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B. bifidum R0071 

Take Away Message: 

 

• This is a story about our attempt to 
integrate our pre-clinical findings with our 
clinical outcomes to make better choices 
for subsequent studies.   

 

• Transversal pipeline development is more 
important than the individual results.  

 

• This is an adaptive design and as such it is 
always an on-going work in progress. 

 

   

 

L. helveticus R0052 

B. infantis R0033 



Background on Host-Microbe Interactions  

Preidis,G.A.and Versalovic, J.(2009).Gastronenterology 136:2015-2031 



Lactobacillus helveticus R0052 

Bifidobacterium longum subsp. infantis R0033 

Bifidobacterium bifidum R0071 

Multi-strain Probiotic: ProbioKid 

R0052, R0033, R0071: 
60:20:20 + prebiotic FOS 



Previous Work: 
 

• Based on the positive beneficial effects on immunity with 
ProbioKid 
- Animal studies: Cazzola et al. 2010 (both TH1 and TH2 models) 

- Clinical: winter respiratory infections - Cazzola et al. 2010  & 

                 rotaviral infections - Mei & Chen, 2008 

 

• Aim: To elucidate which immune pathways does this 
probiotic modulate in the host cell that has been stimulated 
by a dsRNA viral mimic, Polyinosinic:polycytidylic acid  
• Using in-vitro IEC cell model and viral mimic, poly (I:C) 

• Using a custom-designed Immune Array 

• Better understanding of the mechanisms of action 

 



 

1. B-Cell Receptor Signalling Pathway 

2. T-Cell Receptor Signalling Pathway 

3. Toll-Like Receptor Signalling Pathway 

4. MAP Kinase Signalling Pathway 

5. TGF-b Signalling Pathway 

6. Jak-STAT Signalling Pathway 

7. NF-kB Signalling Pathway 

8. TNF-a Signalling Pathway 

9. Epithelial Cell Signalling 

10.Cytokine-Cytokine Receptor Interaction 

11.Natural Killer Mediated Cytotoxicity 

12.Cell Adhesion Molecules 

13.Mucus Production 

14.Tight Junctions 

15.Gap Junctions 

16.Adherens 

17.Apoptosis 

Custom-Designed ImmuneArray: 1,354 human immune-related 

genes associated with innate immunity and barrier defense 

How do we evaluate this interactions: 



  Evaluate Entire Pathways Not Just Genes 

Kyoto Encyclopedia of Genes and Genomes (KEGG)   



Previous Work:  

Summary Findings AEM Publication: 
 

(1) Overall, multi-strain probiotic (ProbioKid) had major impact at attenuating or 
turning off genes connected to the pro-inflammatory response induced by viral 
mimic, poly (I:C) challenge 

 
(2)  Major immune pathways by which ProbioKid may be eliciting its  modulatory 

effect included  TLR3-TRIF, MAPK and NF-κB signaling pathways   
 



 

• A recent clinical study (Langkamp-Henken et al. 2015) 

examined the effect of the same 3 probiotic strains on the 

proportion of healthy days in academically stressed students  

• B. bifidum R0071 – positive health benefit;  

• 50% ↓ # sick days;  

• ↓ Diarrhea events 

 

• Continuing the work it was decided that the following would 

be evaluated: 

– Individual strains R0033, R0052 and R0071 

– Purified S-layer protein from R0052  

– Also use whole human genome microarrays from Agilent 

Technologies to evaluate other cellular pathways beyond 

immune pathways 

Rational for Current Work:  



Experimental Design:  



 Experimental Design: Whole Genome Microarrays  

27,958 Entrez Gene RNAs 
12 x 10 Control Probes 

10 x 32 Spike-in Control Probes  

Yellow Spots: Expression Same in Control vs Treated 
Red Spots: Up-regulated 
Green Spots: Down-regulated 
Black spots: No gene expression 



Results: Whole Human Genome Microarray 
Hierarchical Clustering Heat Map 

Cluster analysis of global gene expression  

• Red – up-regulated 

• Green – down-regulated 

• Black no differential expression 

 

 Total  Number of Genes Modulated: 

 

 

 

 

 

 

 

 

 

 

R0033, R0052, R0071 and S-layer show attenuating effect on 

global gene modulation as well as strain specific effects 

 

ProbioKid has greater impact on attenuating global gene 

expression when challenged with poly (I:C) 

 

ProbioKid and SLP-only had little to no effect on global gene 

modulation 

 Cut-off 1.5-fold in differential gene expression and p-value <0.05 

Challenges Genes   

poly (I:C)-only    863   

R0033 + poly (I:C)   465   

R0052 + poly (I:C)   369   

R0071 + poly (I:C)   293   

SLP + poly (I:C)   219   

ProbioKid + poly (I:C)    132   

ProbioKid-only  18   

SLP-only   45   

      



Gene Interaction Network Map 



 Multi-strain ProbioKid had greater impact of attenuating the immune response (synergistic) 

Results: Set Distiller Analysis - Immune and Virus Related 



Results: Set Distiller Analysis - Cellular, Endocrine & Disorder Related 

Evaluate other cellular pathways beyond the common immune pathways  



Results: KEGG Pathway Analysis 
 

(1) Overall, have deeper analysis of what genes are modulated in a pathway 
(2) Better understanding of the mechanisms of action   
(3) Make a rational approach as to what markers to measure at protein level to 
evaluate immune responses 

TNF Signaling Pathway 

Kyoto Encyclopedia of Genes and Genomes (KEGG)   



                 Cytokine/Chemokine Prolifing                    

       In vitro BIORAD Luminex   

Chemokines 
CXCL1 
CXCL2  

CXCL10  
IL-8 

Cytokines 
IL-1β   
IL-6  

IL-10 
TNF-α 

 

Selection based microarray  
and KEGG Pathway Analysis 
 
 

  6 hr 



Results: Cytokine/Chemokine Profiling                   
In vitro BIORAD Luminex  

Overall, attenuation with          
ProbioKid, SLP, R0052, R0033   

and  R0071  

Overall, attenuation with          
ProbioKid, SLP, R0052, R0033   

and  R0071  

   *  p< 0.05 
****  p< 0.0001 
Two-way Anova 



Results: Cytokine/Chemokine Profiling                   
In vitro BIORAD Luminex  

Overall, attenuation with  
SLP, R0052 and R0033 

Overall, attenuation with  
R0052, R0033 and R0071 

      *  p< 0.05 
     ****  p< 0.0001 

        Two-way Anova 
  



Results: Cytokine/Chemokine Profiling                   
In vitro BIORAD Luminex  

Overall, attenuation with  
ProbioKid, R0052, R0033, R0071, 

but up-regulation by SLP  

Overall, attenuation with   
ProbioKid , SLP, but up-regulation 

by R0071 

      *  p< 0.05 
          **  p< 0.01        

     ***  p< 0.001  
     ****  p< 0.0001 
      Two-way Anova 

  



Conclusions:   

• Single probiotic strains and R0052-SLP showed strain-specific 

attenuation of specific gene set expression compared to the viral 

mimic 

 

• The multi-strain formulation had a greater impact at attenuating 

global gene expression and pathway modulation compared to 

single strains (i.e. synergistic effect) 

 

• Whole genome microarrays are useful because they give us a 

rational approach as to what markers to measure at the protein 

level to evaluate immune responses in clinical studies, especially 

in the context of the disorder or challenge.  

 

• In particular, we believe that the T helper 17 cells may be critical 

control points for some probiotic strains and thus we should be 

looking at the cytokines: IL-17, IL-21, IL-22, and IL-23. 

 

 

 

 



Future Directions:   

• We are starting to understand the expression of 

genes/pathways modulated in intestinal epithelial cells by some 

of our probiotic bacteria. But this needs to be extended to other 

strains & products and other challenges. 

 

• This can be applied to any human cell system: cell lines, primary 

grown cells, biopsies and clinical samples. 

 

• By changing the human genome microarray to a rodent array (or 

use mRNA-seq), we can verify our findings in an animal model 

before committing to a human study. 

 

• It is a long process but highly adaptive approach. 
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Gene Network Analysis Using String 9.1 

TNF & NF-KB Signaling  
Attribute from Set Distiller Analysis  

 
Inflammation Disorder 

Attribute from Set Distiller Analysis  
   



     Experimental Design: Purity of S-layer Protein 
  For In vitro Microarray Analysis  

Purification of S-layer protein from R0052 for microarray 
analysis showing high purity   

   (Johnson-Henry  et al., 2007) 

Transmission and scanning electron 
microscopy of L. helveticus R0052  

1-plasma membrane 
2-cell wall 
3-S-layer 


