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Abstract
AIM: To study the effects of probiotic metabolites on 
maturation stage of antigen-presenting immune cells.

METHODS: Ganeden Bacillus coagulans  30 (GBC30) 
bacterial cultures in log phase were used to isolate the 
secreted metabolite (MET) fraction. A second fraction 
was made to generate a crude cell-wall-enriched fraction, 
by centrifugation and lysis, followed by washing. A prep-
aration of MET was subjected to size exclusion centrifu-
gation, generating three fractions: < 3 kDa, 3-30 kDa, 

and 30-200 kDa and activities were tested in comparison 
to crude MET and cell wall in primary cultures of human 
peripheral blood mononuclear cell (PBMC) as a source of 
antigen-presenting mononuclear phagocytes. The matu-
ration status of mononuclear phagocytes was evaluated 
by staining with monoclonal antibodies towards CD14, 
CD16, CD80 and CD86 and analyzed by flow cytometry.

RESULTS: Treatment of PBMC with MET supported 
maturation of mononuclear phagocytes toward both 
macrophage and dendritic cell phenotypes. The biologi-
cal activity unique to the metabolites included a reduc-
tion of CD14+ CD16+ pro-inflammatory cells, and this 
property was associated with the high molecular weight 
metabolite fraction. Changes were also seen for the 
dendritic cell maturation markers CD80 and CD86. On 
CD14dim cells, an increase in both CD80 and CD86 ex-
pression was seen, in contrast to a selective increase in 
CD86 expression on CD14bright cells. The co-expression 
of CD80 and CD86 indicates effective antigen presenta-
tion to T cells and support of T helper cell differentia-
tion. The selective expression of CD86 in the absence of 
CD80 points to a role in generating T regulatory cells.

CONCLUSION: The data show that a primary mecha-
nism of action of GBC30 metabolites involves support 
of more mature phenotypes of antigen-presenting cells, 
important for immunological decision-making. 
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INTRODUCTION
Bacteria are ubiquitous in the environment, having colo-
nized every extreme of  nature. This includes the human 
body where they outnumber human cells by an order 
of  magnitude. The biggest reservoir of  these symbiotic 
bacteria on the human body is the lower gastrointestinal 
tract[1] where large numbers of  coexisting (commensal) 
bacteria participate in nutrient assimilation including the 
breakdown of  indigestible carbohydrates. They also pro-
duce amino acids and vitamins for their host and play a 
key role in healthy immune system development. 

The immune system recognizes both pathogenic and 
commensal bacteria through a family of  pattern recogni-
tion receptors known as the toll-like receptor (TLR) fam-
ily[2]. These receptors interact with molecules present on 
the exterior surface of  bacteria and include lipopolysac-
charide (LPS), flagellin, lipoteichoic acid and lipoproteins 
as well as bacterial DNA. Toll-like receptors are present 
on cells participating in both innate and adaptive immu-
nity such as monocytes/macrophages and dendritic cells 
(DC) as well as epithelial cells of  the intestinal mucosa.

The emerging picture is that commensal bacteria have 
an enormous impact on health. While a healthy micro-
biota can aid the host by increasing nutrient absorption 
and training the immune system to not respond to self, 
conversely an unhealthy (i.e., unbalanced) microbiota 
can lead to malabsorption, inflammation and disease[3-5]. 
A growing body of  evidence suggests that these effects, 
both positive and negative, of  the microbiota on the 
host are mediated by the immune system. Probiotics are 
defined as microorganisms that when ingested in a suf-
ficient amount confer a health benefit upon the host and 
are known to interact with the immune system. Probiotic 
microorganisms have a long history of  human consump-
tion in the form of  fermented foods and have shown 
health benefits in treating dysbiosis, irritable bowel syn-
drome, and eczema[6]. GanedenBC30™(Bacillus coagulans 
GBI-30, 6086) (GBC30) is a proprietary strain of  the 
gram positive, lactic acid producing spore-forming bac-
teria known as Bacillus coagulans. This strain of  B. coagulans 
can survive extremes of  heat and pressure in manufactur-
ing as well as the harsh, acidic environment of  the human 
gastrointestinal tract, leading to a very high survival rate 
and germination in the lower intestinal tract. The safety 
of  consumption of  this strain was documented in acute 
and sub-chronic studies in rats[7].

One way in which commensal bacteria modulate the 
immune response is by the secretion of  certain bioactive 
compounds. This suggests that metabolites of  commensal 
bacteria have effects of  their own and that there may be 
unique health benefits to be derived from the consump-
tion of  live probiotic cultures or probiotic metabolite 
preparations. Recent studies on the bacterial compound 
polysaccharide A from Bacteroides fragilis have shown the 
ability of  this molecule to prevent intestinal inflammation 
caused by Helicobacter pylori infection and to correct the 
symptoms of  encephalomyelitis in mice, an animal model 
for human multiple sclerosis[8-10]. The recent sequencing 
data from 178 commensal microbial genomes has identi-
fied over 30 thousand potential protein-coding sequences 
of  which 97% are unique[11]. This suggests a vast un-
tapped reservoir of  novel genes including those coding 
for potential secreted compounds.

The work presented here build on a previous study 
that showed both enhancement of  innate immune re-
sponses as well as anti-inflammatory effects of  GBC30 
in vitro[12]. In particular, the data presented here has aimed 
at investigating the differences between a crude prepara-
tion versus the metabolite fraction in more detail with a 
particular focus on modulation of  key regulatory immune 
cells by specific size-selected fractions of  GBC30 me-
tabolite (MET) compounds.

MATERIALS AND METHODS
Reagents
The following buffers and reagents were obtained from 
Sigma-Aldrich (St. Louis, MO): Histopaque 1077 and 
1119, phosphate-buffered saline (PBS), RPMI-1640 cul-
ture medium, fetal calf  serum, L-glutamine 200 mmol/L, 
penicillin-streptomycin 100X solution, and bovine se-
rum albumin. CD80-FITC, CD86-PE, CD16-PE and 
CD14-PerCP were obtained from BD Biosciences (San 
Jose, CA). Sodium Azide (NaN3) was obtained from 
LabChem Inc. (Pittsburgh, PA). Low-binding 100 µm 
zirconium beads were obtained from OPS Diagnostics 
(Lebanon, NJ) and 0.2 µm cellulose acetate filters from 
Whatman (Florham Park, NJ). The Bacillus coagulans strain 
(GanedenBC30™) was obtained from Ganeden Biotech 
Inc. (Mayfield Height, OH).

Preparation of Bacillus coagulans metabolite fractions
Using sterile technique, two separate samples of  2.0 g of  
GanedenBC30™spores were each placed into 25 mL PBS 
and heated at 70 ℃ for 30 min. Spores were then centri-
fuged at 2400 rpm for 5 min, PBS was removed and each 
tube of  spores re-suspended and placed in culture flasks 
containing 25 mL of  RPMI-1640 culture medium. The 
cultures were incubated at 37 ℃ for 24 h at which time 
an additional 20 mL of  RPMI-1640 was added and the 
cultures incubated for an additional 24 h. Following 48 
h of  incubation, the bacterial cultures contained 5 × 107 

bacteria/mL.
Preparation of  GanedenBC30™ culture supernatant as 
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a source of  metabolites (MET): Cultures were transferred 
to 50 mL centrifuge tubes and initially spun at 1000 rpm 
for 2 min to remove any remaining spores. The liquid 
containing the bacteria and metabolites was decanted into 
new tubes and centrifuged at 3500 rpm for 20 min. The 
supernatant was decanted from the large bacterial pel-
lets and combined in a single tube followed by filtration 
twice through a 0.2 µm cellulose acetate syringe filter. 
This filtrate was either frozen directly as 250 µL aliquots 
(crude metabolite fraction) or spun through Amicon Ultra 
protein size separation columns from Millipore (Bedford, 
MA) followed by aliquot preparation and storage at -20 ℃. 
Separation of  the metabolites into different molecular 
weight fractions was performed in the following man-
ner: for the fraction that is < 3 kDa, the crude metabolite 
preparation was placed onto a 3 kDa molecular weight 
cutoff  centrifuge column and spun at 2500 rpm for 10 
min. The filtrate that passed through the filter contained 
material that was less than 3 kDa. Aliquots were made 
from this material and frozen (metabolites < 3 kDa frac-
tion). The material that did not pass through the column 
was then placed into a tube containing a 30 kDa molecular 
weight cutoff  filter and spun at 2500 rpm for 10 min. The 
filtrate that passed through this filter contained material 
that was 3-30 kDa. Aliquots were made from this material 
and frozen (metabolites 3-30 kDa fraction). The remain-
ing metabolite material that did not pass through the 30 
kDa molecular weight filter was also aliquoted and frozen 
and this fraction was called metabolites 30-200 kDa frac-
tion. It is important to note that these size separations 
are not exact and that while large molecules are excluded 
from the fractions containing the smaller molecules, some 
small molecules may still remain in the fractions contain-
ing the larger molecules.

Preparation of  GanedenBC30™ crude cell wall (CW): 
The two bacterial pellets were each processed separately 
and then combined after the final bead milling step. Fol-
lowing centrifugation of  the bacterial culture at 3500 rpm 
for 20 min and decanting of  the supernatant, the bacterial 
pellets were washed twice in 45 mL of  PBS with subse-
quent pelleting by centrifugation at 2500 rpm for 10 min. 
The washed pellets went through one freeze/thaw cycle 
followed by multiple bead milling cycles. In brief, the pel-
lets were resuspended in 4 mL of  PBS and then 4 mL of  
100 µm low-binding zirconium beads were added. One 
cycle of  bead milling consisted of  60 one-second pulses 
of  the bacteria/bead mixture on a vortex mixer. Ten of  
these cycles were performed. The bacteria/bead mixture 
was placed on ice in between bead milling cycles. At the 
end of  the 10 bead-milling cycles, the beads were allowed 
to settle in the tubes and the liquid removed from the two 
tubes and combined. The liquid containing the fragment-
ed bacteria was spun at 3500 rpm for 20 min followed by 
transfer of  the liquid to Eppendorf  tubes and centrifuga-
tion at 14  000 rpm for 5 min. The high speed centrifu-
gation was necessary to remove any large fragments of  
bacteria that were not disrupted by the bead milling. The 
final solution was brought up to 45 mL with PBS and fil-

tered through a 0.2 µm cellulose acetate filter and stored 
directly at -20 ℃ as 250 µL aliquots (crude cell wall). It is 
important to note that the cell wall preparation will also 
contain some GBC30 cellular contents in addition to cell 
wall components.

Purification of peripheral blood mononuclear cells 
Healthy human volunteers between the age of  20 years 
and 60 years served as blood donors after obtaining writ-
ten informed consent, as approved by the Sky Lakes 
Medical Center Institutional Review Board. Isolation 
of  peripheral blood mononuclear cell (PBMC) was per-
formed as previously described[13].

Cell surface staining of CD14 positive mononuclear 
phagocytes
Complete cell culture media used for the culture of  
PBMC consisted of  RPMI-1640 supplemented with 10% 
fetal bovine serum, 2 mmol/L L-glutamine, 100 U/mL 
penicillin and 100 µg/mL streptomycin. Peripheral blood 
mononuclear cells were cultured for 3 d in the presence 
of  serial dilutions of  BC30 metabolite fractions or crude 
cell wall followed by cell surface immunostaining with 
CD14, CD80, CD86 and CD16 monoclonal antibodies. 
Processing of  cells for immunostaining was performed as 
previously described[13] with the following modifications: 
optimal amounts of  monoclonal antibodies per sample 
were 3 µL for CD14-PerCP and 4 mL for CD80-FITC, 
CD86-PE and CD16-PE. Experiments were performed 
three times using PBMC isolated from three different 
blood donors. Each test condition was performed in du-
plicate and untreated and LPS-treated controls were tested 
in quadruplicate and triplicate, respectively.

Statistical analysis
Statistical significance was tested using Student’s t-test 
performed with Microsoft Excel. All P values were two-
sided and were considered significant when P < 0.05 and 
highly significant when P < 0.01. Only statistically signifi-
cant P values are reported.

RESULTS
GBC30 effects on mononuclear phagocyte differentiation
Mononuclear phagocyte differentiation in 3-d primary 
PBMC cultures was examined by cell surface staining for 
proteins expressed by monocytes/macrophages and den-
dritic cells. These included CD14 (Figure 1) and CD80 
and CD86 (Figures 2 and 3). CD14 expression on CD-
14bright cells was increased following exposure of  cells to 
GBC30 crude MET and CW fractions (Figure 1A). Treat-
ment of  cells with crude MET showed a strong dose-
dependent response with statistically significant increases 
occurring with the 4 highest doses. As expected, LPS 
treatment of  cells greatly increased CD14 expression[14]. 
Crude CW also led to statistically significant increases in 
CD14 expression. When the effects of  crude and size-
selected MET fractions of  GBC30 at a 1:200 dilution 
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fractions led to statistically significant decreases in CD80 
expression on CD14bright cells (Figure 2A) while only 
MET crude increased CD86 expression (Figure 2C). 
When crude and size selected fractions of  MET were 
compared at the 1:200 dilution all fractions of  MET 
led to similar statistically significant decreases in CD80 
expression (Figure 2B). A comparison of  the effect of  
MET fractions on CD86 expression showed that the 3-30 
kDa and < 3 kDa fractions led to a decrease but these 
changes were not statistically significant (Figure 2D).

CD14dim cells: Effects of GBC30 metabolite and cell wall 
on CD80 and CD86 expression
When expression of  the co-stimulatory molecules CD80 
and CD86 was determined for the CD14dim cell popula-
tion, both MET and CW crude increased CD80 (Figure 
3A) and CD86 (Figure 3C) expression with MET crude 
having the biggest effect, particularly on CD86 expres-
sion. When crude and size selected fractions of  MET 
were compared at the 1:200 dilution, only the crude and 
30-200 kDa fractions led to statistically significant in-
creases in CD80 expression (Figure 3B). A comparison 

were compared (Figure 1B), high molecular weight frac-
tions (crude and 30-200 kDa) increased CD14 expression 
while PBMC treated with either the 3-30 kDa or < 3 kDa 
fractions showed CD14 expression levels similar to un-
treated cultures.

Reduction of CD14bright cells 
Because CD14 expression on mononuclear phagocytic 
cells varies and expression levels have been correlated 
with different cell populations, the percent of  CD14bright 
versus CD14dim cells was determined for PBMC cultures 
exposed to different GBC30 MET fractions. All fractions 
of  MET at a 1:200 dilution led to decreased numbers of  
CD14bright cells (Figure 1C) while an inverse pattern of  re-
sponse was seen regarding changes in CD14dim cell num-
bers (Figure 1D). In this case all fractions of  MET led to 
increases in the percent of  CD14dim cells.

CD14bright cells: Effects of GBC30 metabolite and cell 
wall on CD80 and CD86 expression
Next, CD80 and CD86 expression was determined for 
the CD14bright cell population. Both MET and CW crude 
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Figure 1  CD14 expression on mononuclear phagocytes. Mononuclear phagocytes present in 3-d peripheral blood mononuclear cell cultures exposed to either the 
Ganeden Bacillus coagulans 30 (GBC30) metabolites (MET), cell wall-enriched (CW), or MET fractions, were identified using electronic gating of the flow cytometry data 
by gating on forward scatter/side scatter followed by gating for CD14 positivity. A comparison was made between cells that were untreated (UT), exposed to lipopolysac-
charide (LPS) or to the different GBC30 fractions. A: Comparison of CD14 mean fluorescence intensity showed a dose-dependent increase in CD14 expression in cells 
treated with crude MET. A milder increase was seen for cells treated with crude CW. The baseline indicates CD14 expression on untreated cells; B: The increase in 
CD14 expression was primarily caused by high molecular weight compounds present in MET; C: The percent of CD14bright cells in the mononuclear phagocyte population 
was decreased by all fractions of MET; D: The percent of CD14dim cells in the mononuclear phagocyte population was increased by treatment of cells with all MET frac-
tions. Bar graphs show data from 1:200 dilutions of each MET fraction and lipopolysaccharide (1 µg/mL). aP < 0.05, bP < 0.01 and cP < 0.001. For each data point, the 
mean + SD are shown for each duplicate data set. Graphs show data representative of 1 out of 3 experiments. MFI: Mean fluorescence intensity.
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of  the effect of  MET fractions on CD86 expression 
showed that crude MET increased CD86 expression 
while the 3-30 kDa and < 3 kDa fractions decreased ex-
pression (Figure 3D).

Reduction in CD14+ CD16+ cells
Mononuclear phagocytes have also been classified accord-
ing to expression of  the cell surface protein CD16 with 
CD14+ CD16+ cell subsets considered to be pro-inflam-
matory[15]. The effect of  crude MET and CW fractions 
on the percent of  CD14+ CD16+ and CD14+ CD16- 
cells in 3-d PBMC cultures was investigated. Crude MET 
treatment of  cells resulted in a dose dependent decrease 
in CD14+ CD16+ cells (Figure 4A) and an increase in 
CD14+ CD16- cells (Figure 4C). Crude CW had a much 
milder effect that mirrored that of  crude MET. When 
cells were exposed to the crude or size fractionated prepa-
rations of  MET at a 1:200 dilution, it was the fractions 
with the largest compounds (crude and 30-200 kDa) that 
showed the greatest effect on CD14+ CD16+ (Figure 4B) 
and CD14+ CD16- (Figure 4D) cell numbers although 

the 3-30 kDa and < 3 kDa fractions also produced sta-
tistically significant reductions in the number of  CD14+ 
CD16+ cells.

DISCUSSION
The work presented here investigated the effects of  MET 
and CW fractions of  the GBC30 probiotic strain on 
mononuclear phagocyte phenotypes in primary PBMC 
cultures. The cellular model for examining the immune 
effects was carefully chosen, and primary PBMC cultures 
were used because this allows the simultaneous interac-
tion of  multiple cell types and has been shown to support 
the survival of  blood dendritic cells without the addition 
of  exogenous cytokines[16]. One of  the main findings was 
the biological activities of  the metabolites and the data 
showed that a primary mechanism of  action of  BC30 
metabolites involved support of  more mature phenotypes 
of  antigen-presenting cells, important for immunological 
decision-making.

Compounds present in the MET crude fraction con-
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Figure 2  Expression of the co-stimulatory molecules CD80 and CD86 on CD14bright mononuclear phagocytes from 3-d peripheral blood mononuclear cell 
cultures. A: Comparison between the effects of serial dilutions of Ganeden Bacillus coagulans 30 (GBC30) crude metabolites (MET) or cell wall enriched (CW) frac-
tions on CD80 expression on CD14bright cells showed dose-dependent decreases in CD80 expression. Both MET and CW reduced CD80 expression to levels similar 
to those seen with Lipopolysaccharide (LPS) treatment; B: A comparison of the effects of size-fractionated MET on CD80 expression on CD14bright cells shows that all 
MET fractions reduce expression; C: Comparison between the effects of serial dilutions of crude MET or CW on CD86 expression on CD14bright cells showed dose-
dependent increases in CD86 expression when cells were exposed to the three most concentrated dilutions of MET. Treatment of cells with CW resulted in a uniform 
modest decrease in CD86 expression; D: The effect on increased CD86 expression is present only in the crude preparation of MET. Bar graphs show data from 1:200 
dilutions of each MET fraction and lipopolysaccharide (1 µg/mL). aP < 0.05, bP < 0.01 and cP < 0.001. For each data point, the mean + SD are shown for each dupli-
cate data set. Graphs show data representative of 1 out of 3 experiments. MFI: Mean fluorescence intensity; UT: Untreated.
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sisted entirely of  compounds that were secreted by GBC30 
into the culture media. The CW crude fraction was isolated 
from whole bacteria and may contain some compounds 
present in the MET preparation in addition to compounds 
unique to the cell wall. Size fractionation of  crude MET was 
used to evaluate immune modulating compounds based on 
MW and their association with one or more fractions. 

Probiotic organisms support mucosal immunity and 
similar to commensal bacteria in the human gut, they 
interact with mononuclear phagocytic cells such as den-
dritic cells and macrophages[17-19]. The expression levels of  
CD80 and CD86 co-stimulatory molecules can be used to 
indicate the differentiation of  mononuclear phagocytes 
to that of  antigen presenting cells such as dendritic cells. 
While CD14 is still present on some subsets of  dendritic 
cells, typically when mononuclear phagocytes adopt a den-
dritic cell identity, CD14 expression is down regulated with 
the concurrent up regulation of  CD80 and CD86[20]. The 
differential roles of  the co-stimulatory molecules CD80 
and CD86 suggests that co-expression of  both molecules 
on dendritic cells leads to T helper cell differentiation, 
whereas the predominant expression of  CD86 support T 
regulatory cells, and supports an anti-inflammatory cyto-

kine profile by decreasing Interferon-gamma production 
and increasing interleukin (IL)-4 production[21]. Since the 
current literature suggests that mononuclear phagocytes 
present in the circulation are already committed in their 
developmental path[22], the changes seen in CD14 expres-
sion suggest that MET and CW simultaneously enhance 
the maturation of  two separate subpopulations of  mono-
nuclear phagocytic cells (CD14bright and CD14dim) towards 
their corresponding macrophage and dendritic cell pheno-
types. The effect of  GBC30 on putative DC maturation in 
PBMC cultures, suggests that DC may be responsible for 
the IL-6 production that was previously shown in vitro[12], 
and this increased IL-6 production may reflect normal 
physiological interactions between DC and commensal 
bacteria in the human gut[17,23].

The data suggest that live GBC30 in the gut lumen 
would provide metabolites from GBC30, different from 
the immune modulating compounds associated with the 
cell wall enriched fraction, and support the interpretation 
that the live metabolically active GBC30 has stronger im-
mune modulating activity than accounted for by its cell 
wall alone. Immune modulating activity has been identi-
fied from the supernatant of  the probiotic strains Lactoba-
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Figure 3  Expression of the co-stimulatory molecules CD80 and CD86 on CD14dim mononuclear phagocytes from 3-d peripheral blood mononuclear cell cul-
tures. A: Comparison between the effects of serial dilutions of Ganeden Bacillus coagulans 30 (GBC30) crude metabolites (MET) or cell wall enriched (CW) fractions 
on CD80 expression on CD14dim cells showed that both MET and CW led to increased expression; B: The increase in CD80 expression following treatment of cells with 
MET was due to high molecular weight compounds; C: Comparison of CD86 expression on CD14dim cells exposed to crude fractions of MET or CW resulted in increased 
CD86 expression; D: Size-selected fractions of MET did not have uniform effects on CD86 expression on CD14dim cells. Crude MET increased expression while 3-30 
kDa and < 3 kDa fractions decreased expression. Bar graphs show data from 1:200 dilutions of each MET fraction and lipopolysaccharide (1 µg/mL). aP < 0.05, bP < 
0.01 and cP < 0.001. For each data point, the mean + SD are shown for each duplicate data set. Graphs show data representative of 1 out of 3 experiments. MFI: Mean 
fluorescence intensity; UT: Untreated; LPS: Lipopolysaccharide.
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cillus casei Shirota[24] and Bifidobacterium breve[25], the probiot-
ic yeast Saccharomyces boulardii[26], the commensal bacterium 
Faecalibacterium prausnitzii[27] and gut-derived lactobacilli 
and bifidobacteria[28]. In the case of  Faecalibacterium praus-
nitzii, injection of  the supernatant completely protected 
mice from trinitrobenzenesulphonic acid induced colitis 
while live bacteria provided only partial protection[27]. 
Most of  these studies focused on cytokine production in 
monocyte-derived dendritic cell cultures[26,27] and have de-
termined this to occur through a TLR2 dependent mech-
anism. In one study, it was determined that the active 
component in the supernatant from Lactobacillus casei was 
a polysaccharide peptidoglycan complex[24] while another 
study has suggested that the immune boosting effect of  
common botanical extracts is through effects of  bacte-
rial lipoproteins and lipopolysaccharides (derived from 
endophytes, the resident bacteria present in all plants) on 
macrophage activation[29].

Thus, due to direct effects on mononuclear phagocyte 
differentiation, GBC30 metabolites lend support to two 
important cell types responsible for antigen recognition, 
presentation to cells within the adaptive immune system, 

and execution of  regulatory functions, including immu-
nological memory. The effect of  dried/reconstituted ma-
terial was tested in three different bioassays previously re-
ported to show bioactivity[12], including anti-inflammatory 
effects (data not shown), and no significant difference 
was seen between this and frozen/thawed material. The 
stability of  the bioactive compounds in the metabolite 
fraction holds promise for development of  a consumable 
product.

Results from the GBC30 MET fractions suggest that 
the metabolic activity of  this probiotic organism is an 
intregral part of  its immune modulating functions, and 
that multiple different compounds act in synergy to sup-
port key aspects of  mucosal immune protection. These 
results suggest specific mechanisms of  action and may 
give insight into some aspects of  previous clinical stud-
ies showing reduced symptoms from irritable bowel 
syndrome[30]. We suggest that further studies include ex 
vivo evaluation of  mononuclear cells isolated from lamina 
propria and Peyer’s patches, in terms of  antigen presenta-
tion, dendritic cell and B lymphocyte maturation, and IgA 
production. Further clinical work is warranted, not only 
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Figure 4  Changes in the percent of CD14+ CD16+ and CD14+ CD16- cell populations following exposure of 3-d peripheral blood mononuclear cell cultures 
to Ganeden Bacillus coagulans 30. A: Exposure of cells to serial dilutions of Ganeden Bacillus coagulans 30 (GBC30) crude metabolites (MET) led to a strong 
dose-dependent decrease in CD14 CD16 double positive cells while exposure to cell wall enriched (CW) did not reduce this cell population; B: Treatment of cells 
with size-selected MET fractions show that all fractions of MET reduce the number of CD14+ CD16+ cells; C: The percent of CD14+ CD14- cells in peripheral blood 
mononuclear cell cultures increased in cultures treated with crude MET and CW. Treatment with MET resulted in a very strong dose-dependent increase while CW 
treatment produced a milder increase at the two highest concentrations; D: Treatment of cells with size-selected MET fractions show that only fractions containing high 
molecular weight compounds increase the number of CD14+ CD16- cells. Bar graphs show data from 1:200 dilutions of each MET fraction and lipopolysaccharide (1 
µg/mL). aP < 0.05, bP < 0.01 and cP < 0.001. For each data point, the mean + SD are shown for each duplicate data set. Graphs show data representative of 1 out of 
3 experiments. UT: Untreated; LPS: Lipopolysaccharide.
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in populations with inflammatory syndromes, but also in 
populations with reduced mucosal immune protection, 
and should include assessment of  inflammatory markers 
in serum, as well as secretion of  IgA.

In conclusion, the biological activities reported here 
for the metabolites point to a unified mechanism of  ac-
tion directed at the differentiation and maturation state 
of  antigen-presenting cells such as the macrophage/den-
dritic cells. In terms of  immune regulation, this plays a 
pivotal role in decision-making, for example in whether T 
lymphocytes are induced into immunological anergy (un-
responsiveness, tolerance) or whether they are triggered 
into proliferation, cytokine production, and other mecha-
nism of  inter-cellular communication. It is conceivable 
that metabolites are absorbed into the mucosal immune 
tissue along the intestinal track and help direct more ef-
ficient antigen-recognition, while reducing immune re-
activity towards harmless food-borne antigens. This may 
provide a mechanism to explain the improved immune 
protection, while also seeing a reduction in food allergies 
and associated inflammatory reactions with consumption 
of  certain probiotic strains.

COMMENTS
Background
The mucosal surface of the human gastrointestinal tract is an interface between 
the external and internal environments, separated by a single epithelial cell 
layer. On the one side are food antigens, commensal bacteria and potential 
pathogens while cells of the immune system reside on the other. Oral tolerance 
refers to the ability of the immune system to not react towards food and com-
mensal bacterial antigens while still evoking a robust immune response towards 
pathogens. Probiotic bacteria interact with the host immune system and elicit 
beneficial immune modulating effects that include a reduction in inflammation 
in inflammatory bowel disease, amelioration of antibiotic-induced diarrhea, and 
protection from pathogen infection.
Research frontiers
Recent evidence suggest that the interaction of commensal bacteria and probi-
otics with the immune system is more than a mechanical engagement of bacte-
rial cell wall components with immune cell receptors and includes an active 
cross-talk between live bacteria and the host through secreted substances (me-
tabolites). This is an active area of research and data from microbiome genomic 
sequencing suggests that the majority of predicted genes encode proteins with 
unknown functions.
Innovations and breakthroughs
Most of the published work on probiotics interacting with the immune system 
has focused on the bacterial cell wall activating the immune system through 
engagement of the Toll-like receptor (TLR) family, in particular TLR2 and TLR4. 
Much less research has focused on secreted metabolites and very little is 
known about what these secreted compounds are. The data presented here 
showed that a primary mechanism of action of Ganeden Bacillus coagulans 30 
(GBC30) metabolites involved support of more mature phenotypes of antigen-
presenting cells, important for immunological decision-making. An immature 
antigen presenting cell may fail in triggering an appropriate immune defense re-
action, while either inducing immunological unresponsiveness (anergy) towards 
the antigen, or induce an allergic reaction to the antigen.
Applications
The support of antigen-presenting cells in vitro by GBC30 metabolites suggests 
that consumption of GBC30 may lead to in vivo effects of improved decision-
making in the gut-associated lymphoid tissue (GALT), translating into clinical 
observations of improved immunity against infections, and reduced immunologi-
cal anergy and allergy.
Terminology
Cluster of differentiation 14 is a monocyte marker and functions as a co-

receptor for bacterial lipopolysaccharide recognition. It is highly expressed on 
the cell surface of monocytes and macrophages; GALT is a mucosa-associated 
lymphoid tissue lining the gastrointestinal tract from the esophagus to the colon. 
It contains immune cells and plays an important part in preventing the immune 
system from reacting to the resident microflora as well as defence from patho-
gens; Anergy refers to the absence of a normal immune response to a specific 
antigen or allergen.
Peer review
The authors present a paper that aimed to investigate any differences between 
the effects of a crude preparation of GBC30 bacterial culture metabolites com-
pared to the fractionated preparations on the maturation of peripheral blood 
mononuclear cell. It demonstrates that probiotic bacteria produce metabolites 
that activate cells of the immune system, beyond what is expected from simple 
bacterial cell wall components.
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