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Abstract 

Symprove, a multi-strain probiotic, has been shown to exert a mild anti-

inflammatory effect in patients with ulcerative colitis (UC). We examined stool 

samples from 3 patients with UC in order to create microbiotas in an in-vitro gut 

model. The effects of Symprove on bacterial diversity and metabolic activity in the 

microbiotas was evaluated over 48h. In addition, the influence of probiotic dosing on 

epithelial tight-junction integrity, production of inflammatory markers and wound 

healing were evaluated in cell culture models. The relative proportions of the main 

bacterial phyla in UC patients differed from those of healthy subjects studied 

previously; levels of Firmicutes were lowered and levels of Bacteroidetes were 

raised. Addition of Symprove changed the bacterial composition in the microbiotas 

over a 48h period.  Several other factors generally implicated in good gut health 

changed after dosing with probiotic; production of short chain fatty acids (SCFAs) 

and lactate was stimulated, levels of anti-inflammatory cytokines (IL-6, IL-10) 

increased, levels of pro-inflammatory cytokines and chemokines (MCP-1 and IL-8) 

decreased, epithelial tight junction integrity improved and wound healing occurred 

faster than a control. The results imply it is not the simple addition of probiotic 

bacteria that improves gut health. Rather, the probiotic bacteria generate lactate, 

which then stimulates growth of commensal gut bacteria, raising SCFA levels 

(particularly butyrate). The increased butyrate concentration positively influences 

inflammation response and time of wound healing. 
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1. Introduction 

Irritable bowel syndrome (IBS) and inflammatory bowel disease (IBD) are two of the 

most common gastrointestinal diseases and are frequently associated with similar 

symptoms. IBS is mostly a non-inflammatory condition while IBD is associated with 

significant intestinal inflammation proportional to the symptoms. The two most 

prevalent disease states of IBD are Crohn’s disease (CD) and ulcerative colitis (UC). In 

no case is the precise cause of the illness known. With the introduction of molecular 

microbiotic techniques there has been renewed interest in the possibility that the 

microbiome may play a significant pathophysiological role in these diseases.  

 

The human intestinal microbiota is thought to be critically important to proper gut 

function and maintenance of health (Guarner, 2006). Study of the microbiome is 

complex and compounded by age, gender, diet, ethnicity, method of birth and 

numerous other environmental factors. Nevertheless, it appears that, in common 

with many intestinal and extra-intestinal conditions, patients with IBD have an 

overall change in composition of their gut bacteria compared with healthy subjects; 

i.e. have dysbiosis. The bacteria that make up the microbiome interact with each 

other as well as with the human host in a symbiotic way in healthy people, but it is 

increasingly evident that when the microbiome is altered, as it is in many conditions, 

that this may be associated with disease and exacerbation of disease. The way this is 

brought about in patients with IBD is somewhat speculative.  Because the microbiota 

collectively produces a wide range of compounds (such as short-chain fatty acids, 

SCFA, vitamins and signalling molecules) some of these may invoke an inflammatory 
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response from the gut which may underpin the development and/or progression of 

IBD. 

 

Dysbiosis is uniformly demonstrated in IBD patients (for instance, Machiels et al, 

2014; Manichanh et al, 2006; Sokol et al, 2008; Walker et al, 2011) but the changes 

in bacterial phyla mostly show a reduction in the levels of Firmicutes and an 

elevation in levels of Bacteroidetes, rather than specific pathognomonic changes 

(Yan and Li, 2020, Halfvarson et al, 2017);  

 

Treatment of active IBD is variably staged; first line treatment involves the use of 5-

aminosalicylic acids, antibiotics and corticosteroids (Varum et al, 2020a, 2020b). 

Azathioprine, an immunomodulator and related agents represent second line agents 

and a variety of biologicals the third stage (Yadav et al, 2016). Many of these agents 

may be detrimental to the gut microbiota (Vangoitsenhoven and Cresci, 2020). 

Accordingly, it is suggested that probiotic supplementation, as an adjunct to 

conventional therapy, may be beneficial (Ud Din et al, 2020) and certain probiotics 

have been shown to improve symptoms and/or reduce intestinal inflammation in UC 

in randomised controlled trials in man (Bjarnason et al, 2019). 

 

We have shown that dosing with a live probiotic suspension (SymproveTM, an 

aqueous probiotic suspension containing Lactobacillus acidophilus NCIMB 30175, 

Lactobacillus plantarum NCIMB 30173, Lactobacillus rhamnosus NCIMB 30174 and 

Enterococcus faecium NCIMB 30176) changed the proportions of species in the 

human gut microbiota in an in-vitro model (Moens et al, 2019). Symprove showed a 
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high degree of gastric acid tolerance during in-vitro testing (Fredua-Agyeman and 

Gaisford, 2015) and it has undergone rigorous efficacy studies in a number of 

intestinal diseases including IBS (Sisson et al, 2014), diverticular disease (Kvasnovsky 

et al, 2017) and UC (Bjarnason et al, 2019). Symprove has been shown to supress 

Clostridium difficile (Fredua-Agyeman et al, 2017), Escherichia coli, methicillin-

resistant Staphylococcus aureus (MRSA) and Shigella sonnei (Dodoo et al, 2019) in-

vitro.  

 

Clinical acceptance and use of probiotic supplements in the management of IBD will 

only occur if a clinically significant effect is demonstrated in appropriate randomised, 

placebo-controlled trials. However, it is important to study if such outcomes are 

associated with the probiotic bacteria integrating and assimilating into an existing 

gut microbiota and/or causing a change in the proportion of species it contains and 

their associated metabolic activities. 

  

We aimed here to determine whether Symprove altered bacterial proportions in the 

microbiotas of patients with IBD (specifically UC). The experimental difficulties of 

making such measurements in-vivo meant we employed an in-vitro dynamic, multi-

compartment gastrointestinal model (the simulator of the human intestinal 

microbial ecosystem, equipped with a mucosal compartment, M-SHIME®), populated 

with microbiotas from three patients with diagnosed UC (the ability to conduct the 

investigation with microbiotas from diseased patients is a key advantage of this 

technique). Full details of the experimental arrangement of the M-SHIME® system 

are described elsewhere (Van den Abbeele et al, 2010, 2012, 2013). An in-vitro cell 
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culture model was used to determine epithelial tight junction integrity, inflammatory 

response and time of wound healing. 

 

2. Materials and Methods 

2.1 M-SHIME® testing: Symprove was obtained from Symprove Ltd and used as 

received. Experiments were performed using the M-SHIME® system (Van den 

Abbeele et al, 2010, 2012, 2013) configured for short-term batch experiments. This 

involved fermentation of faecal samples (from three human donors, see below) in 

single vessels in the presence or absence of the probiotic bacteria in Symprove. A 

sugar-depleted nutritional medium (56 mL) buffered at pH 6.5, containing 5.9 g/L 

K2HPO4, 18.3 g/L KH2PO4, 2.3 g/L NaHCO3, 2.3 g/L yeast extract, 2.3 g/L peptone, 0.6 

g/L cysteine-HCl and 2.3 mL/L Tween 80 was co-administered with Symprove (7 mL) 

at the start of fermentation. A corresponding series of blank experiments were 

conducted by adding the basal nutritional medium to distilled water (7 mL, instead 

of Symprove).  Comparison of the blank data with the Symprove data allowed the 

effects of the probiotic formulation to be determined. 

 

A 7.5% (w/v) faecal suspension was prepared from each UC donor in anaerobic 

phosphate buffer (K2HPO4 8.8 g/L; KH2PO4 6.8 g/L; sodium thioglycolate 0.1 g/L; 

sodium dithionite 0.015 g/L) and was inoculated (7 mL) into the reactors, bringing 

the total volume to 70 mL. Finally, five mucin-covered microcosms were added to all 

colonic vessels, enabling maintenance of not only a luminal microbiota but also 

specific mucus-associated bacteria in the colonic regions. Each incubation was 
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performed in triplicate, resulting in 18 independent incubations. Incubations were 

performed under anaerobic conditions for 48 h at 37 °C under continuous shaking. 

 

2.2 Measurement of microbial metabolites and protein metabolism: SCFA levels 

(acetate, propionate and butyrate) and branched-chain fatty acids (bCFA, 

isobutyrate, isovalerate and isocaproate) were quantified with gas chromatography 

(GC) coupled to flame ionization detection (FID). After addition of 2-methyl hexanoic 

acid as an internal standard, 2.0 mL of sample was extracted with diethyl ether. The 

extracts were analyzed using a GC-2014 gas chromatograph (Shimadzu, 

Hertogenbosch, Netherlands), equipped with a GC SGE capillary column (30 mm x 

0.32 mm ID-BP 21 x 0.25 µm, Achrom, Machelen, Belgium), a flame ionization 

detector and a split injector. The injection volume was 1 µL and the column 

temperature profile was set from 110 to 160 °C, with a temperature increase of 6 °C 

min-1. The carrier gas was nitrogen and the temperature of the injector and detector 

were both 200 °C. 

 

Lactate quantification was performed using a commercially available enzymatic 

assay kit (R-Biopharm,Darmstadt, Germany) according to the manufacturer’s 

instructions. Ammonium analysis was performed as previously described by Van de 

Wiele et al (2004) by steam distillation. The ammonium in the distillate was 

determined titrimetrically with HCl. 

 

2.3 Microbial community analysis: The microbiota profiling of each colon 

compartment was established with 16S-targeted sequencing analysis at the 
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beginning and end (48 h) of fermentation (Ilumina). Being polymerase-chain reaction 

(PCR) based, microbial gene sequences are amplified until saturation is reached, 

meaning results at the phylogenetic level (phylum, family, genus and operational 

taxonomic unit, OTU) are expressed as proportional values. The 16S rRNA gene V3-

V4 hypervariable regions were amplified by PCR using primers 341F (5’-CCT ACG 

GGN GGC WGC AG -3’) and 785Rmod (5’-GAC TAC HVG GGT ATC TAA KCC-3’), with 

the reverse primer being adapted from Klindworth et al (2013) to increase coverage. 

Quality control PCR was conducted using Taq DNA Polymerase with the Fermentas 

PCR Kit according to the manufacturers’ instructions (Thermo Fisher Scientific, 

Waltham, MA, USA). The obtained PCR product was run along the DNA extract on a 

2% agarose gel for 30 min at 100 V. An aliquot of the original genomic DNA extract 

(10 µL) was sent out to LGC genomics GmbH (Germany) for library preparation and 

sequencing on an Illumina Miseq platform with v3 chemistry with the primers 

mentioned above. 

 

2.4. Caco-2/THP1-blueTM co-culture model: The co-culture experiment was 

performed as previously described (Daguet et al, 2016). Caco-2 cells (HTB-37; 

American Type Culture Collection) were seeded in 24-well semi-permeable inserts 

(0.4 m pore size) at a density of 1 x 105 cells/insert. Caco-2 monolayers were 

cultured for 14 days, with three changes of medium per week, until a functional 

monolayer with a transepithelial electrical resistance (TEER) of more than 300  cm2 

was obtained (measured with a Millicell ERS-2 epithelial volt-ohm meter, Millipore). 

Cells were maintained in Dulbecco’s Modified Eagle Medium (DMEM) containing 
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glucose (25 mM) and glutamine (4 mM), supplemented with HEPES (10 mM) and 

heat-inactivated foetal bovine serum (HI-FBS, 20% v/v).  

 

THP1-BlueTM cells (InvivoGen) were seeded in 24-well plates at a density of 5 x 105 

cells/well and treated with phorbol 12-myristate 13-acetate (PMA) for 48 h and 

maintained in Roswell Park Memorial Institute (RPMI) 1640 medium containing 

glucose (11 mM) and glutamine (2 mM), supplemented with HEPES (10 mM), sodium 

pyruvate (1 mM) and HI-FBS (10% v/v).  

 

Before setting up the co-culture, the TEER of the Caco-2 monolayer was measured 

(the TEER of an empty insert was subtracted from all readings). Caco-2 bearing 

inserts were then placed on top of the PMA-differentiated THP1-blueTM cells. The 

apical compartment (containing Caco-2 cells) was filled with sterile-filtered (0.22 m) 

colonic SHIME media (diluted 1:5 v/v in Caco-2 complete medium). Cells were 

treated apically with sodium butyrate (12 mM, Sigma-Aldrich) as a positive control. 

The basolateral compartment (containing THP1-blueTM cells) was filled with Caco-2 

complete medium. Cells were treated for 24 h, after which the TEER was measured. 

The basolateral supernatant was then discarded and cells were stimulated on the 

basolateral side with Caco-2 complete medium containing ultrapure 

lipopolysaccharide (LPS, E. coli K12, InvivoGen). Cells were also stimulated at the 

basolateral side with LPS in combination with hydrocortisone (HC, Sigma-Aldrich) 

and medium without LPS as controls. After LPS stimulation (6 h) the basolateral 

supernatants were collected for cytokine measurement (human TNF-, IL-6, IL-8, IL-

10, CXCL10 and MCP-1) by Luminex® multiplex (Affymetrix-eBioscience) and for NF-
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B activity. The THP1-Blue™ cells contain a stably transfected reporter construct 

allowing the expression of a secreted alkaline phosphatase (SEAP) under the control 

of an NF-B inducible promoter. Hence, upon LPS stimulation, NF-B is activated, 

leading to the secretion of SEAP in the basolateral medium. Then, SEAP activity was 

measured in the basolateral medium using the QUANTI-BlueTM reagent (Invivogen). 

All measurements were performed in triplicate and cells were incubated at 37 oC in a 

humidified atmosphere of air/CO2 (95:5 v/v). 

 

2.5. Scratch wound healing assay: T84 cells (Sigma-Aldrich) were seeded in 24-well 

plates and cultured for 7 days, with three changes of medium per week, until a 

complete, confluent, cell monolayer was formed. Cells were maintained in 

DMEM/Nutrient mixture F-12 Ham containing L-glutamine and HEPES supplemented 

with antibiotic/antimycotic (Gibco, Life Technologies) and 5% HI-FBS. Cells were 

incubated at 37 oC in a humidified atmosphere of air/CO2 (95:5 v/v). 

 

After 7 days of culture a scratch was created in the T84 cell monolayer, followed by 

treatment with 1/10 diluted colonic suspensions in serum-free T84 culture medium. 

Images were captured with a Cytation 5 Cell Imaging Multi-mode Reader at the 

initial time point (0 h) and after incubation (24 h). Images were compared in order to 

quantify the migration rate of the cells by measuring the wound area using ImageJ®. 

Serum-free culture medium and 5 mM NaB (Sigma-Aldrich) were used as negative 

and positive controls respectively. All measurements were conducted in triplicate. 
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2.6. Statistical tests for the cell assays: 

Caco-2/THP1 co-culture: Colonic batch treatment samples were compared with their 

respective control samples using a two-way ANOVA with Sidak’s multiple 

comparisons test. For the pure product, statistical significance for the TEER was 

calculated by using one-way ANOVA with Dunnett’s multiple comparisons test and 

the different concentrations of Symprove were compared with CM. Statistically 

significant differences are represented by (*). (*), (**), (***) and (****) represent 

p<0.05, p<0.01, p<0.001 and p<0.0001, respectively. All statistics were performed 

using GraphPad Prism version 7.02 for Windows (GraphPad Software, San Diego, CA, 

USA). 

 

Wound healing: Statistical significance between CM and sodium butyrate was 

calculated with an unpaired, two-tailed t-test with Welch’s correction. To evaluate 

differences in wound area, colonic batch treatment samples were compared with 

their respective control samples using a two-way ANOVA with Sidak’s multiple 

comparisons test. For pure product, statistical significance was calculated by using 

one-way ANOVA with Dunnett’s multiple comparisons test against CM. Statistically 

significant differences are represented by (*). (*), (**), (***) and (****) represent 

p<0.05, p<0.01, p<0.001 and p<0.0001, respectively. All statistics were performed 

using GraphPad Prism version 7.02 for Windows (GraphPad Software, San Diego, CA, 

USA). 

 

All samples were taken as biological replicates in the cell assays (n=3/donor) and 

statistics were performed on the average of the replicates. 
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2.7. Donors. Faecal samples were obtained from three patients with UC, all in clinical 

remission and none recently on steroids). Samples were collected according to the 

ethical approval of the University Hospital Ghent (reference number: 

B670201836585). 

 

3. Results and discussion 

Table 1 shows the proportions of the five main phyla of the microbiotas of the UC 

donors prior to addition of Symprove. The predominant phylum was the Firmicutes, 

with Bacteroidetes and Actinobacteria accounting for the majority of the remaining 

bacteria. Firmicutes accounted for more than half the bacteria in all donors while 

Bacteroidetes were second most prevalent in donors 1 and 3. Donor 2 showed a high 

level of Actinobacteria, which were present at the expense of Bacteroidetes.  

 

Tables 2 and 3 show the compositions of the gut microbiota, in terms of the five 

major phyla, for the three donors after the control and Symprove incubations (the 

data are shown graphically in Figure S1 and familial detail of operational taxonomic 

units (OTU) within phyla are given in Tables S1 and S2). Some significant changes in 

bacterial composition are apparent. Firstly, the proportion of Firmicutes was raised 

in the mucus of all three donors, and in the lumen for donor 1. Partly, this 

enrichment reflected the integration and proliferation of the probiotic species in 

Symprove, but there were contributions from other families, in particular 

Lachnospiraceae and to a lesser extent Streptococcaceae and Veillonellaceae in the 

mucus and Roseburia species in the lumen (OTU13 for donors 1 and 2 and OTU44 for 
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donor 3). More specifically, Symprove resulted in a substantial increase in the 

relative abundance of Veillonellaceae in the luminal microbiota of donor 1, whereas 

for donors 2 and 3 the increased abundance of Firmicutes was due to a substantial 

increase in Lachnospiraceae in the mucus layer. Levels of Actinobacteria were raised 

in the luminal compartments of all donors, principally due to stimulation of 

Bifidobacteriaceae (although no specific OTUs were seen to increase in all donors; 

Bifidobacterium longum was enriched in donor 3 while Bifidobacterium 

pseudolongum was enriched in donor 2 for instance).   

 

The application of Symprove also resulted in a small change in Proteobacteria 

numbers; a mild stimulatory effect was seen in the mucus while their relative 

numbers were lowered in the lumen (in all donors). Enrichment was primarily due to 

Enterobacteriaceae in donors 1 and 2 and Burkholderiaceae in donors 2 and 3. 

Lowering was due to loss of Burkholderiaceae (OTU52, Parasutterella 

excrementihominus) in donor 3 and Enterobacteriaceae (OTU1, E. coli) in donors 1 

and 2. Other changes that did not reach statistical significance included stimulation 

of Verrucomicrobia (OTU6, A. muciniphila) in donor 1 and enrichment of 

Bacteroidaceae in the lumen of donor 2. 

 

Patients with IBD exhibit reduced diversity of bacteria in their microbiotas compared 

with healthy controls. Walker et al (2011) demonstrated reduced numbers of 

Firmicutes and raised levels of Bacteroidetes in IBD patients and, in UC patients only, 

raised levels of Enterobacteriaceae. In a study of UC patients, Roseburia hominis and 

Faecalibacterium prausnitzii were reduced (Machiels, 2014). Broadly, these clinical 
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observations are in agreement with the data reported here; in the donor samples 

prior to treatment, levels of Firmicutes were lowered in 2 of the donors and levels of 

Bacteroidetes were raised in all three donors. 

 

The relative abundance of F. prausnitzii may be a particularly important factor in IBD 

because the species has been shown to exert a strong anti-inflammatory effect in 

the gut (Sokol et al, 2008) associated with reductions in pro-inflammatory cytokines, 

particularly NF-B (Segain et al, 2000). Further, it is associated with high butyrate 

concentrations; butyrate is an important energy source for colonocytes and may 

stimulate production of regulatory anti-inflammatory T-cells (Arpaia et al, 2013). In 

this work, incubation with Symprove did not significantly increase the relative 

abundance of F. prausnitzii, but it did stimulate Roseburia species in the lumen. 

 

Machiels et al (2014) reported reduced levels of the SCFA acetate, propionate and 

butyrate in UC patients while L-lactic acid levels in faeces was increased in patients 

with active disease. In a meta-analysis of 12 studies, Zhuang et al (2019) found 

acetate, valerate and total SCFA levels were reduced in UC patients. 

 

Figure 1 shows the lactate and SCFA concentrations with and without incubation 

with Symprove. Concentrations of acetate, propionate and butyrate all increased 

with time. Acetate concentrations were raised after 6 h and continued to rise during 

the first 24 h of the test for all donors. In donor 1, acetate levels continued to rise 

during the 48 h of the test, while for donor C acetate was consumed during the 24-

48 h period, indicative of cross-feeding. Propionate and butyrate production started 
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after 6 h and concentrations continued to rise for the remainder of the test for all 

donors. Lactate concentrations rose substantially after 6 h but was then actively 

consumed by the microbiota. 

 

The changes in SCFA and lactate levels associated with incubation with Symprove are 

in keeping with previous studies (Moens et al, 2019). Lactate increases in 

concentration first, because of carbohydrate fermentation by the lactic-acid bacteria 

in Symprove. Lactate itself does not accumulate in the system, however, because it is 

a substrate for propionate-producing species, such as Veillonella and Megasphaera 

(Reichardt et al, 2014), and butyrate-producing species, such as Anaerostipes caccae 

and E. hallii (Duncan et al, 2004a; Louis et al, 2014; Flint et al,2015). The obtained 

data for the specific stimulation of certain SCFAs in the different donors correlated 

well with the stimulatory effect of Symprove on certain bacterial families in the 

different donors (see above). Whereas dosing of Symprove resulted in a general 

increase in SCFA production for each donor, acetate and propionate production was 

mainly stimulated in donor 1, whereas the highest stimulation observed for donors 2 

and 3 was for butyrate. Indeed, compositional analyses revealed that Symprove 

mainly stimulated the growth of Veillonellaceae in the lumen of donor 1, whereas in 

donors 2 and 3 Symprove resulted in a significant stimulation of the Lachnospiraceae 

on the mucus. Members of the Veillonellaceae family will consume lactate resulting 

in the production of propionate and acetate (Ng and Hamilton, 1971) whereas the 

Lachnospiraceae contain lactate-consuming, butyrate-producing bacterial species 

(Duncan et al., 2004a).  
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The induction of lactate cross-feeding is a key mechanism in the action of lactic acid 

containing probiotics, assuming that such probiotics survive the passage through the 

stomach and arrive in a viable state in the colon. At the same time, the increase in 

lactic acid concentration reduces local pH, making the environmental conditions 

tougher for certain opportunistic pathogenic species. The net result is a change in 

the relative abundances of species in the microbiota, in favour of the beneficial 

commensal groups. Importantly, this is a general effect of probiotics suggesting that 

probiotic supplements have a potential to exert a beneficial effect in various 

conditions. 

 

Acetate is produced as a by-product of saccharolytic fermentation by numerous 

bacterial groups (including Bifidobacteria, De Vuyst et al, 2014, Bacteroidetes,, Macy 

et al, 1978; Baxter et al, 2019, and acetogenic bacteria, Ragsdale and Pierce 2008) 

and in human faeces it accounts for more than 50 % of the total SCFA, Louis et al, 

2007. This accounts for the elevation in acetate levels seen in the test. Acetate is 

itself a substrate for many butyrate-producing species (such as F. prausnitzii and 

Roseburia spp, Duncan et al, 2004b) and is an essential co-substrate for butyrate 

synthesis from lactate or carbohydrate (Duncan et al, 2002) and so its presence 

stimulates the production of butyrate at the expense of lactate. 

 

Gut microbes switch to protein metabolism, once available dietary carbohydrate has 

been consumed, resulting in the production of various metabolic by-products 

including ammonium, numerous branched-chain fatty acids, principally isobutyrate, 

isovalerate and isocaproate, and several amines, phenols/indoles and sulphides. Low 
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levels of these compounds are desirable because they are generally viewed as 

detrimental to human health (Scott et al, 2013). Figure 2 shows the bCFA and 

ammonium concentrations recorded in the microbiotas of IBD donors following 

dosing with Symprove; the concentrations of bCFAs were not significantly altered, 

but the ammonium concentrations were lowered in all cases, relative to the control 

samples. 

 

While it is difficult to state with certainty that there are distinctive and characteristic 

changes in gut microbiota diversity in patients with IBD, it does seem that in general 

levels of Firmicutes are reduced, levels of Bacteroidetes are raised and production of 

SCFAs is suppressed. Given that incubation with Symprove in the current study 

improved all three of these, it seems reasonable to suggest that this may be one of 

the mechanisms that mediate the anti-inflammatory effect of Symprove seen in 

patients with UC (Bjarnason et al, 2019). 

 

Intestinal intercellular tight junction integrity is disrupted in UC (Artis, 2008) often 

because of dysbiosis of the gut microbiota. Tight-junction integrity was quantified 

here with an in-vitro bilayer cell model comprising epithelial-like cells (Caco-2 cells) 

and immune cells of human origin (THP1 cells). Table 3 shows the TEER values for 

Caco-2/THP1 cells treated with colonic media with and without dosing with 

Symprove for 24 h. For all donors the TEER values of the controls were the same as 

those of the experimental controls, while following dosing with the probiotic TEER 

values were higher (although they did not reach statistical significance), indicating a 

mild protective effect on inflammation-induced tight junction integrity. Many studies 
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have shown that Lactobacillus and/or butyrate have a positive influence on TEER and 

wound healing (for instance, Ma et al, 2012; Gudadappanavar et al, 2017). The issue 

is to know whether the effects arise from addition of the probiotic or stimulation of 

the microbiome.  

 

We have reported previously the effect of incubating the apical side of the cell 

model with various concentrations of probiotic bacteria for 24 h (Ghyselinck et al, 

2020). No increase in TEER was seen at bacterial concentrations of 105, 106 or 107 

cfu/mL, confirming that the simple presence of the probiotic bacteria had no 

influence of tight-junction integrity. We also showed that exposure to sodium 

butyrate (12 mM) for 24 h caused an increase in TEER to 110.3 ± 1.3 (Ghyselinck et 

al, 2020). Thus, it appears that simple addition of probiotics per se to the gut does 

not result in improved epithelial tight-junction integrity. Rather, gut wall barrier 

function improves from the increased SCFA concentration (butyrate in particular) 

produced by stimulation of the commensal gut bacteria. It is critical to note, though, 

that in order to exert an effect in-vivo, it is critical that the bacteria in a probiotic 

supplement survive the challenges presented by oral delivery; low stomach pH and 

high bile salt concentrations/ionic strength in the small intestine. We have shown 

previously that Symprove showed a particularly high degree of tolerance to acid 

during in-vitro testing (Fredua-Agyeman and Gaisford, 2015) and in previous M-

SHIME tests 99.7 % of the bacteria added to the system arrived in the colonic 

chambers in a viable state (Moens et al, 2019). 
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The inflammatory response of the cells was evaluated by measuring production of 

anti-inflammatory cytokines (IL-6, IL-10) and inflammatory cytokines and 

chemokines (TNF, MCP-1, CXCL 10 and IL-8). Figure 3 shows the NF-B activity and 

Figure 4 shows the concentrations of IL-6 and IL-10 following exposure of the cells to 

colonic media with and without addition of Symprove for 24 h. For all donors, 

Symprove increased NF-B activity and concomitant secretion of the anti-

inflammatory cytokines compared with the untreated controls. Upon treatment, the 

secretion of IL-6 and IL-10 were higher in donors 2 and 3 compared with donor 1, in 

accordance with the higher butyrate production observed in these donors. Whereas 

the anti-inflammatory role of IL-10 is clear, the anti-inflammatory properties of IL-6 

are dependent on the pathophysiological context. Indeed, IL-6 has been shown to 

exert positive effects on the regeneration of the intestinal epithelium and wound 

healing (Dann et al, 2008). Moreover, IL-6 inhibits production of pro-inflammatory 

cytokines (TNFα and IL-1β) in monocytes/macrophages (Aderka et al, 1989). Figure 5 

shows the concentrations of TNF, MCP-1, CXCL 10 and IL-8 following exposure of 

the cells to colonic media with and without addition of Symprove for 24 h. Here, 

concentrations were highly dependent on the donor. TNF secretion was decreased 

for all donors, but these changes were not statistically significant. For all donors, 

CXCL 10 secretion increased, reaching significance for donor 3 while those of MCP-1 

and IL-8 decreased. Thus, overall there was a positive influence of Symprove on most 

markers of inflammation. 

 

Wound healing was assessed using a scratch wound assay. In this assay, a scratch is 

made in the T84 cell monolayer and the closing of the resulting wound is followed 
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visually. By exposing the wound to colonic media, the influence of fermentation-

derived metabolites on the rate and extent of wound healing can be quantified. 

Figure 6 shows images of the wound as created and after 24h exposure to complete 

medium (CM) or sodium butyrate (positive control). After 24h, the CM sample 

wound had reduced to 75% of its initial area while the positive control wound 

reduced to 45% of its initial area, indicating sodium butyrate acts positively to 

encourage wound healing.  

 

Figure 6 also shows the wound treated with colonic media (with and without 

Symprove) from donor 1 (percentages of wound healing for all donors are shown in 

Table 4). In all cases, treatment with Symprove increased wound healing compared 

with the control and correlated with the increased butyrate levels observed in each 

donor. Again, the results suggest that butyrate is the key factor that encourages 

wound closure and the positive results from dosing with probiotic arise from 

increased SCFA concentrations from stimulation of the commensal gut bacteria. 

 

4. Summary 

The effects of dosing the gut microbiotas of three patients with IBD with an oral 

probiotic suspension were assessed. Levels of Firmicutes were lowered in 2 donors 

and levels of Bacteroidetes were raised in all three donors, relative to data we 

recorded previously for healthy individuals. Dosing with probiotic changed bacterial 

diversity in the microbiotas over a 48 h period, suggesting that probiotic 

supplementation may be a viable option to help rebalance microbiotas in-vivo. 

Several other indicators of gut health improved when dosing with the probiotic; 
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production of short chain fatty acids (SCFAs) and lactate was stimulated, levels of 

anti-inflammatory cytokines (IL-6, IL-10) increased and levels of pro-inflammatory 

cytokines and chemokines (TNF, MCP-1 and IL-8) decreased. Tight junction integrity 

was improved in the presence of sterilized colonic fluid obtain after incubation with 

Symprove. The work suggests that supplementation of the diet of patients with IBD 

with a properly formulated probiotic may be a useful adjunct to standard treatment 

in clinic.  Three principal mechanisms are proposed; (i) redressing any dysbiosis of 

the microbiota by increasing levels of Firmicutes and lowering levels of 

Bacteroidetes, (ii) increasing SCFA production (particularly butyrate) and (iii) 

reducing the effects of inflammation on epithelial tight junction integrity. The small 

number of donors means results should be interpreted with caution and need 

replication, but combined with human and animal data they provide a compelling 

indication that probiotics may be a potential and cost-effective intervention in 

managing patients with UC. 
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Phyla Donor 1 Donor 2 Donor 3 

Verrucomicrobia 0.0 3.8 0.0 

Proteobacteria 0.2 0.7 2.2 

Firmicutes 85.9 52.9 68.1 

Bacteroidetes 13.1 6.5 19.6 

Actinobacteria 0.8 36.0 10.2 

 

Table 1: Composition (%) at the phyla level of the microbiotas of three donor 

samples from patients with UC before analysis. 
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Phyla Lumen Mucus 

Donor 1 Donor 2 Donor 3 Donor 1 Donor 2 Donor 3 

C P C P C P C P C P C P 

Firmicutes 35 50 41 39 45 45 48 58 38 48 21 35 

Proteobacteria 23 15 8 5 10 3 1 3 4 9 0 1 

Bacteroidetes 41 33 23 35 37 32 49 37 34 31 17 7 

Verrucomicrobia 0 0 26 14 0 0 0 0 11 10 0 0 

Actinobacteria 1 2 2 7 8 20 2 2 11 3 61 58 

 

Table 2: Composition (%) of the planktonic (lumen) and mucin-associated (mucus) 

microbiota at the phyla level of the three UC donors after 48 h in the M-SHIME® 

system (C, control; P, dosing with probiotic). 
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Sample TEER  n 

Donor 1 - control 67 ± 5 3 

Donor 1 - treatment 80 ± 8 3 

Donor 2 - control 70 ± 3 3 

Donor 2 - treatment 82 ± 7 3 

Donor 3 - control 69 ± 3 3 

Donor 3 - treatment 83 ± 5 3 

CM (control) 68 ± 1 8 

 

Table 3: Effect of colonic batch samples from patients with UC on the transepithelial 

electrical resistance of the Caco-2/THP1 co-cultures. TEER was measured 24 h after 

dosing with probiotic and each value was normalised to its corresponding initial 

value. 
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Sample Mean n Significance 

CM 75.2 ± 2.0 5  

Sodium butyrate 46.1 ± 2.0 7  

Donor 1 control 78.2 ± 3.9 2  

Donor 1 with Symprove 64.1 ± 1.9 3 ** 

Donor 2 control 80.3 ± 1.1 3  

Donor 2 with Symprove 59.4 ± 1.8 3 *** 

Donor 3 control 80.5 ± 3.1 3  

Donor 3 with Symprove 55.5 ± 2.9 3 **** 

 

Table 4: Wound area values after 24h following dosing with complete medium (CM), 

sodium butyrate and colonic samples from Donors 1 and 2 with and without dosing 

with probiotic. Each value is expressed as a percentage and was normalised to its 

corresponding initial value. (*) represents statistically significant differences for 

donor samples with and without Symprove; p<0.01 (**); p<0.001 (***); p<0.0001 

(****). 
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Figure 1. SCFA concentrations in the microbiotas of UC donors as a function of 

incubation time with probiotic (Symprove). Acetate (top left), propionate (top 

right), butyrate (bottom left) and lactate (bottom right). Data are shown as mean 

+/- standard deviation across all donors (3). 
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Figure 2. Protein metabolite concentrations in the microbiotas of UC donors as a 

function of incubation time with probiotic (Symprove). bCFA (top), and ammonium 

(bottom). Data are shown as mean +/- standard deviation across all donors (3). 
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Figure 3. Effect of sterilized colonic batch samples from patients with UC on the 

NF-B activity of THP1-BlueTM cells. The dotted line shows the value for the control 

(LPS+). (*) represents statistically significant differences between the control and 

probiotic-dosed samples; p<0.05 (*); p<0.001 (***). 
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Figure 4. Effect of sterilized colonic batch samples from patients with UC on 

secretion of anti-inflammatory cytokines IL-6 and IL-10. The dotted line shows the 

value for the control (LPS+). (****) represents statistically significant differences 

between the control and probiotic-dosed samples, p<0.0001. 
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Figure 5. Effect of sterilized colonic batch samples from patients with UC on 

secretion of inflammatory cytokines TNF, CXCL 10, IL-8 and MCP-1. The dotted 

line shows the value for the control (LPS+). (*) represents statistically significant 

differences between the control and probiotic-dosed samples; p<0.05 (*); p<0.01 

(**). 
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Figure 6. Images of the wound area of T84 cells at the start of treatment (0 h) and 

after incubation for 24 h treated with (A) complete medium, (B) sodium butyrate, 

(C) Donor 1 control and (D) Donor 1 dosed with Symprove. 
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