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Anti-Inflammatory Properties of Streptococcus salivarius, a Commensal
Bacterium of the Oral Cavity and Digestive Tract

Ghalia Kaci,>® Denise Goudercourt,“*f Véronique Dennin,“%*f Bruno Pot,“%*f Joél Doré,*® S. Dusko Ehrlich,>® Pierre Renault,®®
Hervé M. Blottiére,>® Catherine Daniel,“%*f Christine Delorme®?

INRA, UMR1319 Micalis, Jouy-en-Josas, France?, AgroParisTech, UMR Micalis, Jouy-en-Josas, France®; Institut Pasteur de Lille, Lactic Acid Bacteria and Mucosal Immunity,
Center for Infection and Immunity of Lille, Lille, France®, Université Lille Nord de France, Lille, France; CNRS, UMR 8204, Lille, France®, Institut National de la Santé et de la
Recherche Médicale, INSERM U1019, Lille, France

Streptococcus salivarius is one of the first colonizers of the human oral cavity and gut after birth and therefore may contribute to
the establishment of immune homeostasis and regulation of host inflammatory responses. The anti-inflammatory potential of S.
salivarius was first evaluated in vitro on human intestinal epithelial cells and human peripheral blood mononuclear cells. We
show that live S. salivarius strains inhibited in vitro the activation of the NF-kB pathway on intestinal epithelial cells. We also
demonstrate that the live S. salivarius JIM8772 strain significantly inhibited inflammation in severe and moderate colitis mouse
models. These in vitro and in vivo anti-inflammatory properties were not found with heat-killed S. salivarius, suggesting a pro-

tective response exclusively with metabolically active bacteria.

U nder physiological conditions, the commensal intestinal bac-
teria induce tolerance responses and trigger the maintenance
of immune homeostasis (1). Altered immune responses are
among the elements related to the pathogenesis of inflammatory
bowel disease (IBD), and mounting evidence indicates that the
NEF-«B signaling pathway plays a major role in inflammatory re-
sponses, making the pathway a potential target in therapy (2).
NE-kB, initially sequestered in the cytoplasm and whose release
upon activation of the signaling cascade allows free NF-kB trans-
location into the nucleus, plays the role of a transcriptional regu-
lator of genes involved in inflammatory processes (3). Some
strains belonging to Lactobacillus and Bifidobacterium species have
been shown to reduce inflammatory responses, including NF-kB
activation and interleukin 8 (IL-8) production, in various models
of intestinal epithelial cells (IECs) (4-6). Moreover, some lacto-
bacilli and bifidobacteria are able to induce anti-inflammatory
cytokines in human peripheral blood mononuclear cells (PBMCs)
invitro (7). These NF-kB or cytokine modulation capacities estab-
lished in vitro have been correlated with anti-inflammatory effects
in vivo. Indeed, daily oral administration of specific strains atten-
uated inflammation in mice, as shown using experimental models
of colitis induced by trinitrobenzene sulfonic acid (TNBS) or dex-
tran sodium sulfate (DSS) (7—11). Strains able to inhibit intestinal
inflammation in these models would likely be good candidates to
be used as probiotics against intestinal inflammation. Until now,
only a small number of human probiotic trials have proved prom-
ising in the prevention or treatment of IBD (12). Favorable effects
on irritable bowel syndrome (IBS), remission in patients with
mild to moderate ulcerative colitis (UC) or with mild but recur-
rent pouchitis, have been observed for the probiotic mixture
VSL#3, which is composed of eight species of lactic acid-produc-
ing bacteria: Lactobacillus plantarum, Lactobacillus delbrueckii
subsp. bulgaricus, Lactobacillus paracasei, Lactobacillus acidophi-
lus, Bifidobacterium breve, Bifidobacterium longum, Bifidobacte-
rium infantis, and Streptococcus thermophilus (13-15).

Positive clinical outcomes in chronic intestinal inflammation
or diarrheal disease were also described for the Gram-negative
strain Escherichia coli Nissle 1917, for Lactobacillus reuteri SD2112
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or Lactobacillus rhamnosus GG, and for the yeast Saccharomyces
boulardii (16).

Streptococcus salivarius is already established in the human oral
cavity a few hours after birth and remains there as a predominant
commensal inhabitant. The bacterium also inhabits the stomach
and jejunum (17, 18), suggesting that it plays an important role in
oral and digestive tract ecology.

Indeed, several S. salivarius strains isolated from the human
pharynx are able to interfere with respiratory pathogens. The S.
salivarius TOVE-R strain has been reported to be a successful an-
tagonist of virulent streptococci involved in tooth decay or phar-
yngitis, such as Streptococcus mutans, Streptococcus sobrinus, and
Streptococcus pyogenes (19), or pathogens involved in periodonti-
tis (20, 21). The inhibitory activity toward S. pyogenes and Strep-
tococcus prneumoniae has been attributed to bacteriocin produc-
tion (22-24). In addition, S. salivarius was found to be able to
affect immune responses by inhibiting inflammatory pathways
activated by the pathogens, suggesting a role in the modulation of
human epithelial cell immune responses (25, 26). Similarly, S.
salivarius strain K12, used for several years in New Zealand as an
oral probiotic to prevent colonization with S. pyogenes (24), af-
fected IL-8 secretion and innate immune response pathways in
bronchial and pharyngeal epithelial cells, suggesting a role in hu-
man nasopharyngeal immune responses (27, 28).

Until now, however, the potential of this species in the gastro-
intestinal tract (GIT) has not been investigated, e,g., in strategies
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TABLE 1 Bacterial strains used in this study

Reference or

Strain Identification  Origin or use source
JIM8772 S. salivarius Human oral cavity 43
JIM8224 S. salivarius Human oral cavity 43
JIM8775 S. salivarius Human oral cavity 43
CIP102503T  S. salivarius Human blood 43
BB536 B. longum Control strain for PBMCs ~ Morinaga Milk
Industry
Ltd.
Ls33 L. salivarius Commercial strain; control  Danisco
strain for PBMCs
MG1363 L. lactis subsp.  Cheese starter; control 44
cremoris strain for PBMCs

to prevent or treat inflammatory bowel diseases. Recently, we
demonstrated that culture supernatants from various S. salivarius
strains can display regulatory effects on the NF-«kB pathway in
human IECs. We showed that in vitro anti-inflammatory proper-
ties on IECs, as well as immune cells, through inhibition of NF-kB
activation were triggered by low-molecular-weight metabolites
present in the S. salivarius culture supernatants (29). In the pres-
ent study, we first investigated the in vitro immunomodulatory
properties of various S. salivarius strains by measuring (i) their
NE-kB repression activity in human IECs and (ii) their cytokine
induction potential on human PBMCs. We then evaluated the
protective capacity of the most efficient strain in an in vivo colitis
mouse model induced by TNBS.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The bacterial strains used in this
study are listed in Table 1. For both in vitro and in vivo assays, S. salivarius
strains were grown in M17 medium supplemented with glucose (0.5g/
liter) at 37°C, as previously described (29). Thus, the bacterial suspen-
sions grown were collected by centrifugation, washed, and resus-
pended in RPMI medium or NaHCO;-buffered medium at the desired
concentration (expressed in CFU/ml). Heat-killed bacteria were pre-
pared by heating bacterial suspensions at 65°C for 20 min. Bacteria
were determined to be nonviable by plating on M17 agar, and intact-
ness was verified by staining.

Some bacterial strains were used as reference strains for in vitro im-
mune cell stimulation, as previously described (7). Lactobacillus salivarius
Ls33 was grown under limited aeration at 37°C in MRS medium (Difco),
and B. longum BB536 was grown anaerobically in MRS supplemented
with 0.5% L-cysteine-hydrochloride (Sigma). Lactococcus lactis MG1363
was grown at 30°C in M17 medium supplemented with 0.5% glucose.
Reference strains, as well as S. salivarius strains, were grown until station-
ary phase, washed, and resuspended in phosphate-buffered saline (PBS)
containing 20% glycerol using a portable photometer (Densimat; bio-
Meérieux) to adjust cell density to a McFarland standard of 3 (30). These
standardized bacterial preparations, corresponding to approximately 1 X
10° CFU/ml, were stored at —80°C until further use.

Cell culture and analyses of NF-kB activation. HT-29 cells (ATCC
HTB-38) were grown in RPMI (Sigma) supplemented with 2 mM r-glu-
tamine, 100 IU/ml penicillin, 100 pg/ml streptomycin, and 10% heat-
inactivated fetal calf serum (Lonza) in a humidified 5% CO, atmosphere
at 37°C.

The regulatory effects of S. salivarius strains were tested as previously
described (29) using HT-29 cells expressing the NF-kB reporter system.
HT-29/kB-luc-E reporter cells were seeded at 50,000 cells per well into
96-well plates and incubated for 48 h before stimulation. The cells were
stimulated with an NF-kB activator (tumor necrosis factor alpha [TNF-
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al; 10% [vol/vol]) and were tested with washed S. salivarius bacterial
suspensions at a multiplicity of infection (MOI) of 40 bacteria per cell.
The stimulation time was 6 h for HT-29/kB-luc-E cells, and luciferase
activity was measured using the Luciferase Assay System (Promega) ac-
cording to the manufacturer’s instructions and quantified as relative lu-
minescence units (RLU). All measurements were performed using a mi-
croplate reader (Infinite 200; Tecan). The results are expressed as the
relative percentage of NF-kB activation compared to the positive control,
i.e., cells incubated with RPMI medium and stimulated with the NF-«B
activator. Cell viability was checked using CellTiter 96 Aqueous One so-
lution (Promega) according to the manufacturer’s protocol.

PBMC isolation and induction of cytokine release. PBMCs were iso-
lated from the blood of healthy donors as previously described (7). Briefly,
after Ficoll gradient centrifugation (Pharmacia), mononuclear cells were
collected, washed in RPMI, and adjusted to 2 X 10° cells/ml in RPMI
supplemented with gentamicin (150 pg/ml), L-glutamine (2 mM), and
10% fetal calf serum. PBMCs (2 X 10° cells/ml) were seeded in 24-well
tissue culture plates (Corning), and 20 i of the thawed bacterial suspen-
sions, prepared as described above, were added. This resulted in a bacte-
ria-to-cell ratio of approximately 10:1. PBS containing 20% glycerol was
used as a negative (nonstimulated) control. On the basis of preliminary
time course studies, 24 h stimulation corresponded to the best time point
for cytokine responses of bacterially stimulated PBMCs. After 24 h stim-
ulation at 37°C in air with 5% CO,, culture supernatants were collected,
clarified by centrifugation, and stored at —20°C until cytokine analysis.
Neither medium acidification nor bacterial proliferation was observed.
Cytokines were measured by enzyme-linked immunosorbent assay
(ELISA), using BD Pharmingen antibody pairs (BD Biosciences) for IL-
10, gamma interferon (IFN-vy), and IL-12p70 and R&D Systems human
tumor necrosis factor alpha (TNF-a), according to the manufacturer’s
instructions (7).

Mice. Seven-week-old female BALB/c mice were purchased from
Charles River. All animal experiments were performed following the
guidelines of the Institut Pasteur de Lille Animal Study Board, which
conforms to the Amsterdam Protocol on Animal Protection and Welfare,
and Directive 86/609/EEC on the Protection of Animals Used for Exper-
imental and Other Scientific Purposes, updated in the Council of Europe’s
Appendix A. The study has also been approved by the Ethic and Welfare
Committee for Experiments on Animals of the region Nord-Pas-de-Cal-
ais (approval number CEEA 19/2009R, date of approval 22 December
2012).

Induction of colitis and inflammation scoring. A standardized mu-
rine TNBS colitis model was used in which moderate and high levels of
inflammation were induced as previously described (31). Briefly, a 50-pl
solution of 100 or 130 mg/kg body weight TNBS (Sigma) in 50% ethanol
was administered in the colon. Groups of 12 mice were daily given either
NaHCO, buffer (control mice) or 5 X 10® live or heat-killed S. salivarius
JIM8772 bacteria intragastrically, starting 4 days before and continuing
until the day of TNBS administration. Three days after induction of coli-
tis, the mice were killed, and blood samples were immediately taken and
stored in heparinized tubes. After mouse dissection, 2 independent ob-
servers blindly scored the macroscopic inflammation of the colon follow-
ing the Wallace scale as described previously (31). Two-centimeter-long
fragments of the distal colon were collected and frozen at —80°C for
histological analysis; paraffin-embedded 5-wm sections stained with
May-Griinwald-Giemsa stain were examined under a microscope, and
tissue lesions were scored according to the Ameho criteria (32). Addition-
ally, the degree of polymorphonuclear neutrophil infiltration in the distal
colon was assessed by quantifying myeloperoxidase (MPO) (a granule
enzyme), as reported previously (33). Myeloperoxidase from human
polymorphonuclear neutrophils was used for calibration; 1 enzyme unit
degrades 1 pmol hydrogen peroxide/min/ml at 25°C.

Statistical analysis. Results were analyzed by the nonparametric
Mann-Whitney U test. Differences were judged to be statistically signifi-
cant when the P value was <0.05.
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FIG 1 Effects of S. salivarius on HT-29/kB-luc-E cells. HT-29 reporter cells
were incubated with live or heat-killed cells of S. salivarius strains JIM8772,
JIM8224, JIM8775, and CIP102503T in the presence or absence of TNF-a (10
ng/ml). “Control” corresponds to the luciferase activity of HT-29/kb-luc-E
reporter cells in the presence of TNF-a and RPMI. The results are represented
as means and standard deviations of triplicate measurements from one repre-
sentative out of 3 independent experiments. The data were analyzed by ¢ test. *,
P < 0.05; s, P << 0.001; ##x, P < 0.0001 compared to the control.

RESULTS

Effect of S. salivarius strains on NF-kB activation induced by
TNF-a in HT-29/kB-luc-E reporter cells. Recently, Kaci et al.
(29) showed that culture supernatant from S. salivarius strains
inhibited the NF-kB pathway in human IECs. In order to deter-
mine whether this property could be carried out by living bacteria,
we tested NF-kB modulation in HT-29/kB-luc-E reporter cells
stimulated by the proinflammatory cytokine TNF-« in the pres-
ence of live or heat-killed S. salivarius JIM8224, JIM8775,
JIM8772, and CIP102503T. The bacterial supernatants of these
four strains were previously tested among supernatants from 32 S.
salivarius strains that markedly inhibited TNF-a-stimulated
NE-kB activation. The JIM8772 and CIP102503T supernatants
were described as the most active, with inhibition rates of approx-
imately 70% (29). On HT-29 human IECs, the four live S. sali-
varius strains significantly inhibited TNF-a-induced NF-«kB acti-
vation (ranging from 50% to 80%), while heat-killed bacteria did
not (Fig. 1). This result illustrates that live S. salivarius strains
exerted immunomodulatory effects on IECs in a manner similar
to that observed with inhibition of NF-«kB activation by superna-
tants of S. salivarius (29).

pg/ml

Screening of S. salivarius strains on human PBMCs. The an-
ti-inflammatory IL-10 and proinflammatory TNF-a, IL-12, and
IFN-+y cytokine induction patterns of 4 S. salivarius strains, as well
as 3 bacterial reference strains, were measured in human PBMCs
(7) (Table 1 and Fig. 2; see Fig. S1 in the supplemental material).
The induction of cytokines was highly strain dependent for the 3
reference bacterial strains, as previously described (7). The anti-
inflammatory B. longum 5336 and L. salivarius Ls33 induced high
levels of IL-10 and low levels of IL-12 and IFN-v (Fig. 2; see Fig. S1
in the supplemental material). Conversely, L. lactis MG1363 ex-
hibited a proinflammatory profile, with low levels of IL-10 and
high levels of IL-12 and IFN-v. IL-10, IL-12, and IFN-vy release
patterns were comparable for the four S. salivarius strains and
resembled that of L. lactis MG1363, with a smaller amount of the
proinflammatory mediator IL-12 for strains JIM8772,
CIP102503T, and JIM8224 (Fig. 2). Less variation occurred for
TNF-a release for S. salivarius strains and for the reference strains,
as previously described by Foligne et al. (7) (see Fig. S1 in the
supplemental material).

Thus, in regard to the intrinsic in vitro immunomodulatory
capacity of S. salivarius on human PBMCs, we can observe that the
four strains investigated present the same cytokine release pattern,
close to an “immunostimulatory profile” with low induction of
IL-10 and moderate levels of IL-12, IFN-vy, and TNF-«. The re-
sults observed on human PBMCs are not correlated with the im-
munomodulation properties found with S. salivarius strains that
inhibit TNF-a-stimulated NF-«B activation in IECs.

Protection by S. salivarius JIM8772 against colitis in TNBS-
treated mice. As the in vitro induction of cytokines on human
PBMC:s did not allow evaluation of the specific potential of each S.
salivarius strain, we chose strain JIM8772, for which both fractions,
live bacteria and supernatant (29), were the most efficient inhibitors
of NF-kB transcriptional activity, for further testing. We first investi-
gated its ability to prevent strong TNBS-induced colitis in BALB/c
mice. The Wallace and Ameho scores were used to quantify macro-
scopic and histological inflammation, respectively, in the colons of
mice. Polymorphonuclear neutrophil infiltration was measured in
the distal colon by quantification of the MPO activity. In the experi-
ment, intrarectal instillation of TNBS triggered intense inflammation
of the distal colon and weight loss (data not shown). Live or heat-
killed S. salivarius JIM8772 bacteria were administered daily to mice

450 -
400 A

350 A
300 A
250 A

200
150 -
100 -
50 A -

FIG 2 Comparative anti-inflammatory IL-10 (A) and proinflammatory IL-12 (B) cytokine responses of human PBMCs stimulated with bacterial reference
strains and S. salivarius strains for 24 h. Immunocompetent cells were stimulated by bacteria for 24 h at an MOI of 10, and the collected supernatants were
analyzed by ELISA. The data are expressed as means and standard deviations of the results for four distinct healthy blood donors. Bl, B. longum; Ls, L. salivarius;

LL, L. lactis; Ss, S. salivarius.
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FIG 3 Protective effect oflive S. salivarius JIM8772 against strong TNBS-induced colitis. BALB/c mice were fed for 5 days with carbonate buffer (control) or 5 X
10® CFU oflive or killed S. salivarius, and strong TNBS colitis was induced intrarectally (130 mg/kg). (A) Individual macroscopic disease scores (Wallace scores).
(B and C) Macroscopic (Wallace) and histological damage (Ameho) scores. (D) Colonic MPO activities. Horizontal lines represent mean scores = standard
errors of the mean (SEM) (n = 12 per group). ns, nonsignificant; *x:#, P < 0.001 versus a TNBS colitis control group. (E) Histologic features illustrated with
representative sections of the May-Griinwald-Giemsa-stained distal colons of mice after TNBS-induced colitis following no treatment (TNBS control) or daily
intragastric treatment with dead or live JIM8772 S. salivarius bacteria (original magnification, X40) in comparison to healthy mice (No colitis). The results were

all recorded 72 h after induction of colitis.

by the intragastric route for 5 consecutive days before TNBS admin-
istration. No significant reduction of weight loss was observed in both
S. salivarius groups (live and dead) compared to the TNBS control
group (data not shown). The prophylactic administration of live S.
salivarius led to a 55% reduction of the macroscopic inflammation
score compared to the TNBS control group (Wallace score, 6.2 * 0.3
versus 2.8 £ 0.6; P < 0.001) (Fig. 3A and B). Moreover, we found a
69% reduction of the Ameho score in mice that had received live
bacteria compared to the TNBS control group (Ameho score, 4.8 *
0.3 versus 1.5 = 0.56; P < 0.001) (Fig. 3C). Lastly, tissue MPO activity
was reduced in the group of mice fed live S. salivarius (Fig. 3D).
Histological lesions were observed in TNBS control mice with
transmural inflammation and important thickening of the colon
wall, characterized by prominent inflammatory infiltrates of mono-
nuclear cells (mainly neutrophils) in the lamina propria, extensive

February 2014 Volume 80 Number 3

ulceration, and focal epithelial necrosis extending into the muscle
layers, in addition to massive goblet cell depletion (Fig. 3E). Signifi-
cant histologic improvements were found in the group of mice fed
live S. salivarius, with only slight thickening of the submucosa; mild,
localized submucosal inflammatory infiltrates; moderate superficial
erosions; and the presence of a few crypts with minor hyperplasia,
resulting in a well-conserved mucosal architecture more similar to
the normal appearance of colons from healthy mice (Fig. 3E).

In contrast, no significant improvement of colitis (Wallace or
Ameho score) and no reduction in tissue MPO was observed in
the group fed heat-killed bacteria (Fig. 3A to E).

We also investigated the anti-inflammatory potential of oral
administration of live S. salivarius using a moderate TNBS mouse
colitis model. Intrarectal instillation of 100 mg/kg of TNBS trig-
gered moderate inflammation of the distal colon, which was infil-

aem.asm.org 931

aouerld - VYNNI Aq 102 ‘G Areniga4 uo /Aio wise wak//:dny wol) papeojumod


http://aem.asm.org
http://aem.asm.org/
http://aem.asm.org/

Kaci et al.

A EE L
ns

T4

Q

£

©

$3-

o

S

o 2 b

-y

o

2

o171

o

(©

=

0 - T T J
TNBS Dead Live No colitis
control bacteria  bacteria

B

- 4 - * %

€ ns

S ———————

g3

=

e}

5 ;-

o

Q

=

L 19 I-'-l

=

o

5]

S . . — .
TNBS Dead Live No colitis
control bacteria bacteria

FIG 4 Protective effect of live S. salivarius JIM8772 on moderate TNBS-induced colitis. BALB/c mice were fed for 5 days with carbonate buffer (control) or 5 X
10® CFU of live or killed S. salivarius, and moderate TNBS colitis was induced (100 mg/kg). (A) Macroscopic disease scores (Wallace scores). (B) Colonic MPO
activities. The results were recorded 72 h after induction of colitis. Horizontal lines represent means = SEM (n = 12 per group). ns, nonsignificant; #:, P < 0.01;

sk, P << 0.001 versus a TNBS colitis control group.

trated by polymorphonuclear neutrophils (Wallace score, 3.2 *
0.4; MPO activity, 2.9 = 0.1) (Fig. 4). Administration of live S.
salivarius JIM8772 bacteria led to a 50% reduction of the Wallace
score and MPO activity (Wallace score, 1.65 = 0.5; MPO activity,
0.9 = 0.2). We confirmed again that oral administration of live S.
salivarius bacteria protects against moderate TNBS colitis, in con-
trast to administration of its heat-killed form (Fig. 4).

DISCUSSION

There has been an increase in the number of investigations on the
role of microbiota in human health and disease. Dysbiosis in the
gut microbiota plays an important role in promoting and main-
taining inflammation in IBD. In the present study, we have shown
that an S. salivarius strain isolated from the oral cavity is able to
prevent inflammatory responses both in vitro and in vivo. First,
four live S. salivarius strains inhibited in vitro the activation of the
NF-kB pathway in human intestinal epithelial cells. Second, the
live commensal strain S. salivarius JIM8772 significantly inhibited
inflammation in a moderate and severe colitis mouse model. It is
noteworthy that the in vitro and in vivo anti-inflammatory prop-
erties of the live strain were not found with heat-killed S. sali-
varius, suggesting that the protective response was linked to bac-
terial physiological and metabolic activities.

In vitro anti-inflammatory properties of several other S. sali-
varius strains have recently been highlighted using various cellular
models. Using different cell lines (gingival, bronchial, pharyngeal,
and intestinal epithelial mucosa), it has been shown that NF-«kB
activation and IL-8 production were reduced after stimulation
with flagellin from pathogens such as Yersinia enterolitica, Aggre-
gatibacter actinomycetemcomitans, Pseudomonas aeruginosa, and
Salmonella enterica subsp. enterica serovar Typhimurium (20, 25,
27,28). Although here we described anti-inflammatory properties
of S. salivarius on stimulated IECs, we also showed that the immu-
nomodulation properties of these strains were different on immu-
nocompetent PBMCs. This apparent discrepancy suggests that the
in vivo anti-inflammatory effects observed may be triggered by the
intracellular signaling pathways and the innate immune responses
of epithelial cells, rather than by the immunocompetent-cell-
based immunity of the host.

To our knowledge, the comparison of cytokine secretion pat-
terns of immune cells, such as dendritic cells, macrophages, and
lymphocytes, induced by distinct S. salivarius strains has never
been reported. Interestingly, different strains of S. thermophilus, a
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species phylogenetically closely related to S. salivarius, were shown
by Kekkonen et al., as well as by some studies from our laboratory
(data not shown), to induce high levels of IL-12 and IFN-y on
PBMC:s (34). Nevertheless, a preventive effect on inflammation in
mice was observed with different S. thermophilus strains (35, 36).
Moreover, Ogita et al. showed that S. thermophilus ST28 repressed
IL-17 production and decreased the number of Th17 cells in stim-
ulated murine splenocytes isolated from inflamed intestines (36).
These observations, suggesting that strains from the salivarius
group may lack the correlation found in most other lactic acid
bacteria (LAB) (7) between the cytokine profile evoked in human
immune cells and their in vivo protective effect, are not unique.
Foligne et al. have shown that in vitro immune profiling of bacte-
rial and yeast strains on PBMCs is not always predictive of their in
vivo protective effect in a mouse colitis model. Indeed, while L.
plantarum strain NCIMB8826 induces relatively small amounts of
IL-10, it still induces moderate but significant protection levels in
a TNBS model (7). Moreover, the same authors showed that two
Saccharomyces strains that had similar immune profiles in vitro
performed differently in a colitis model: one strain was protective,
whereas the other was not (37).

Over the past decade, probiotics belonging to different species
have been evaluated for their efficacy in the prevention of inflam-
mation. Their beneficial effects on the host were shown to be trig-
gered by different mechanisms. Although some protective effects
on epithelial cells require living bacteria, different immune re-
sponses have also been described for bacterial supernatants or for
dead bacteria (for a review, see reference 38). Dead LAB were
shown to have the same potential as live bacteria to modulate IL-8
production and macrophage activation in cellular models or to
prevent Salmonella invasion and decreasing proinflammatory
mediators in organs of living mice. These observations suggest
that active components in killed bacteria could be cell surface
components, such as lipoteichoic acid or peptidoglycan from the
cell wall (39-41), as well as existing metabolites or cell compounds
released from the dead cells. In this study, we showed that oral
administration of alive S. salivarius strain protects against inflam-
matory disorders in mice, while administration of dead bacteria
does not. As the anti-inflammatory effects of S. salivarius JIM8772
were found in vitro with living bacteria and their culture superna-
tants, we hypothesize that the in vivo immunomodulatory prop-
erties of the strain are mediated by an active compound secreted
by S. salivarius. Indeed, we have recently reported that S. salivarius
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JIM8772 and CIP102503T release a low-molecular-weight soluble
factor(s) that significantly reduces the activation of NF-kB and IL-8
secretion in intestinal epithelial and immune cell lines (29). This ob-
servation challenged us to investigate the anti-inflammatory proper-
ties of the orally administered culture supernatant of S. salivarius
JIM8772 in TNBS-treated mice. In these experiments, we observed
that culture supernatants, but also the chemically defined medium
used as a negative control, were protective (data not shown). While
greater protection was found with culture supernatants, further
experiments should be performed to confirm this observation. Inter-
estingly, similar data were obtained by Sokol et al., who tested super-
natant from a Faecalibacterium prausnitzii culture in a TNBS-in-
duced colitis model and found that the sterile culture medium by
itself was also protective (42). Similarly, B. breve conditioned me-
dium corresponding to secreted soluble factors was shown to
downregulate TNBS inflammation in mice by attenuating chemo-
kine production, whereas the effect of the nonconditioned me-
dium by itself was not tested (9). Our study and previous work
suggest that secreted compounds may have protective effects in
TNBS-induced inflammation in mice, although further work is
needed to clarify the respective effects of the culture media and the
secreted metabolites.

In summary, in this study, we addressed for the first time the
immunomodulatory properties of S. salivarius strains in vivo and
showed their beneficial anti-inflammatory properties. Our study
also shows that the products from the metabolic activity of the
bacteria are likely essential in these anti-inflammatory responses.
The exact mechanism of action, as well as the implications of this
ubiquitous commensal in human health, remains to be studied.
The facts that a strain of S. salivarius has been used without any
safety issues for many years as an oral probiotic against strepto-
coccal pharyngitis and halitosis in New Zealand (24) and that
strain K12 received FDA generally regarded as safe (GRAS) status
in the United States in 2011 might facilitate the use of other strains
of this species as probiotics.
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