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ABSTRACT

The activation of phagocytosis is one important ap-
proach to clearing pathogenic cells in a host. This study
evaluated the ability of probiotic lactobacilli to induce
phagocytic activity as well as the clearance of a peri-
odontal pathogen, Aggregatibacter actinomycetemcomi-
tans. First, the activation of phagocytosis was found
by using lyophilized dead cells. Probiotic Lactobacillus
strains significantly enhanced the phagocytic activ-
ity of macrophage cells, indicating that the probiotic
lactobacilli have a remarkable ability to stimulate the
macrophages. Essentially, 3 Lactobacillus strains tested
did not have any critical toxic effect on the murine
macrophage, and Lactobacillus johnsonit NBRC 13952
showed the least cytotoxic effect on the RAW264.7
macrophages. The expression of classically activated
macrophage markers, IL-13, and cluster of differentia-
tion 80 increased by L. johnsonii NBRC 13952; how-
ever, there was no significant difference for I1L-18. The
highest phagocytic activity by macrophages was found
in a condition in which the macrophage activated by L.
johnsonii NBRC 13952 functions to kill the cells of A.
actinomycetemcomitans. Correlating with the result, a
high amount of hypodiploid DNA (SubG1) was detected
from the macrophage cells stimulated by L. johnsonii
NBRC 13952. Taken together, the results suggest that
macrophages activated by the Lactobacillus strain can
facilitate the phagocytosis of A. actinomycetemcomi-
tans cells by linking with enhanced apoptotic activities.
In conclusion, L. johnsonii NBRC 13952 has a certain
role in activating the RAW264.7 macrophages, thereby
counteracting the infection of A. actinomycetemcomi-
tans.
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INTRODUCTION

Macrophages are key phagocytes in the innate im-
mune response against invading microorganisms and
play a significant role in the modulation of an inflam-
matory environment in the tissues (DeLeo, 2004). The
response is influenced by the local microenvironmental
signals (Murray and Wynn, 2011). In general the initial
responder, macrophages usually trigger an inflamma-
tory response and produce proinflammatory mediators
such as tumor necrosis factor (TNF), IL-1, IL-6, IL-18,
and IL-12 (Cohen, 2002). The response promotes the
production of various antimicrobial factors and nitro-
gen intermediates that are highly toxic to kill infecting
microorganisms (Murray and Wynn, 2011). However,
excessive or prolonged macrophage activity for the bac-
terial clearance may trigger damage of the neighboring
tissues at the infected site (Benoit et al., 2007). Finally,
normal cell tissues are damaged through excessive re-
sponses by immune cells (Silva et al., 2015). Pathogens
such as Aggregatibacter actinomycetemcomitans might
be able to alter the modulation of leukocytic apoptosis
or the cell death of macrophages by which the host
immune response may be adversely influenced (Meyer
et al., 1996; DeLeo, 2004). Basically, a normal treat-
ing process for the bacterial infection is the phagocytic
activity and neutrophil apoptosis to kill the infecting
bacteria, and then the apoptotic neutrophil cells are
removed by macrophages (DeLeo, 2004). However, the
normal pathway might be altered by the pathogens,
which can use several survival strategies such as es-
caping the phagosome, inducing the lysis of neutrophil
cells, and delaying the process of apoptosis to promote
the propagation of intracellular pathogens (Meyer et
al., 1996; DeLeo, 2004). A previous study reported the
survival of internalized A. actinomycetemcomitans cells
inside the murine macrophage in the infection model by
confocal scanning microscopy (Kato et al., 1995). This
activity halts the cell cycle at the G, phase through the
suppression of p21 expressed and the degradation of cy-

5789



5790

clin D1, resulting in the induction of apoptotic cell death
(Kasai et al., 2010; Okinaga et al., 2013). In addition,
the biofilm of A. actinomycetemcomitans increased in a
porous-type hydroxyapatite (HA) rather than a dense-
type HA, although biofilm dispersal was observed with
time (Jaffar et al., 2016b). The property of porous-type
HA is similar to dentin, and the property of dense-type
HA is similar to enamel in the tooth (Sakaguchi and
Powers, 2012). The biofilm formed at the dentinal tu-
bule may cause the invasion of pathogenic cells through
the root of the dentinal tubule or pulp cavity (Li et
al., 2000). Therefore, an alternative approach via the
use of probiotic bacteria may be promising to combat
the pathogenic strain, as the mature biofilm of A. ac-
tinomycetemcomitans cells was degraded by probiotic
bacteria (Jaffar et al., 2016a). The approach has several
advantages due to the effect of probiotic strains, which
are able to modulate the immune response (Oelschlae-
ger, 2010; Jang et al., 2013, 2014; Ji et al., 2013). The
macrophage cells might be activated by lactobacilli,
which stimulate the production of both inflammatory
and anti-inflammatory cytokines such as IL-13, IL-
6, T1L-12, 1L-10, and TNF-o (Morita et al., 2002; Ji
et al., 2013). However, to the best of our knowledge,
there are so far no reports on the relationships between
immune response, probiotic bacteria, and pathogenic
bacteria. In this study we evaluated phagocytic activ-
ity by macrophage cells using the murine macrophage
cell line RAW264.7 as an immune cell, lactobacilli as
probiotic bacteria, and A. actinomycetemcomitans as a
pathogen. In particular, we determined the efficiency of
lactobacilli-activated macrophages in the presence or
absence of A. actinomycetemcomitans.

MATERIALS AND METHODS
Cell Culture

The murine macrophage cell line RAW264.7 was
grown in o-minimum essential medium (o-MEM;
Gibco Laboratories, Grand Island, NY) supplemented
with 5% fetal bovine serum, penicillin G (100 U/
mL), and streptomycin (100 pg/mL) at 37°C inside a
5%-controlled CO, incubator.

Bacterial Strains and Culture Conditions

Aggregatibacter actinomycetemcomitans strain Y4
was obtained from Kyushu Dental University, Japan,
and routinely grown in brain—heart infusion medium
(Difco Laboratories, Detroit, MI) supplemented with
1% yeast extract (wt/vol) by shaking at 120 rpm at
37°C and 5% CO, for 48 h. In addition, probiotic bacte-
ria Lactobacillus johnsonii NBRC 13952, Lactobacillus
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plantarum NBRC 15891, and Lactobacillus fermentum
NBRC 15885 were obtained from Kitakyushu College
of Technology, Japan. All probiotic bacteria were grown
in De Man, Rogosa and Sharpe medium supplemented
with 1 mL/L of Tween 80 (Fluka, Sigma-Aldrich, St.
Louis, MO) under anaerobic conditions at 37°C for 48
h.

Preparation of Lyophilized Dead Bacterial Cells

Overnight cultures of A. actinomycetemcomitans Y4
and probiotic lactobacilli were centrifuged at 12,063 x
g for 10 min. Each cell pellet was collected and washed
twice using autoclaved distilled water, and the pellet
suspension was adjusted to a cell concentration of 2
x 10" cells/mL and autoclaved at 120°C for 15 min.
Last, all samples were lyophilized using a freeze dryer
(Labconco, Kansas City, MO), and the powder forms
were preserved at —20°C for further experiments.

Screening of Phagocytosis Activity

The phagocytic activity of macrophages was deter-
mined using a phagocytosis assay kit (Cayman Chemi-
cal Co., Ann Arbor, MI). The RAW264.7 cells were
cultured in tissue-culture sets (1 x 10° cell/mL), seeded
in 6-well plates (Corning Inc., Corning, NY) at a con-
centration of 4 x 10° cell/mL, and incubated at 37°C
and 5% CO,. Each pellet suspension (2 mL) of dead
cells of A. actinomycetemcomitans Y4 or probiotic bac-
teria, L. johnsonii NBRC 13952, L. plantarum NBRC
15891, and L. fermentum NBRC 15885 was mixed with
the cell suspension of RAW264.7 macrophages to make
a mixture at the multiplicity of infection (MOI) of
1,000:1 (bacterial cells:macrophage cells) in a-MEM. A
sample without any bacterial suspension was used as a
negative control. All the samples were incubated for 24
h at 37°C and 5% CO,. The determination of phagocyt-
ic activity was performed using an assay reagent, latex
bead-rabbit IgG—fluorescein isothiocyanate (FITC;
Cayman Chemical Co.). Initially, the latex beads were
diluted 40 times using a-MEM, and the diluted reagent
(with beads) was replaced with the supernatant of the
above mixture (after 24 h) and incubated at 37°C for
2 h in the 5% CO, incubator. The IgG molecules bind
with a protective protein and fragment crystallizable
receptor on the surface of the activated macrophage
cells; thereby, the uptake of the beads was facilitated.
Thus, the presence of beads inside the macrophage cells
was determined as the phagocytic activity by detecting
the fluorescence at 498 nm of the excitation wavelength
and at 522 nm of the fluorescence wavelength. The
number of activated macrophage cells with the beads
was counted using the All-in-One fluorescence micro-
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scope system (Keyence, Tokyo, Japan). The percentage
of phagocytic activity was determined by calculating
the ratio of the total number of fluorescence macro-
phages to the total number of all macrophages.

Cell Viability

The cytotoxic effect of bacterial cells against the
RAW264.7 macrophage was determined using the
trypan blue exclusion method. Briefly, the overnight
culture of bacterial cells was centrifuged at 3,000 X
g for 10 min and suspended in a-MEM. The ratio of
bacterial cells and macrophage cells was adjusted to
MOI values of 500:1, 50:1, and 5:1 before coincubation
for 2 h at 5% CO,. Subsequently, the mixed cells were
washed thrice with a-MEM supplemented with 200 pg/
mL of gentamycin to kill all the bacterial cells outside
the macrophage cells and incubated in 2 mL of antibi-
otic-free a-MEM for an additional 18 h at 37°C and 5%
CO,. The viability of the macrophages was determined
by counting the number of viable cells (using a hemo-
cytometer) after being stained with 0.4% trypan blue
dye (Nacalai Tesque, Kyoto, Japan). In addition, the
effect of bacterial cells against the RAW264.7 cells was
investigated using a fluorescence label method using
a cytotoxicity assay kit for mammalian cells (Thermo
Fisher, Waltham. MA). The total number of bacteria
cells was determined using an automated microscopic
counting system for fluorescence-labeled cells in which
green-stained macrophage cells were viable and red-
stained cells were dead. The total number of viable
macrophages after the coincubation with bacterial cells
(A. actinomycetemcomitans Y4 or each probiotic bac-
terium; treated) was compared with that without any
bacterial cells (untreated); thereby, the cell viability
was displayed as the ratio of treated macrophage cells
to untreated ones.

Flow Cytometry to Analyze the Expression
of CD80 Molecule

The RAW264.7 macrophages were coincubated with
L. johnsonii NBRC 13952 at the MOI 1:5 at 37°C and
5% CO, for 24 h. The cell pellets were harvested through
centrifugation at 20,387 x g for 10 min. Subsequently,
the cell pellets were washed twice with sterilized PBS
before incubation with the FITC antimouse CDS80
(Biolegend, San Diego, CA) at a final concentration
of 0.025 mg/mL for 2 h at 4°C in the dark. Afterward,
the cell pellets were washed twice with sterilized PBS
and used for analysis by flow cytometer (EPICS XL;
Beckman Coulter, Brea, CA). The expression of CD80
molecules was compared with the RAW264.7 macro-
phages treated without bacterial cells.

5791
RNA Extraction and Real-Time PCR

The RAW264.7 cells were harvested and centrifuged
at 20,387 x ¢ for 10 min at 4°C, and the cell pellet was
stored at —80°C. Extraction of RNA from the cell pellet
was performed using a Qiashredder and RNeasy Mini
Kit (Qiagen, Valencia, CA) according to the manufac-
turer’s instructions. Total RNA was used for the cDNA
synthesis using ReverTra Ace qPCR RT master mix
(Toyobo Co. Ltd., Osaka, Japan). The procedures were
conducted as described in the manufacturer’s protocols.
Primers for real-time PCR were designed using Primer
Express 3.0 software (Applied Biosystems, Foster City,
CA), the reactions were prepared using Brilliant IIT
Ultra Fast SYBR green qPCR master mix (Agilent
Technologies, Santa Clara, CA), and the detection
was performed using an Applied Biosystems StepOne
real-time PCR system. The gene expression was calcu-
lated using the comparative cycle threshold (AACT)
method. All samples were normalized based on the
data using primers specific to the (3-actin gene. The
primers used for real-time PCR, were as follows: mouse
CD80 (Gene Bank accession no.), forward 5-TCCAT-
GTCCAAGGCTCATTC-3" and reverse 5-TAACG-

GCAAGGCAGCAATA-3'; mouse I[ILIB, forward
5-AGTTGACGGACCCCAAAA GA-3' and reverse
5-GGACAGCCCAGGTCAAAGG-3"; mouse IL18,

forward 5-CTCCAGCATCAGGACAAAGAAA-Y
and reverse 5'-GGCCAAGAGGAAGTGATTTGG-3';
and mouse (3-actin, forward 5'-CTGAACCCTAAGGC-
CAACCGTG-3" and reverse 5-GGCATACAGGGA-
CAGCACAGCC-3'.

Preactivation Assay

Briefly, RAW264.7 macrophages were coincubated
with L. johnsonii NBRC 13952 at the MOI 5:1 at 37°C
and 5% CO, for 24 h. Subsequently, the supernatant
was discarded and replaced with fresh a-MEM con-
taining viable A. actinomycetemcomitans Y4 cells to
achieve MOI 50:1. The cell mixture was precipitated
to the bottom of a 6-well plate through centrifuga-
tion at 1,000 x ¢ for 10 min and incubated at 37°C
and 5% CO, for 60 min to facilitate the phagocytosis
activity by macrophage cells. Subsequently, the cells
were washed thrice using a-MEM supplemented with
200 pg/mL of gentamycin to remove the bacterial cells
from the medium and then were replaced with fresh
a-MEM supplemented with 5% fetal blood serum and
incubated for an additional 24 and 48 h. After that, the
cell pellets were centrifuged at 20,387 x ¢ for 10 min,
and the supernatant was collected after filtration using
a 0.2-um membrane filter and preserved at —80°C for
further analysis. The remaining cell pellets were col-
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lected for the hypodiploid DNA (SubG1) analysis by
flow cytometer.

Analysis of SubG1

The analysis of SubG1 was performed by using the
cell pellet mentioned above. The pellets were washed
twice in PBS and treated with propidium iodide (50
pg/mL) at 4°C for 30 min. Subsequently, the level of
SubG1 was analyzed using Epics XL (Beckman Coul-
ter). The cycle phases were analyzed using Multicycle
for Windows (Phoenix Flow Systems, San Diego, CA).

Statistical Analysis

Data represent the mean 4+ standard deviation of at
least 3 independent experiments. Comparisons were
performed by the means of Student’s t-test using Graph-
Pad software (https://www.graphpad.com/quickcalcs/
ttest1/), and P < 0.05 was considered significant.

RESULTS

Enhanced Phagocytic Activity
by Probiotic Lactobacilli

Phagocytic activity is an important indicator of the
activation of macrophage cells, which triggers the com-
plex response for a host immune defense against the
pathogenic bacteria. In this study, the classical activa-
tion to promote the killing effect against the periodon-
topathic bacterium A. actinomycetemcomitans Y4 was
the main focus of our research.

The phagocytic activity of the macrophages triggered
by probiotic lactobacilli might be effective to activate
the immune cells. As shown in Figure 1, the phagocytic
activity of RAW264.7 cells induced by the dead cells of
lactic acid bacteria (LAB) was significantly higher (P
< 0.001) than that without LAB or with A. actinomy-
cetemcomitans Y4 cells. The highest activity was shown
in L. johnsoniit NBRC 13952, followed by L. plantarum
NBRC 15891 and L. fermentum NBRC 15885. On the
other hand, the macrophages treated with dead A. ac-
tinomycetemcomitans Y4 cells showed lower phagocytic
activity than those treated with dead LAB cells. The
result suggests that the probiotic lactobacilli have a
greater ability to activate the macrophages than A.
actinomycetemcomitans Y4.

Viability of the RAW264.7 Cells

Next, the cell viability of RAW264.7 macrophage cells
in the presence of each bacterial strain was evaluated
using viable bacteria cells at the different MOI values
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(500, 50, and 5). As shown in Figure 2A, the 3 LAB
strains had no or less cytotoxic effect on the RAW264.7
cells, although a moderate cytotoxic effect was shown in
L. fermentum NBRC 15885 at the MOI values 500 and
50, which had 55 and 41% of dead cells, respectively.
The percentage of dead cells in L. fermentum NBRC
15885 was evaluated as a significant difference (P <
0.05) compared with the untreated cells, whereas other
LAB strains showed the same effect as untreated mac-
rophage cells. Among the 3 LAB strains, L. johnsonii
NBRC 13952 showed the least cytotoxic effect against
the RAW264.7 macrophage cells. In contrast, viable
A. actinomycetemcomitans Y4 cells showed the highest
toxicity to the RAW264.7 cells (the percentage of dead
cells was 77 and 94% at the MOI values 5 and 500,
respectively) and highly significant difference compared
with the untreated cells (P < 0.001).

The production of pro-1L-13 (31 kDa) and IL-13 (17
kDa) from the RAW264.7 macrophage cells coincu-
bated with A. actinomycetemcomitans Y4 or LAB was
investigated using western blot. Interestingly, the active
form of IL-13 was expressed only in the macrophage
cells coincubated with A. actinomycetemcomitans Y4
cells. No active forms of IL-13 from the macrophages
were coincubated with the probiotic lactobacilli (Figure
2B), suggesting that probiotic lactobacilli can activate
macrophage cells without having to be cytotoxic to the
cells.

In addition, the influence of probiotic lactobacilli and
A. actinomycetemcomitans Y4 on the RAW264.7 cells
was evaluated using a fluorescence staining method.
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Figure 1. Phagocytic activity of RAW264.7 macrophages after a
24-h incubation with bacterial cells. The RAW264.7 macrophages were
coincubated with Aggregatibacter actinomycetemcomitans Y4 (A.a
Y4) or the probiotic strains Lactobacillus fermentum NBRC 15885
(Lf 15885), Lactobacillus plantarum NBRC 15891 (Lp 15891), and
Lactobacillus johnsonii NBRC 13952 (Lj 13952) at the multiplicity
of infection value 1,000:1, and the mixture was used to evaluate the
phagocytic activity using latex beads-rabbit IgG—fluorescein isothio-
cyanate. Bars represent the mean, error bars present the SD, and
significance was measured using Student’s t-test (*P < 0.05, ***P <
0.001).
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Figure 2. Viability of RAW264.7 macrophages after the infection of bacterial cells. (A) Initially, RAW264.7 macrophages were treated for 2
h with bacterial cells at the multiplicity of infection (MOI) values 500:1, 50:1, or 10:1. Then, the viability of RAW264.7 macrophages after the
additional 18-h incubation was determined by the trypan blue exclusion method. (B) The production of IL-13 was detected by Western blotting
for the supernatant of RAW264.7 macrophages coincubated with each bacterial cell at the MOI value 500:1. (C) The number of living RAW264.7
macrophage cells was evaluated after the incubation with probiotic lactobacilli (Lj 13952, Lp 15891, and Lf 15885) and a periodontal pathogen
(A.a Y4) as the control. A.a Y4 = Aggregatibacter actinomycetemcomitans Y4; Lj 13952 = Lactobacillus johnsonii NBRC 13952; Lp 15891 =
Lactobacillus plantarum NBRC 15891; Lf 15885 = Lactobacillus fermentum NBRC 15885. Bars represent the mean, error bars present the SD,
and significance was measured using Student’s #test (*P < 0.05, **P < 0.01, ***P < 0.001).
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Our results showed that the viability and proliferation
of RAW264.7 cells was remarkably increased by the
stimulation of LAB (Figure 2C). The number of viable
RAW264.7 cells coincubated with LAB increased up to
50% compared with the untreated cells. This suggests
that LAB promote the proliferation of macrophage cells.
In contrast, for the macrophage cells coincubated with
A. actinomycetemcomitans Y4, the number of viable
cells observed decreased, indicating that the RAW264.7
cells were killed.

M1 Markers Expressed by Activated Macrophages

Lactobacillus johnsonii NBRC 13952 at the MOI
value 5 had higher phagocytic activity (P < 0.001)
than the control (untreated macrophage cells; Figure
3A). The expression of M1 markers (e.g., IL-13, IL-18,
and CD80) was monitored to evaluate the activation of
macrophage cells. As a result, the expression of 1L-103
was significantly high (Figure 3B). In contrast, there
was no significant difference in the expression of I1-18
(Figure 3C). On the other hand, the expression of CD80
molecules showed a significant increase in the presence
of LAB (Figure 3D and E). Thus, the results that had
a high phagocytic activity and a high expression of M1
markers may indicate that L. johnsonii NBRC 13952
functions to activate the RAW264.7 macrophage cells.
A flow cytometer was used to reconfirm the expression
of CD80 molecules, which are important indicators for
the activation of macrophages. As shown in Figure 3E,
the expression of CD80 molecules in the RAW264.7
cells was upregulated by the stimulation of L. johnsonii
NBRC 13952.

Enhanced Phagocytic Activity by Activated
Macrophages Through the Stimulation of LAB

Because L. johnsonii NBRC 13952 activated the
macrophage cells, the activated macrophage may be
useful for facilitating the uptake of A. actinomycetem-
comitans Y4 cells. Thus, the phagocytic activity by the
activated macrophage cells was evaluated by using A.
actinomycetemcomitans Y4 cells. As shown in Figure 4,
phagocytic activity to A. actinomycetemcomitans Y4
cells remarkably increased by the pretreatment with L.
johnsonii NBRC 13952 (P < 0.001) compared with the
pretreatment with only A. actinomycetemcomitans Y4
or L. johnsonit NBRC 13952.

Furthermore, apoptotic activity was evaluated during
the phagocytosis to A. actinomycetemcomitans cells by
activated macrophage cells. The apoptotic activity was
determined by measuring the amount of SubG1 of the
RAW264.7 macrophages using a flow cytometer. Acti-
vated RAW267.4 cells had a significantly high amount
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of SubG1 (P < 0.001) compared with the control mac-
rophages treated with A. actinomycetemcomitans Y4,
whereas the macrophages without the pretreatment
had slower apoptotic activity (Figure 5). The results
indicate that the activated RAW264.7 macrophage cells
by L. johnsonit NBRC 13952 not only enhanced phago-
cytic activity but also increased apoptotic activity to
efficiently kill the cells of A. actinomycetemcomitans
Y4.

DISCUSSION

In this study, we demonstrated the effect of probiotic
lactobacilli in the phagocytic activity by macrophage
cells to combat the cells of A. actinomycetemcomitans.
Probiotic lactobacilli are highlighted to have not only
antimicrobial activity (Das and Goyal, 2014; Pieniz et
al., 2014; Shokryazdan et al., 2014) but also immuno-
modulation capacity (Kapila et al., 2012; Jang et al.,
2013; Christoffersen et al., 2014; Maldonado Galdeano,
2015). In our recent report, the probiotic lactobacilli
had a high ability to degrade a mature biofilm of A.
actinomycetemcomitans (Jaffar et al., 2016a). Basically,
A. actinomycetemcomitans is a significant periodontal
pathogen that is associated with aggressive juvenile
periodontitis (Aberg et al., 2015). Aggregatibacter ac-
tinomycetemcomitans produces immunosuppressive fac-
tors (Shenker et al., 1999), inhibits phagocytosis activ-
ity and the production of cytokines (Ando-Suguimoto
et al., 2014), and promotes apoptosis of the macrophage
(Kato et al., 1995; Okinaga et al., 2007, 2013). Thus,
A. actinomycetemcomitans Y4 as an infection source
is important for evaluating the effectiveness of the
RAW264.7 cells activated by probiotic lactobacilli.

A primary function of macrophages is to phagocytize
and degrade invading pathogens (Zhang and Wang,
2014). However, weakened phagocytosis might occur
due to the lack of a key phagocytic component to in-
crease the susceptibility to bacterial infection (Yuste et
al., 2006). An important step for the immunomodula-
tion by probiotic lactobacilli is to see the ability to
enhance phagocytic activity by the RAW264.7 cells.
Our results showed that the phagocytosis of activated
RAW264.7 macrophages was significantly stimulated
and that the activation of the macrophages was dif-
ferent between the probiotic lactobacilli species tested.
The result is comparable with a previous study that
demonstrated the ability of Lactobacillus casei CRL 431
and Lactobacillus paracasei CNCM 1-1518 to activate
macrophages and to improve a host response against
infection with Salmonella Typhimurium (Maldonado
Galdeano, 2015). In addition, one study showed that
the oral uptake of probiotic lactobacilli (Lactobacil-
lus acidophilus, L. casei, and Lactobacillus helveticus)
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Figure 3. Phagocytic activity and the production of M1 markers by the RAW264.7 macrophage cells with or without incubation with

Lactobacillus johnsonii NBRC 13952 at the multiplicity of infection (MOI) value

=

5:1. (A) Phagocytic activity, (B) IL-18, (C) IL-18, and (D,

E) the expression of CD80 molecules by real-time PCR and flow cytometer analysis. Bars represent the mean, error bars present the SD, and
significance was measured using Student’s t-test (*P < 0.05, ***P < 0.001). NS = no significant difference.

triggered a significant increase of phagocytic activity
(Kapila et al., 2012). Activated macrophages might
function to kill microbes (classical activation), produce
extracellular matrix components for the promotion of
wound healing (alternative activation), or secrete anti-
inflammatory cytokines to terminate the inflammation
(regulatory macrophages; Mosser and Zhang, 2008)

All 3 LAB strains used in this study were found to
induce a proliferation of RAW264.7 macrophage cells.
The ability of the LAB strains to induce macrophage
proliferation has been reported in a previous study that
mentioned a significant increase of macrophage viabil-
ity in the J774.1 murine macrophages coincubated with
Lactobacillus rhamnosus before and after infection with
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Aggregatibacter actinomycetemcomitans Y4 only (A.a), incubation
with Lactobacillus johnsonit NBRC 13952 only (Lj 13952), or prein-
cubation with L. johnsonii NBRC 13952 followed by a 2-h incubation
with A. actinomycetemcomitans Y4 cells (Treatment; multiplicity of
infection value 50). As a control, RAW264.7 macrophage cells without
any bacterial cells were used (Untreated). Bars represent the means,
error bars represent the SD, and significance was measured using
Student’s ttest (***P < 0.001).

herpes simplex virus type 1 (Khani et al., 2012). Cell
lysates from L. plantarum were also found to induce the
proliferation of immune splenocytes and Peyer’s patch
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Figure 5. Comparison of the hypodiploid DNA (SubG1l) amount
(apoptotic activity) of RAW264.7 macrophages after 24 and 48 h of in-
cubation with bacterial cells. The amount of SubG1 was detected from
the macrophage cells after incubation with Aggregatibacter actinomy-
cetemcomitans Y4 only (A.a Y4), incubation with Lactobacillus john-
sonii NBRC 13952 only (Lj 13952), or preincubation with L. johnsonii
NBRC 13952 followed by a 2-h incubation with A. actinomycetem-
comitans Y4 cells (Treatment). As a control, RAW264.7 macrophage
cells without any bacterial cells were used (Untreated). Bars represent
the means, error bars represent the SD, and significance was measured
using Student’s t-test (***P < 0.001).
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cells and to enhance the production of nitric oxide by
the peritoneal macrophages (Chae et al., 1998).

The activation of macrophages that coincubated with
L. johnsonii NBRC 13952 was determined by the expres-
sion of M1 markers, IL-1(3, IL-18, and CD80. Probiotic
bacteria have been reported to have a role in diminish-
ing the proinflammatory activity through enhancing
the production of IL-10 (Jang et al., 2013; Rong et al.,
2015) and inhibiting the expression of 1L-13, TNF-q,
and 11-6 (Jang et al., 2013). However, in this study, we
found that one of the probiotic lactobacilli, L. johnsonii
NBRC 13952, has a role in inducing the proinflamma-
tory response by upregulating the expression of IL-13
and CD80. A high amount of IL-13 and CD-80 may
trigger the activation of M1 macrophages, which is an
important response for an infection (Benoit et al., 2007;
Mosser and Zhang, 2008; Lopez-Castejon and Brough,
2011). In addition, an increased expression of IL-103 was
observed in the activated RAW264.7 cells with LAB,
although the viability of the macrophages was not af-
fected. The result might be due to the precursor of
IL-13, which is inactive and requires a proinflammatory
protease, caspase-1 (Thornberry et al., 1992), to be an
active form (Lopez-Castejon and Brough, 2011), and
subsequent proinflammatory activities (Aberg et al.,
2015). The production of pro-IL-13 might be stimulat-
ed by any molecule produced from bacterial cells (e.g.,
lipopolysaccharide), and the production of the active
form, T1-13 (17 kDa) might be due to the endogenous
molecules from dead macrophages, which can induce
the secretion of active IL-13 (Lopez-Castejon and
Brough, 2011). The activation of M1 macrophages was
also reported in a previous study using Bacillus amylo-
liquefaciens, demonstrating a significant expression of
1L-183, inducible nitric oxide synthase, TNF-«, and IL-6
(Jiet al., 2013). In addition, another study showed that
L. rhamnosus strains GG and LC705 induced the pro-
duction of IL-18 in the human macrophages through
the activation of caspase-1, thereby increasing inflam-
masome activity for the infection by influenza A virus
(Miettinen et al., 2012).

Aggregatibacter actinomycetemcomitans Y4 cells are
cytotoxic against macrophages by promoting the apop-
tosis of the cells (Kato et al., 1995). Because the induc-
tion of apoptotic activity was inhibited by cytochalasin
D, the uptake of A. actinomycetemcomitans cells inside
the macrophage cells should be a key event for the
cytotoxicity and apoptosis trigged by the cells (Kato
et al., 1995). Hence, the infection of A. actinomycetem-
comitans Y4 in the activated RAW264.7 macrophages
may stimulate not only a large amount of 1L-13 produc-
tion (Okinaga et al., 2015) but also the production of
inflammasome complex (Aberg et al., 2015), caspase-1,
and caspase-3 (Nonaka et al., 2001), resulting in the
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apoptotic cell death of macrophages. Conceptually,
the RAW264.7 macrophage cells preactivated by L.
johnsonii NBRC 13952 might make an active mode
of macrophage by inducing the A. actinomycetem-
comitans—infected macrophage cells to apoptosis. In
addition, a high expression of IL-13 may correlate with
high phagocytic activity induced by L. johnsonii NBRC
13952. Apoptotic cell nuclei are often fragmented, and
several chromatin fragments are released from a single
apoptotic cell and able to be detected by a flow cytom-
eter as an object characterized by SubG1 content. The
incorporated A. actinomycetemcomitans Y4 cells by the
activated macrophages were assumed to be killed when
the macrophage cells died via apoptosis (Schaechter et
al., 2013), resulting in a high amount of SubG1. This
might be an important pathway for the clearance of
A. actinomycetemcomitans cells inside the macrophage
cells. On the other hand, the internalized A. actinomy-
cetemcomitans Y4 cells by the macrophages without
the stimulation by L. johnsonii NBRC 13952 may have
more time to clean the cells (DeLeo, 2004), resulting in
delayed apoptosis, which had a lower amount of SubG1.
A previous study documents that different cytokines
such as TNF-q, IL-13, granulocyte macrophage colony-
stimulating factor, and transforming growth factor (31
are able to promote phagocytic activity (Sharma et al.,
2014).

CONCLUSIONS

Aggregatibacter actinomycetemcomitans is reported to
be pathogenic to humans, and this microbe is also found
to cause infection in animals. Counteraction of bacte-
rial infection using antibiotic administration has shown
a resistance issue, which might affect animal growth
and milk production. This study showed a potential
role triggered by probiotic lactobacilli to counteract
the infection. Probiotic lactobacilli used in this study
might promote an active mode of the macrophages
without killing the phagocytic cells. In addition, this
study is important for understanding a counteraction
mechanism of probiotic lactobacilli against an infection
of highly adaptive pathogens by modulating the innate
immune response. This may initiate or motivate the
supplementation of probiotic bacteria in dairy animals
as a nonchemical approach against an infection.
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