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a b s t r a c t

The human microbiota is a source of probiotics capable of modulating the host immune system. In this
study, we collected fecal samples from 100 healthy infants and isolated lactic acid bacteria which were
screened for immune modulating effects on tumor necrosis factor a (TNF-a) production. Cell-free culture
supernatants from 26 isolates were able to decrease TNF-a production in vitro and three of the isolates
were selected as candidate probiotics (MSMC39-1, MSMC39-3, MSMC57-1). These isolates were iden-
tified using 16S ribosomal DNA sequencing as Lactobacillus paracasei, Lactobacillus casei, and Weissella
confusa respectively. All three isolates were acid tolerant and bile tolerant to pH 3.0 and 4% bile
respectively. Preparations of cell-free culture supernatants were processed and tested, and revealed that
cell-free culture supernatants of isolates L. paracasei MSMC39-1, L. casei MSMC39-3, and W. confusa
MSMC57-1 decreased the production of TNF-a significantly and were heat resistant. Only L. paracasei
MSMC39-1 supernatant was proteinase-K sensitive. The effects of viable bacteria, heat-killed bacteria,
and sonicated bacteria were compared. The heat-killed preparations of isolate W. confusa MSMC57-1
decreased the production of TNF-a. Sonicated cell preparations did not significantly alter TNF-a pro-
duction. For isolates L. paracasei MSMC39-1 and L. casei MSMC39-3, this suggests that a substance in the
cell-free culture supernatant may be responsible for in vitro cytokine modulation.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Commensal bacterial cells outnumber human cells up to 10-fold
[1]. A human can be viewed as a “super organism” [1] consisting of
human and bacterial cells. These cells are considered by some as a
distinct “organ” [2] that interacts extensively with the rest of the
human body [3]. In particular, the microbiota interacts with the
immune system and can affect inflammation within the body [3],
[4]. Decreased diversity of gut microbiota has been noted in a twin
study of patients with inflammatory bowel disease [5]. Some
anaerobic bacteria may be associated with the development of
colitis in animal models which are immune-deficient [6]. Experi-
ments in germ-free animal models introduced to different micro-
organisms suggests a relationship between the microbiota and
gy, Faculty of Medicine, Sri-
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ipatr).
rheumatoid arthritis [7]. Significant differences exist between
psoriatic skin and normal skin belonging to the same individual [8].

Tumor necrosis factor a (TNF- a) is a pro-inflammatory cytokine
released by immune cells that trigger a wide range of responses
including inflammation, cell apoptosis, and maturation of immune
cells [9]. TNF-a is an immune mediator that has also been linked
with inflammatory bowel disease, rheumatologic conditions, and
even depression [10]. The role of TNF is especially clear in auto-
immune diseases such as ulcerative colitis and Crohn's disease and
treatment of patients with TNF-a inhibitors effectively slow the
progression of disease [11] [12], however, they also increase the
patient's susceptibility to infections, especially reactivation of
latent mycobacterial infection [13].

The modification of the internal microbial environment can be
done using probiotics, which are defined as live microorganisms
associated with beneficial effects for humans and animals [14] and
have been used in human food fermentation for thousands of years
[15]. Bacteria in the genus Lactobacillus and Bifidobacterium often
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exhibit probiotic properties; however, the effectiveness of these
bacterial species against particular diseases are specific to certain
strains [16]. These strains are likely to have evolved in concert with
hosts and may have provided hosts with a competitive advantage
[17].

The bacterial cell itself modulates the immune system. Co-
incubation of probiotic bacteria with human peripheral blood
mononuclear cells affected both cell-mediated immunity and
cytokine production [18] while use of different cell preparations
including live and inactivated probiotic bacteria have shown strain
and preparation-specific effects on the immune system [19].

In experimental colitis models, compounds from potentially
probiotic bacteria suppressed the production of pro-inflammatory
cytokines and decreased the severity of inflammation [20]. Maz-
manian et al. showed that a substance, polysaccharide A, secreted
from commensal Bacteroides fragilis was able to decrease the pro-
duction of pro-inflammatory IL-17 in an animal model [21] while
Thomas et al. demonstrated than a Lactobacillus reuteri strain
reduced TNF-a secretion from monocytes through the production
of histamine from L-histidine [22].

A small double-blinded randomized controlled trial showed
decreased inflammation and improved quality of life in ulcerative
colitis patients who underwent surgery and received the probiotic
VSL#3 [23]. However, a Cochrane meta-analysis concluded that at
present there is insufficient evidence to prove efficacy of probiotics
for maintaining remission in ulcerative colitis patients [24], and
more effort is needed to substantiate probiotics as an alternative
treatment for these patients.

In humans, the infant gastrointestinal tract is quickly colonized
bymicrobes after birth. There is a higher proportion of Lactobacillus
and Bifidobacterium due to oligosaccharides in milk as well as other
factors [25]. Therefore, our study aimed to isolate new probiotics
from Thai infants, screen for potential probiotic properties, and
assess individual immune modulating effects of bacterial cell
preparations. Due to the human origin of our samples, we expected
to find suitable probiotic candidates that exert immunemodulating
effects either through secreted substances or bacterial cell
components.

2. Material and methods

2.1. Subjects and cultivation of samples

Ethical approval (SWUEC 37/2551) was granted from a research
ethics committee. One hundred samples of healthy neonatal hu-
man feces were obtained from HRH Princess Maha Chakri Sirind-
horn Medical Center. Informed consent was obtained from parents.
Fresh fecal samples were taken by sterile cotton swab and inserted
into a modified CaryeBlair transport medium (Oxoid, Hampshire,
UK). The samples were processed immediately upon receipt.

The fecal samples were diluted in normal saline solution (NSS)
and spread onto de Man-Rogosa-Sharpe (MRS) agar plates (Oxoid,
Hampshire, UK), a media which is selective for lactic acid bacteria
[26]. The plates were incubated at 37 �C for 24e48 h under
anaerobic conditions using an anaerobic GasPak (Mitsubishi, Japan)
in an anaerobic box (Mitsubishi, Japan). Colonies of different mor-
phologies were isolated on MRS agar plates. Single, pure colonies
were isolated and sub-cultured for experimental use.

2.2. Selection and screening of lactic acid bacterial isolates

Each isolate was selected based on Gram reaction and catalase
testing. To test for catalase, isolated bacteria were mixed with 3%
H2O2. Immediate formation of bubbles indicated the presence of
catalase. Selected isolates of catalase-negative, gram-positive,
regular rods, short rods or coccobacilli were maintained as frozen
cultures in MRS broth with 20% glycerol at �80 �C. Production of
acid by bacteria was confirmed by sampling spent culture using pH
strips. Candidate lactic acid bacteria were screened for modulation
of TNF-a production as detailed below. Three candidate isolates
which showed the greatest inhibitory effect on TNF-a production
were selected for further characterization as cell-free supernatant,
viable bacteria, heat-killed bacteria, and sonicated bacterial cells. A
gram-negative isolate was selected as a comparison because it
showed growth on MRS agar and stimulated TNF-a production
during screening.

2.3. Preparation of cell-free culture supernatant

Bacterial isolates from human fecal samples were recovered
from �80 �C. Cell-free culture supernatants were prepared as
previously described [27]. In brief, isolates were grown anaerobi-
cally overnight in MRS broth at 37 �C. Cultures of 1� 108 cells/ml of
isolates were diluted in MRS broth and were further grown
anaerobically for 48 h. Cell-free culture supernatant was collected
by centrifugation at 3000 g for 10 min and was filter-sterilized
using a 0.22 mm pore size filter (Sigma, USA). For characterization
of heat sensitivity, 1 ml of cell-free culture supernatants were
incubated at 95 �C for 15 min [28]. Protease sensitivity was tested
by incubating a separate 1 ml of supernatants with proteinase K
(final concentration of 1 mg/ml) at 37 �C for 3 h and inactivated at
95 �C for 10 min [29]. Supernatant was filtered for size using
Amicon® centrifugal filter units with a 30 kDa molecular weight
cutoff (Merck Millipore, Darmstadt, Germany). Samples were
frozen at �20 �C until analysis [30].

2.4. Preparation of viable and heat-killed lactic acid bacteria

Overnight cultures of 3 selected lactic acid bacterial isolates
(MSMC39-1, MSMC39-3, MSMC57-1) and MSMC109-3 were
diluted in MRS broth to 1 � 109 cells/ml. The samples were
centrifuged at 3000 g for 15 min and washed twice with normal
saline solution and then re-suspended in PBS. Viable bacteria were
used immediately. Heat-killed preparations were placed in hot
water bath at 75 �C for 1 h [31], [32]. Heat-killed bacteria were
stored at �20 �C until analysis. Bacterial viability was tested by
inoculation on MRS agar and anaerobic incubation for 48 h.

2.5. Preparation of sonicated lactic acid bacteria

Overnight cultures of the 3 selected lactic acid bacterial isolates
(MSMC39-1, MSMC39-3, MSMC57-1) and comparison isolate
MSMC109-3 were adjusted to 1 � 109 cells/ml. Samples were
centrifuged at 3000 g for 15 min and re-suspended in serum-free
RPMI1640. Isolates were sonicated repeatedly in 15 s intervals us-
ing ultrasonic homogenizers (Sonopuls, Bandelin, Germany) until
cells were completely sonicated [33]. Samples were stored
at �20 �C until analysis.

2.6. THP-1 cell culture and bioassay for TNF-a

Cell culture and in vitro bioassays were performed as previously
described [27]. Briefly, the THP-1 human monocytic cell lines
(ATCC, TIB 202) were maintained in RPMI 1640 (Gibco-Invitrogen,
USA) supplemented with 10% heat-inactivated fetal bovine serum
(FBS; Gibco-Invitrogen, USA) and were incubated at 37 �C in hu-
midified 5% CO2 incubators. For bioassays, THP-1 cells were seeded
in 96-well plates at a final density 2.5 � 105 cells/ml. Cells were
incubated with cell-free culture supernatant (5% v/v), heat-treated
cell-free culture supernatant (5% v/v), protease digested
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supernatant (5% v/v), viable cells (20% v/v), heat killed bacteria (20%
v/v), sonicated preparations (20% v/v) and 100 ng/ml purified
lipopolysaccharide (LPS) from Escherichia coli serotype O127:B8
(Sigma, USA). After 3.5 h, supernatants were collected by centri-
fugation at 1000 g for 9 min in 4 �C for TNF-a measurement. Cell
viability was assessed by the trypan blue (Gibco-Invitrogen, USA)
stain exclusion assay. Assays were done three times, in duplicate.

2.7. TNF-a measurement

TNF-a production in THP-1 monocytic cell culture supernatants
were measured with cytokine-specific sandwich quantitative
enzyme-linked immunosorbent assay (ELISA) according to the
manufacturer's instructions (R&D Systems, USA). Recombinant
human TNF-a was used as standard. Absorbance was measured at
450 nm using a BioTek® Synergy™ HT (Multi-Detection Microplate
Reader, USA). Results of cytokine concentration were quantified
from a standard curve and expressed as pg/ml of culture medium.
Statistical significance or differences were evaluated by GraphPad
Prism version 6.04 using Student's t-test with one-tailed distribu-
tion. A p-value � 0.05 was considered statistically significant.

2.8. Acid and bile tolerance test

MRS broth was adjusted with 1 N HCl to pH 2, 3, and 4 or
supplemented with 1%, 2%, 3%, and 4% bovine and ovine bile
(Sigma, USA) [34]. Unadjusted MRS broth was used as a control.
Overnight cultures of candidate probiotics isolates (MSMC39-1,
MSMC39-3, and MSMC57-1) were diluted to an initial bacterial
concentration of 1 � 108 cells/ml in each 10 ml of adjusted or un-
adjusted MRS broth and incubated at 37 �C for 3 h under anaerobic
conditions. Samples were taken and serial 10-fold dilutions (in PBS,
pH 7.2) of each sample were prepared (10�1e10�5). Viable bacterial
counts were determined by spreading each serial dilution ontoMRS
agar plates, which were incubated at 37 �C for 24e48 h anaerobi-
cally. Viable bacteria were displayed as cell numbers and the log-10
of colonies grown on MRS agar compared to the initial bacterial
concentration. One-tailed Student's t-test was used to detect a
statistically significant decrease in colony counts. Experiments
were performed three times, in duplicate.

2.9. 16S ribosomal RNA gene sequence analysis

The candidate and comparison isolates were analyzed using 16S
rRNA gene sequencing as described previously [27]. The 16S rRNA
genewas amplified using primers 20F 50 AGT TTG ATC CTG GCT C 30

and 1500R 50 AAG GAG GTG ATC CAG CC 30. For PCR, overnight
culture of a colony of each isolate was re-suspended with 30 ml of
milliQ water. In a total volume of 10 ml, 10 pmol of each primer, 5 U
Taq DNA polymerase, 2 mM dNTP, 25mMMgCl2 and 10X Taq Buffer
with (NH4)2SO4 were added. The reaction was thermally cycled as
follows: an initial denaturation at 94 �C for 3 min; 30 cycles of
denaturation at 94 �C for 1 min, annealing at 50 �C for 1 min,
extension at 72 �C for 2min; and a final extension at 72 �C for 3min.
PCR products were purified using a Geneaid Gel/PCR DNA Frag-
ments Extraction Kit (Geneaid Biotech, Bade City, Taiwan). The
sequence analysis of PCR products was performed by Macrogen in
Seoul, Korea. The nucleotide sequences were processed and
compared with sequences deposited in Ribosomal Database Project
(RDP-II; http://rdp.cme.msu.edu/html). The percent identity of the
bacterial isolates was determined on the basis of the highest scores.
The closest relatives of the 16S rRNA gene sequences were evalu-
ated a similarity of �98% to 16S rRNA gene sequences of type
strains was used as the criterion for identification.
3. Results

3.1. Screening for immunomodulation of TNF-a production in THP-1
monocytic cells and selection of candidate isolates

Initial morphological and biochemical characterization revealed
93 isolates of lactic acid bacteria with gram-positive short rods,
long rods, coccobacilli, and bacilli morphologies which were acid-
producing and catalase negative. Twenty-six of the 93 lactic acid
bacterial isolates were able to inhibit TNF-a production with sta-
tistical significance (p < 0.01) (Fig.1). IsolatesMSMC39-1, MSMC39-
3, and MSMC 57-1, in particular, showed the greatest inhibitory
effect on TNF-a production by as much as 89%, 84%, and 81%
respectively compared to MRS controls. These three isolates were
selected for genotypic and phenotypic characterization as well as
acid and bile salt tolerance. These three isolates were also selected
for characterization of immune modulating properties of different
bacterial preparations. One isolate was selected as a comparison
isolate.

Genotypic characterization by 16S rRNA gene sequencing of
selected isolates identified MSMC39-1 and MSMC39-3 as Lactoba-
cillus paracasei (100%) and Lactobacillus casei (100%), respectively.
MSMC57-1 was identified as Weissella confusa while the compari-
son isolate MSMC109-3 was identified as Klebsiella pneumoniae
(Table 1).

3.2. Acid and bile tolerance test

When compared to MRS control, the viable counts of MSMC39-
1, MSMC39-3, and MSMC57-1 at pH 2.0 decreased significantly by
about 2, 1, and 4 log values respectively. Both MSMC39-1 and
MSMC39-3 showed acid tolerance at pH 3.0 and 4.0, while
MSMC57-1 showed a slightly significant decrease at pH 3.0 (Fig. 2).
All three isolates, MSMC39-1, MSMC39-3, and MSMC57-1 tolerated
bile at 1%, 2%, 3%, and 4% when compared to MRS bacterial media
control (Fig. 3).

3.3. Effects of cell-free culture supernatant preparations on TNF-a
production

Three bacterial isolates were selected due to the immune
modulating activity of the cell-free culture supernatant based on
screening of TNF-a production. The cell-free culture supernatant of
isolates L. paracasei MSMC39-1, L. casei MSMC39-3, and W. confusa
MSMC57-1 decreased the production of TNF-a significantly while
the supernatant of K. pneumoniae MSMC109-3 did not significantly
alter TNF-a secretion of monocytic cells stimulated with lipopoly-
saccharide as shown in Fig. 4A.

Heat-treatment did not significantly affect any of the superna-
tant preparations. However, proteinase-K digestion significantly
reduced the inhibitory effect of L. paracasei MSMC39-1 cell-free
culture supernatant. Size-filtration using a 30-kDa molecular
weight cutoff produced significantly different results in the
retained portions of L. paracasei MSMC39-1 and W. confusa
MSMSC57-1, with a loss of inhibitory effect (Fig. 5).

3.4. Effects of different bacterial cell preparations on TNF-a
production

To compare the effect of bacterial cell components on TNF-a
production, different cell preparations were tested. Viable cell
preparations (Fig. 4B) of isolates L. paracaseiMSMC39-1 and L. casei
MSMC39-3 did not significantly alter TNF-a production. Surpris-
ingly, however, viable cells of K. pneumoniae MSMC109-3 did
significantly decrease the production of TNF-a.

http://rdp.cme.msu.edu/html


Fig. 1. Inhibitory effect of selected isolates on TNF-a production in LPS-activated THP-1 monocytic cells. Experiments were performed three times, in duplicate, MRS, bacterial media
control. LPS, lipopolysaccharide; error bars indicate standard deviations, * (p < 0.05); ** (p < 0.01).
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The heat-killed preparations of K. pneumoniae MSMC109-3
significantly increased the production of TNF-a while the heat-
killed preparations of isolate W. confusa MSMC57-1 significantly
decreased the production of TNF-a as shown in Fig. 4C. Heat-killed
preparations of isolates L. paracasei MSMC39-1 and L. casei
MSMC39-3 did not significantly alter TNF-a production.

The sonicated preparations of the candidate isolates did not
significantly alter TNF-a production. On the other hand, sonicated
preparations of comparison isolate K. pneumoniae MSMC109-3
significantly increased the production of TNF-a as shown in
Fig. 4D. The remaining sonicated preparations did not significantly
alter TNF-a production.

4. Discussion

In breastfed infants there are a higher proportion of lactic acid
Table 1
Genotypic characterization of selected isolates.

Bacterial isolates Nucleotide sequences of 16S rRNA gene (RDP-II)

MSMC39-1 Lactobacillus paracasei NBRC 15906 (AB181950) (100%)
MSMC39-3 Lactobacillus casei ATCC 393 (AF469172) (100%)
MSMC57-1 Weissella confusa JCM 1093 (AB023241) (99.1%)
MSMC109-3 Klebsiella pneumoniae DSM 30104T (X87276) (99.0%)
bacteria due to oligosaccharides in milk and transfer of maternal
microbes. Also, each species and strain of lactic acid bacteria is
adapted to the host environment [35]. For instance, evidence sug-
gests that the co-evolution of L. reuteri strains with humans influ-
enced the anti-inflammatory properties of these strains [17]. Thus
local, human-derived isolates should provide suitable candidates
for use as probiotics, although host-specific origin is not a prereq-
uisite for probiotic effectiveness [36].

Genotypic characterization revealed that two of our candidate
isolates belong to the genus Lactobacillus, members of which often
exhibit probiotic properties. Researchers have identified multiple
Lactobacillus species as probiotics [37]. Lactobacilli have also been
isolated from fermented foods and gastrointestinal tracts of
humans and various animals [38]. Similarly, Weissella, a genus
clarified in the 1990s, is found in fermented foods (including Thai
fermented foods [39]), the environment, and the gut. W. confusa
was previously classified as Lactobacillus confusus [40].

Potential probiotics must also be able to withstand the condi-
tions of the gastrointestinal tract [37]. The candidate isolates
L. paracasei MSMC39-1 and L. casei MSMC39-3 showed acid toler-
ance at pH 3.0, but less so for W. confusa MSMC57-1. All 3 isolates
showed bile tolerance, demonstrating suitability for use as
probiotics.

The cell-free culture supernatants of our isolateswere capable of
reducing the TNF-a secreted by THP-1 monocytic cells in vitro. This



Fig. 2. Survival of bacterial isolates after 3 h of incubation with MRS broth at pH 2.0,
3.0, and 4.0 and with MRS broth controls at 0 and 3 h: (A) L. paracasei MSMC39-1, (B)
L. casei MSMC39-3, and (C) W. confusa MSMC57-1. Data presented in logarithmic scale;
experiments were performed three times, in duplicate, CFU ¼ colony forming units.
Statistically significant reductions in bacterial CFUs as compared to controls at 0 h
shown; *p < 0.05, **p < 0.01, ***p < 0.001.

Fig. 3. Survival of bacterial isolates after 3 h of incubation with MRS broth supple-
mented with 1%, 2%, 3%, and 4% bile and with MRS media controls at 0 and 3 h: (A)
L. paracasei MSMC39-1, (B) L. casei MSMC39-3, and (C) W. confusa MSMC57-1 Data
presented in logarithmic scale; experiments were performed three times, in duplicate.
CFU ¼ colony forming unit. No statistically significant reductions in bacterial CFUs as
compared to controls at 0 h were seen.
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is consistent with others studies that demonstrate the ability of
lactic acid bacterial supernatants to reduce pro-inflammatory cy-
tokines [27], [41], [42], especially TNF-a which plays a key role in
autoimmune conditions [9], [10], [43].

To analyze the factor(s) that modulates the secretion of pro-
inflammatory cytokines, we subjected the supernatants to heat-
treatment, proteinase K-digestion, and size filtration. All superna-
tants maintained similar TNF-a modulating properties after heat-
treatment. Proteinase-K digestion, however, reduced the modula-
tory activity of L. paracaseiMSMC39-1 supernatant which is similar
to previous studies that demonstrate the production of protease-
sensitive immunomodulins by lactic acid bacteria [27], [28], [44],
[45]. L. casei MSMC39-3 and W. confusa MSMC57-1 supernatants
maintained their effect after proteinase-K digestion. Instead of a
protein immunomodulin, the immune modulatory factor may be a
polysaccharide, nucleic acid, or lipid. In other studies, exopoly-
saccharide derived from Lactobacillus rhamnosus has shown im-
mune modulating effects [46], [47], while lipoteichoic acid and
even genomic DNA from certain strains also have similar effects
[48], [49]. However, to ascertain the specific nature of these factors
in our supernatants, further investigations are necessary.

Size filtration of supernatants revealed that the immune
modulating factors of L. paracasei MSMC39-1 and W. confusa
MSMC57-1 supernatants are likely to have a molecular weight less
than 30 kDa. Size filtration of L. casei MSMC39-3, however, did not



Fig. 4. Immunomodulatory effects of: (A) cell-free culture supernatant, (B) viable
bacteria, (C) heat-killed bacteria, and (D) sonicated bacteria on TNF-a production in
LPS-activated THP-1 monocytic cells. Experiments were performed three times, in
duplicate. LPS, lipopolysaccharide; MRS, bacterial media control; Statistically signifi-
cant differences in TNF-a production compared to MRS broth shown. *p < 0.05,
**p < 0.01, ***p < 0.001, ****p < 0.0001.

Fig. 5. Immunomodulatory effects of cell-free culture supernatant preparations
treated with heat, proteinase, and size-filtration (retained portion and ultrafiltrate) on
TNF-a production in LPS-activated THP-1 monocytic cells. Brackets indicate statistically
significant comparisons between different supernatant preparations. Experiments
were performed three times, in duplicate,LPS, lipopolysaccharide; MRS, bacterial
media control; *p < 0.05, **p < 0.01.
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reveal any differences between retentate and ultrafiltrate. A mo-
lecular weight close to the filter cutoff or interactions with the filter
may explain this result [50].

We further characterized the immune modulating properties of
our isolates by comparing cell-free culture supernatants with
different bacterial preparations. The viable, heat-treated, and son-
icated bacterial preparations of 2 candidate isolates (L. paracasei
MSMC39-1 and L. casei MSMC39-3) showed no significant change
in TNF-a production, suggesting that the net effect of cell wall and
cytosolic components from these isolates do not modulate THP-1
cells [51]. However, heat-killed W. confusa MSMC57-1 lowered
TNF-a production, suggesting that immunomodulatory factor(s)
may be present in both supernatant and cell component for this
isolate. The sonicated bacterial cell preparations did not signifi-
cantly alter TNF-a production. More detailed biochemical analysis
of the cell-debris and cell-wall fractions are required to fully
explain these findings. In many studies, the lipoteichoic acid
component of some strains did not show anti-inflammatory
properties while cell wall peptidoglycan of others showed anti-
inflammatory properties [51], [52]. Cytosolic components such as
bacterial DNA have also been shown to affect cytokine secretion
[53], [54]. Such counter-acting factors may explain our observation.

Interestingly, our comparison isolate, K. pneumoniaeMSMC 109-
3, when prepared as live bacteria, inhibited TNF-a production. As a
known gut commensal and opportunistic pathogen, K. pneumoniae
may be capable of inhibiting host defenses. Other gram-negative
species, including both probiotics and pathogens, have shown the
ability to dampen cytokine formation in immune cells through
membrane proteins and secreted factors [28], [55]. Heat-treatment
and sonication of K. pneumoniae, however, eliminated this effect.
The presence of additional lipopolysaccharide due to the heating
and sonication is probably responsible for this effect.

Probiotics are a promising avenue for treatment of allergic and
auto-immune diseases; however, such properties are highly strain
specific and also specific to the preparation methods and possible
antigens or substances presented to the immune system. As such,
there are many possible variables in the complex immunological
cross talk between microbe and host [56].

5. Conclusion

In conclusion, we have identified human-derived, potential
probiotics. We compared the same probiotic isolates prepared
differently and found differences in TNF-a production indicating
that anti-inflammatory properties may be modulated by sub-
stance(s) found in the cell-free culture supernatant and cell wall.
These isolates show promise for further characterization and
development into useful probiotics. Further studies are required to
elucidate the mechanism of action, ascertain effective delivery
modes, and determine dosages in vivo as well as determining
clinical efficacy.
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