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Ø  Study the bioactivity of pre-/probiotics/synbiotics and SCFA towards gut 

function (small intestine & colon), innate immune function of gut and 
crosstalk to accompanied/systemic immune cells 

Ø  (Support) hypotheses on mechanism that underlie the effect of pre-/
probiotics/synbiotics and SCFA 

Ø  Leads for selection of compounds to support effectiveness of vaccine in pig 
trial 

 
 

SP2: Aims 

pre-/probiotics/SCFA 



Caco-2 cells 

Experimental set up Caco2 incubations 

Caco-2 cells 

7 days: colonic phenotype                    21 days: small intestinal phenotype 

pre- and/or probiotics or SCFA (6h) 

à 3 independent incubation experiments (= 3 biological replicates) 
 

transepithelial electrical resistance 
(TEER) – intestinal barrier integrity 
 

gene expression changes to identify 
biological (immune-related) processes 
affected by the compounds 
 



Caco-2 experiments within CCC3 
 

 
•  Caco2 incubations with products from industrial partners: 

Company Product Conc TEER ARRAY 
(21d) 

Sensus Inulins 0.5mg/ml ü ü 

Winclove W63, W37, W56 (6, 18h) 107, 108 ü ü 

Prebiotics (18h) 0.5, 5mg/ml ü 

Synbiotics (18h) 107, 5mg/ml ü 

Nutricia 
Research  

GOS/FOS, FOS/FOS 0.5, 5mg/ml 
 

ü ü 

Friesland 
Campina  

GOS, GOSLL, lactose 0.5, 5mg/ml 
(0.2, 2mg/ml) 

ü ü 
 

SCFA Ac:Pr:Bu 60:25:15 5, 10, 20, 40, 
80mM 

ü ü 
 



Overview results SP2 

Company Product TEER Immune-related gene expression 
(arrays) 

Sensus Frutafit TEX, HD, 
CLR 
Frutalose OFP 

CLR, OFP (21d; 1-6h) 
↑ 

CLR: ameliorating intestinal inflammation 
OFP: inducing acute phase response 

Winclove Lactobacilli strains 
W63, W37, W56 

W37 (7+21d; 6, 18h) ↑ 
W56 (7+21d;18h) ↑ 

W37 (6h): stimulating tight junction, 
lymphogenesis and differentiation FAE 

Nutricia 
Research  

GOS/FOS (9:1) 
FOS/FOS (9:1)  

F/F (21d; 1-6h) ↑ F/F: Stimulating DC/T cell response and 
tight junctions 

Friesland 
Campina  

GOS Vivinal, 
GOSLL, lactose 

GOS, GOSLL, lactose 
(21d; 1h) ↑ 

GOS: Antimicrobial effect (actin 
cytoskeleton signalling, adhesion, ECM 
remodelling, Ag presentation) 

SCFA Ac:Pr:Bu 60:25:15 
(based on inulin 
fermentation -lit) 

10nM no effect (other 
conc. osmolality effect)  

Influence NK cell activation 
(Stimulation of TICE) 

In general hardly any effect on TEER in colonic cells (7d Caco-2) 



TEER: Caco2 incubations with inulins - SENSUS 

$ #  $ # $ # 

$ (CLR), # (OFP) significantly different from DMEM p<0.05  

21 days differentiated Caco2 (small intestinal enterocyte-like) 

This indicates that short chain inulins enhance epithelial barrier integrity 

DP 



Chemotaxis	(T	cells) TEX HD CLR OFP
9034_at CCRL2

Anti-inflammatory
3146_at HMGB1
6542_at SLC7A2

Antigen	presentation	(MHC	class	I	-	T	cell	response)
80328_at ULBP2
3105_at HLA-A
5710_at PSMD4
3133_at HLA-E

Angiogenesis
9394_at HS6ST1
283_at ANG
10016_at PDCD6
54567_at DLL4
3611_at ILK
407006_at MIR221

Microarray data: 21 days-differentiated Caco2 with Inulins - Sensus  

Frutafit CLR: Ameliorating intestinal inflammation (role in IBD?) 

(anti-angiogenic) 

(partly) in accordance with Johnson-Henry et al. J Nutr. 2014, 144:1725-33 and Leenen et al. J Nutr. 2007,137:2572S-2575S  
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Overview current results SP2 

Company Product TEER Immune-related gene expression 
(arrays) 

Sensus Frutafit TEX, HD, 
CLR 
Frutalose OFP 

CLR, OFP (21d; 1-6h) 
↑ 

CLR: ameliorating intestinal inflammation 
OFP: inducing acute phase response 

Winclove Lactobacilli strains 
W63, W37, W56 

W37 (7+21d; 6, 18h) ↑ 
W56 (7+21d;18h) ↑ 

W37 (6h): stimulating tight junction, 
lymphogenesis and differentiation FAE 

Nutricia 
Research  

GOS/FOS (9:1) 
FOS/FOS (9:1)  

F/F (21d; 1-6h) ↑ F/F: Stimulating DC/T cell response and 
tight junctions 

Friesland 
Campina  

GOS Vivinal, 
GOSLL, lactose 

GOS, GOSLL, lactose 
(21d; 1h) ↑ 

GOS: Antimicrobial effect (actin 
cytoskeleton signalling, adhesion, ECM 
remodelling, Ag presentation) 

SCFA Ac:Pr:Bu 60:25:15 
(based on inulin 
fermentation -lit) 

10nM no effect (other 
conc. osmolality effect)  

Influence NK cell activation 
(Stimulation of TICE) 
 



* W37(7), # W56(8), $ (all) significantly different from DMEM p<0.05  

$ 

* 

* 

TEER: 21 days-differentiated Caco2 with probiotics - Winclove  

array 

This indicates that especially strain W37 enhances epithelial barrier integrity 

L. acidophilus W37; L. casei W56 en L. brevis W63 



Microarray data: 21 days-differentiated Caco2 with probiotics - Winclove  

L. acidophilus W37:  
Tight junction-related genes ↑ 
 
 
 
Enhanced barrier function 
   

W63 W37 W56
1001_at 1.00579 1.092729 CDH3
24146_at 1.09223 1.070162 CLDN15
10686_at 1.000478 CLDN16
1364_at 1.033953 1.041106 CLDN4
1500_at 1.072475 1.10187 CTNND1
1832_at 1.019119 1.021409 DSP
667_at 1.070007 1.089455 DST
50848_at 1.020454 1.031106 F11R
10207_at 1.049111 1.050814 INADL
3655_at 1.008546 1.055726 ITGA6
3909_at 1.03141 1.04786 LAMA3
3914_at 1.048114 1.063313 LAMB3
3918_at 1.107414 LAMC2
64398_at 1.004793 -1.03065 MPP5
84612_at 1.010895 1.006955 PARD6B
8502_at 1.039673 1.056929 PKP4
5339_at 1.094043 1.087516 PLEC
5584_at -1.05106 -1.07897 PRKCI
5872_at -1.0157 -1.01514 RAB13
51762_at 1.004224 1.020754 RAB8B
4088_at 1.031409 1.060132 SMAD3
6615_at 1.002074 1.126937 SNAI1
6801_at -1.00638 1.052325 STRN
7040_at -1.00519 1.031594 TGFB1
7481_at -1.01354 1.0083 WNT11
5566_at -1.07712 -1.09378 PRKACA



Microarray data: 21 days-differentiated Caco2 with probiotics - Winclove  

L. acidophilus W37:  
Differentiation into follicle associated epithelial cells (FAE) ↑ 
   

Follicle	associated	epithelium	(FAE)	markers

W63 W37 W56
6364_at 1.02313 -1.02341 CCL20
56477_at -1.00402 1.014135 CCL28
1364_at 1.033953 1.041106 CLDN4
58191_at 1.099234 1.124913 CXCL16
3914_at 1.048114 1.063313 LAMB3
3604_at 1.218759 TNFRSF9

FAE enterocytes contribute to antigen sampling by sensing luminal pathogens and 
their products and releasing cytokine and chemokine signals that attract and activate 
DCs (Marian R. Neutra & Pamela A. Kozlowski Nature Reviews Immunology 6, 148-158 (February 2006)  

    Enhanced immune stimulation? 



Overview current results SP2 

Company Product TEER Immune-related gene expression 
(arrays) 

Sensus Frutafit TEX, HD, 
CLR 
Frutalose OFP 

CLR, OFP (21d; 
1-6h) ↑ 

CLR: ameliorating intestinal inflammation 
OFP: inducing acute phase response 

Winclove Lactobacilli strains 
W63, W37, W56 

W37 (7+21d; 6, 18h) 
↑ 

W56 (7+21d;18h) ↑ 

W37 (6h): stimulating tight junction, 
lymphogenesis and differentiation FAE 

Nutricia 
Research  

scGOS/lcFOS (9:1) 
scFOS/lcFOS (9:1)  

F/F (21d; 1-6h) ↑ F/F: Stimulating DC/T cell response and 
tight junctions 

Friesland 
Campina  

GOS Vivinal, 
GOSLL, lactose 

GOS, GOSLL, 
lactose (21d; 1h) ↑ 

GOS: Antimicrobial effect (actin 
cytoskeleton signalling, adhesion, ECM 
remodelling, Ag presentation) 

SCFA Ac:Pr:Bu 60:25:15 
(based on inulin 
fermentation -lit) 

10nM no effect (other 
conc. osmolality 

effect)  

Influence NK cell activation 
(Stimulation of TICE) 
 



* (2mg/ml), # (5 mg/ml) significantly different from DMEM (p<0.01)  

TEER: Caco2 with GOS/GOSLL and lactose – Friesland Campina 
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This indicates an early effect of GOS on epithelial barrier integrity, 
especially with higher concentrations 

21 days differentiated Caco2 (small intestinal enterocyte-like) 



IPA Ingenuity: 
Protein 

ubiquitination 

GOS: Increased antigen presentation? 

Microarray data: Caco2 with GOS/GOSLL and lactose – Friesland Campina 



Overview current results SP2 

Company Product TEER Immune-related gene expression 
(arrays) 

Sensus Frutafit TEX, HD, 
CLR 
Frutalose OFP 

CLR, OFP (21d; 
1-6h) ↑ 

CLR: ameliorating intestinal inflammation 
OFP: inducing acute phase response 

Winclove Lactobacilli strains 
W63, W37, W56 

W37 (7+21d; 6, 18h) 
↑ 

W56 (7+21d;18h) ↑ 

W37 (6h): stimulating tight junction, 
lymphogenesis and differentiation FAE 

Nutricia 
Research  

scGOS/lcFOS (9:1) 
scFOS/lcFOS (9:1)  

F/F (21d; 1-6h) ↑ F/F: Stimulating DC/T cell response and 
tight junctions 

Friesland 
Campina  

GOS Vivinal, 
GOSLL, lactose 

GOS, GOSLL, 
lactose (21d; 1h) ↑ 

GOS: Antimicrobial effect (actin 
cytoskeleton signalling, adhesion, ECM 
remodelling, Ag presentation) 

SCFA Ac:Pr:Bu 60:25:15 
(based on inulin 
fermentation -lit) 

10nM no effect 
(other conc. 

osmolality effect)  

Influence NK cell activation 
(Stimulation of TICE) 
 



TEER:Caco2 with scGOS/lcFOS & scFOS/lcFOS (9:1) – Nutricia Research 
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* (F/F 5), # (F/F 0.5) significantly different from DMEM (p<0.05)  

This indicates that scFOS/lcFOS (9:1) enhance epithelial barrier integrity 
•   FF profile resembles that of short chain insulins 
•  GF profile resembles that of GOS 

21 days differentiated Caco2 (small intestinal enterocyte-like) 



Microarray data: Caco2 with scGOS/lcFOS & scFOS/lcFOS (9:1) – Nutricia Research 

Immune response / Inflammation 

GF	0.5 GF	5 FF	0.5 FF	5
2033_at EP300
3710_at ITPR3
5335_at PLCG1
2264_at FGFR4
4069_at LYZ
5818_at PVRL1
3340_at NDST1
8907_at AP1M1
7030_at TFE3
5819_at PVRL2
7917_at BAG6
3572_at IL6ST
2122_at MECOM
7707_at ZNF148
3688_at ITGB1
2241_at FER
55075_at UACA
347_at APOD
5169_at ENPP3
29110_at TBK1
3516_at RBPJ
722_at C4BPA
199_at AIF1
9255_at AIMP1
10512_at SEMA3C
330_at BIRC3
301_at ANXA1
4316_at MMP7
6375_at XCL1

Fold	changes

Stimulate DC / T cell response  
(attraction/NFKB activation)? 

This immune-related gene 
expression profile does not 
seem to resemble that of 
short chain inulins and GOS 



Overview current results SP2 

Company Product TEER Immune-related gene expression 
(arrays) 

Sensus Frutafit TEX, HD, 
CLR 
Frutalose OFP 

CLR, OFP (21d; 
1-6h) ↑ 

CLR: ameliorating intestinal inflammation 
OFP: inducing acute phase response 

Winclove Lactobacilli strains 
W63, W37, W56 

W37 (7+21d; 6, 18h) 
↑ 

W56 (7+21d;18h) ↑ 

W37 (6h): stimulating tight junction, 
lymphogenesis and differentiation FAE 

Nutricia 
Research  

scGOS/lcFOS (9:1) 
scFOS/lcFOS (9:1)  

F/F (21d; 1-6h) ↑ F/F: Stimulating DC/T cell response and 
tight junctions 

Friesland 
Campina  

GOS Vivinal, 
GOSLL, lactose 

GOS, GOSLL, 
lactose (21d; 1h) ↑ 

GOS: Antimicrobial effect (actin 
cytoskeleton signalling, adhesion, ECM 
remodelling, Ag presentation) 

SCFA Ac:Pr:Bu 60:25:15 
(based on inulin 
fermentation -lit) 

10nM no effect (other 
conc. osmolality 

effect)  

Influence NK cell activation 
(Stimulation of TICE) 
 



SCFA might influence NK cell activation and/or proliferation:  
MICA, MICB, ULBP1 (ligands for NKG2D receptor on NK cells)  
     Refs: Gopalakrishnan et al. J Nutr. 142, 2012 – GOS & NK cells 
              Watzl et al. Brit. J. Nutr. 93, 2005 – Inulin & NK cells 

NKG2D 
expression ↓ 

Inhibition NK cells 
(secretion by DC – 

activation) activation 

Microarray data: Caco2 with SCFA (10mM) - Ac:Pr:Bu 60:25:15 (6h) 

Ø  NK cells can support the development of memory T cells and 
thereby support vaccination efficacy 



Potential compounds that stimulate vaccination efficacy 

Company Product TEER Immune-related gene expression 
(arrays) 

Sensus Frutafit TEX, HD, 
CLR 
Frutalose OFP 

CLR, OFP (21d; 
1-6h) ↑ 

CLR: ameliorating intestinal inflammation 
OFP: inducing acute phase response 

Winclove Lactobacilli strains 
W63, W37, W56 

W37 (7+21d; 6, 18h) 
↑ 

W56 (7+21d;18h) ↑ 

W37 (6h): stimulating tight junction, 
lymphogenesis and differentiation FAE 

Nutricia 
Research  

scGOS/lcFOS (9:1) 
scFOS/lcFOS (9:1)  

F/F (21d; 1-6h) ↑ F/F: Stimulating DC/T cell response and 
tight junctions 

Friesland 
Campina  

GOS Vivinal, 
GOSLL, lactose 

GOS, GOSLL, 
lactose (21d; 1h) ↑ 

GOS: Antimicrobial effect (actin 
cytoskeleton signalling, adhesion, ECM 
remodelling, Ag presentation) 

SCFA Ac:Pr:Bu 60:25:15  
(based on inulin 
fermentation) 

10nM no effect (other 
conc. osmolality 

effect)  

Influence NK cell activation 
(Stimulation of TICE) 
 



Pig trial: synbiotic improves vaccination efficacy 



Pig trial: inulin enhances NK cell population? 

NK cells ↑, only 2 days before vaccination (day 23), 
mainly in contaminated animals  



Pig trial: qPCR + histology on ileum (punch last 2 cm)  

•  Histology (n=7, 6 pictures/pig) 

Treatment	 M	cells	 SEM	 Area	of	distribution	(µm²)	 SEM	

Non-Vaccinated	 2.2679a	 0.0263	 12,329.21a	 119.2103	
Vaccinated#	 3.4167a	 0.0598	 13,000.13a	 121.8446	
Prebiotic	 4.0192a	 0.0683	 13,361.10aa	 109.5037	
Synbiotic*	 3.3611a	 0.0755	 13,876.32a	 125.1516	

	

Ø  Only very small piece of tissue analysed 
Ø  Only samples at the end of the pig trial 
 

•  No significant effects found by FAE-related gene 
expression analysed by qPCR (n=10) 



Other array generated leads 

Company Product TEER Immune-related gene expression 
(arrays) 

Sensus Frutafit TEX, HD, 
CLR 
Frutalose OFP 

CLR, OFP (21d; 
1-6h) ↑ 

CLR: ameliorating intestinal inflammation 
OFP: inducing acute phase response 

Winclove Lactobacilli strains 
W63, W37, W56 

W37 (7+21d; 6, 18h) 
↑ 

W56 (7+21d;18h) ↑ 

W37 (6h): stimulating tight junction, 
lymphogenesis and differentiation FAE 

Nutricia 
Research  

scGOS/lcFOS (9:1) 
scFOS/lcFOS (9:1)  

F/F (21d; 1-6h) ↑ F/F: Stimulating DC/T cell response and 
tight junctions 

Friesland 
Campina  

GOS Vivinal, 
GOSLL, lactose 

GOS, GOSLL, 
lactose (21d; 1h) ↑ 

GOS: Antimicrobial effect (actin 
cytoskeleton signalling, adhesion, ECM 
remodelling, Ag presentation) 

SCFA Ac:Pr:Bu 60:25:15  
(based on inulin 
fermentation) 

10nM no effect (other 
conc. osmolality 

effect)  

Stimulation of NK cell activation 
Stimulation of TICE 
 



Other array generated leads – literature support 

•  Antimicrobial effect by GOS 
    Refs: -Searle LE, et al. (2010) Journal of Medical Microbiology 59,1428–1439. 
             -Ignatova-Ivanova, et al.(2010) Biotechnology & Biotechnological   
               Equipment, 24:sup1, 484-487 (indirect effect via microbiota) 
             -Shoaf et al. (2006) Infect. Immun. 74,  6920-6928 
 
•  Stimulation of transintestinal cholesterol excretion (TICE) 

by SCFA 
     Refs: -Favier et al. (1997) Lipids 32, 953–959 
              -Levrat et al. (1996) Lipids 31, 1069-1075 
              -Ndou et al. (2017) J. Anim. Sci.,95:3068–3078 

Validation gave variable results..... 



Overall conclusions SP2 

•  In vitro experiments show and support an 
effect of pre-/probiotics/synbiotics and SCFA 
on intestinal barrier functioning, including 
immune regulation 

•  Array data can provide valuable leads for 
generating new hypotheses: 

    - pre-/probiotics/synbiotics support of vaccination efficacy 
       (potential underlying mechanisms) 
     - SCFA stimulate TICE 
     - GOS might have an antimicrobial effect 

 



Thanks for your attention 



qPCR validation of cholesterol metabolism-related genes in Caco-2 cells 
 

Other array generated leads - SCFA 

Hypothesis: SCFA can stimulate transintestinal cholesterol excretion (TICE)? 

cholesterol cholesterol 



Increased 
TICE, but not 

significant 

Hypothesis validation in vivo: inulin intervention in mice 

Performed at UMCG 



Other array generated leads 

Company Product TEER Immune-related gene expression 
(arrays) 

Sensus Frutafit TEX, HD, 
CLR 
Frutalose OFP 

CLR, OFP (21d; 
1-6h) ↑ 

CLR: ameliorating intestinal inflammation 
OFP: inducing acute phase response 

Winclove Lactobacilli strains 
W63, W37, W56 

W37 (7+21d; 6, 18h) 
↑ 

W56 (7+21d;18h) ↑ 

W37 (6h): stimulating tight junction, 
lymphogenesis and differentiation FAE 

Nutricia 
Research  

scGOS/lcFOS (9:1) 
scFOS/lcFOS (9:1)  

F/F (21d; 1-6h) ↑ F/F: Stimulating DC/T cell response and 
tight junctions 

Friesland 
Campina  

GOS Vivinal, 
GOSLL, lactose 

GOS, GOSLL, 
lactose (21d; 1h) ↑ 

GOS: Antimicrobial effect (actin 
cytoskeleton signalling, adhesion, ECM 
remodelling, Ag presentation) 

SCFA Ac:Pr:Bu 60:25:15  
(based on inulin 
fermentation) 

10nM no effect (other 
conc. osmolality 

effect)  

Stimulation of NK cell activation 
Stimulation of TICE 
 



-  ORM1 (orosomucoid 1) ↑: immunomodulatory functions (on 
granulocytes, lymphocytes, monocytes and other cells involve in 
immune response); antiinflammatory molecule, direct protection against 
pathogens (LPS) - secreted 

    Ceciliana et al. Curr Protein Pept Sci. 2007 Feb;8(1):91-108     
 
-  GBP1 (guanylate-binding protein 1) ↑ : protection against pathogens - 

cytoplasmic 
    Vestal et al. J Interferon Cytokine Res. 2011; 31(1): 89–97     
    
-  SLPI (secretory leukocyte peptidase inhibitor) ↑ : protecting epithelial 

surfaces from attack by endogenous proteolytic enzymes. This 
antimicrobial protein has antibacterial (inhibits bacterial growth), 
antifungal and antiviral activity - secreted 

    Si-Tahar et al. Gastroenterology. 2000 Jun;118(6):1061-71 

Other array generated leads - GOS 



Effect of GOS Vivinal (5mg/ml) on antimicrobial gene expression (time course) 



Detection ORM1/SLPI in apical/BL medium of Caco-2 cells (time course study) 

•  ORM1 and SLPI secretion most pronounced on apical site 
•  GOS (5mg/ml) stimulates production and secretion of ORM1 and SLPI  

Ø  Hard to reproduce these data  
Ø  Also additional experiments like bacterial translocation, -adhesion assays 

gave variable, so no conclusive results (yet) 

Caco-2 
cells 


