acenocoumarol activation. In contrast, the strain
CIDCA 5317 showed lower capacity to modulate the innate immune
response induced by flagellin. It is evident that acenocoumarol can
impact the modulatory effect of bifidobacteria in the context of an in-
flammatory stimulus such as flagellin. It could be pertinent to consider
these findings in the context of metaflammation/inflammation in the
gastrointestinal tract, where the inhibition of NF-kB pathway related to
TLR4 was demonstrated for commensal bifidobacteria (Ghadimi et al.,
2019).

5. Conclusion

Our results demonstrated in vitro that acenocoumarol impacts on
immunomodulatory effects of bifidobacteria strains from human origin.
These findings encourage further studies to assess the relevance of the
observed effects on the modulation of immune response by probiotic
foods in persons under anticoagulant treatment.
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