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Article 
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Abstract: Naturally fermented dairy products are an important component of the human diet. They 
are a valuable source of nutrients as well as vitamins and minerals. Their importance as a source of 
probiotic bacterial strains should not be overlooked. A number of studies highlights the positive 
effects of species of the Lactobacillacea on the intestinal microbiota, the overall homeostasis of the 
body, as well as a complementary treatment for some diseases. However, data on the effects on 
intestinal epithelial cells of postmetabolites released by bacteria are incomplete. This is likely due to 
the fact that these effects are species and strain specific. In the present study, we investigated the 
effects of postmetabolites produced by a pre-selected candidate probiotic strain Limosilactobacillus 
fermentum on HT-29 intestinal epithelial cells. Our data showed a pronounced proliferative effect, 
evaluated by flow cytometry, quantification of cell population, and determination of mitotic index. 
This was accompanied by stabilization of the cell monolayer, measured by increase of TEER (trans 
epithelial electric resistance) and reorganization of actin filaments. The data obtained are a clear 
indication of the positive effects, that the products secreted by L. fermentum strain 53 have on the 
intestinal epithelial cells. 
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1. Introduction 

Probiotic strains of bacteria have been the subject of active research in recent decades, although 
fermented foods, which are their main source, such as yogurt, various types of cheese, katuk, kefir, 
boza, sauerkraut, Korean kimchi, kombucha and many others have been used by humanity since 
ancient times. The first suggestion of the health benefits of probiotics dates back to the early 20th 
century, when Eli Metchnikoff attributed the long life of Bulgarian peasants to their consumption of 
fermented milk containing lactic acid bacteria (LAB) [1]. Most of the bacteria with probiotic potential 
are from the genera Lactobacillus, Bifidobacteria, Streptococcus, Propionibacteria, Leuconostoc and 
Enterococcus, however the characteristics and probiotic effects are species and even strain specific [1]. 

The main reason for modern humans to take probiotics is for restoration of normal gut 
microbiota after antibiotic treatment. In fact, probiotics have a wide range of applications, as they 
have a proven effect against severe, difficult-to-treat diseases such as cancer [2,3], diabetes [4,5], 
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obesity [6–8], as well as involvement in the metabolism of lipids and carbohydrates [9], and can even 
affect the central nervous system and brain activity [10]. 

Probiotic bacteria exert their positive effects through the postbiotics they release - these are 
bacterial metabolites or byproducts of bacterial metabolism. They do not contain live bacteria and are 
non-toxic and pathogenic. They mainly include bacteriocins, peptides, organic acids, acetaldehydes, 
alcohols, hydrogen peroxide and others, all of which have enormous potential in fighting pathogenic 
microorganisms and also in supporting epithelial cells in the body [10]. Postbiotics can be secreted 
by living bacteria or released into the medium after their lysis. They most often affect the body by 
binding to Toll-like signal transduction receptors (TLR) located on the surface of intestinal epithelial, 
dendritic and other cells associated with the immune response [11]. 

Much of the research on probiotics and postbiotics has focused on their action on the 
morphology of healthy enterocytes and influence on various pathological conditions of these cells. 
Some bacteria of the normal gut microbiota have been found to contain mitogens that stimulate DNA 
synthesis and epithelial cell proliferation [3]. The gut microbiota strengthens the intestinal epithelium 
and improves its barrier functions [12–14] by stabilizing tight junctions [15], changes in the 
cytoskeleton and redistribution of its proteins [16,17], while others cause disorders and inflammatory 
processes in these cells. For this, it is important to determine the exact mode of action of individual 
strains and select those that directly inhibit pathogenic microorganisms, or those that enrich and 
support the "good" bacteria in the natural microflora [18], or possess positive effects on epithelial 
cells. 

The aim of present study was to determine the postbiotic effects of pre-selected candidate 
probiotic strain Limosilactobacillus fermentum 53 (Lf53) on key characteristics of the HT-29 intestinal 
epithelial cell line. Our hypothesis is that the Lf 53 strain may possess a pronounced positive effect 
on intestinal epithelial cells under normal conditions. This will makes it a suitable candidate for 
application as a probiotic because it can support the healing of the intestinal mucosa in case of daily 
damage from food components. Therefore, we estimated proliferative effects, viability and mitotic 
effects of produced during the fermentation spent cultures, postmetabolites and their role and 
mechanism of stabilization of the epithelial cell monolayer. 

2. Materials and Methods 

2.1. Microorganisms, Culture Conditions and Preparation of Spent LAB Cultures (Postmetabolites)  

Limosilactobacillus fermentum strain 53 is a part of laboratory collection of “Stephan Angeloff” 
Institute of microbiology, Bulgarian Academy of Sciences. The strain was characterized as candidate-
probiotic with a broad spectrum of antagonistic activity [19]. The strain was stored at - 80oC in MRS 
broth (HiMedia, Mumbai, India), supplemented with 20% v/v glycerol. Prior to the assay L. fermentum 
53 was cultured twice in MRS broth for 24 h. The postmetabolites were obtained during the 24 h 
fermentation at 37oC in MRS broth inoculated with 10% v/v from overnight culture (in late 
exponential CFSs). The cells were harvested after centrifugation 10 min. at 6000 rpm (centrifuge 
Hermle, Germany) and the cells-free supernatants (CFS/postmetabolites) were collected. They were 
filtered with syringe filters (Millipore, 0,22 µm) and stored at -20oC. To simulate in vivo conditions, 
the CFSs were not neutralized. The protein content of postmetabolites from spent cultures in MRS 
broth was determined by the BCA Bradford method [20].  

2.2. Cell Cultures 

Human adenocarcinoma HT-29 cell line (ATCC® No. HTB-38™) was kindly provided by prof. 
Ivan Iliev, Bulgarian Academy of Sciences. Cells were grown in 25 cm2 ‘CELLSTAR®’ flasks (Corning, 
USA), at standard conditions in humidified atmosphere with 5% СО2, at 37 °C, in Dulbecco‘s 
modified eagle medium (DMEM, Sigma–Aldrich), supplemented with 10% fetal bovine serum (FBS, 
Sigma–Aldrich) and 1% (v/v) antibiotic– antimycotic solution (penicillin 100 U/mL, streptomycin 100 
μg/mL and amphotericin B 0.25 μg/mL, Sigma–Aldrich).  

Each of the experiments was performed in three variants:  
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1) Untreated cells, maintained in DMEM, serving as a control,  
2) An experimental group of cells cultured in the presence of L. fermentum 53 postmetabolites in 

MRS broth (spent LAB cultures in MRS broth/ CFSs), dissolved at different concentration in 
DMEM,  

3) Cells cultured in the presence of pure MRS broth, dissolved at different concentration in DMEM, 
in order to differentiate the effects of the products released by the bacteria from those of the MRS 
broth components. 

2.3. Morphological and Cell Viability Tests (Crystal Violet Staining) 

For determination of cellular viability and morphology, cells were seeded at 96 well plates 
(CELLSTAR®, Greiner Bio-One, Austria) 24 hours before treatment, at initial concentration of 1.104 
cells/well. Cells were then treated with collected bacterial postmetabolites or MRS broth, dissolved 
in DMEM, with protein content concentration ranging from 0.5 mg/mL to 2 mg/mL. The proportion 
of viable cells was determined by crystal violet staining. At 24 h post-treatment, cell monolayers were 
washed with phosphate-buffered saline (PBS) and fixed with 4% formaldehyde in PBS for 20 min. 
The plates were washed with distilled water and 1% crystal violet solution was added to each well 
for 20 min at room temperature. After washing, pictures of cell morphology were taken using an 
inverted microscope Leica DMi1 supplied with Leica MC170 camera. Cells were then water-washed, 
air-dried, and the protein-bound dye (which corresponds to the number of cells) was solubilized with 
10% acetic acid. The optical density of each sample was measured spectrophotometrically at λ = 570 
nm, using an Epoch Microplate spectrophotometer with Gen5 Data Analysis software. Values were 
calculated as a percentage of control cells (incubated under the same conditions in DMEM, without 
MRS or CFSs). 

2.4. Mitotic Index Determination  

Cells were subcultured in sterile 6-well Costar® plates (Corning, USA) at a concentration of 5.104 
cells/mL on pre-sterilized coverslips. In each of the plates, cells from one well served as a control 
(untreated cells, maintained in DMEM), in two of the wells the cells were treated with pure MRS 
dissolved in DMEM (at protein concentrations of 0.5 mg/mL and 1 mg/mL), and in two others, MRS 
containing bacterial postmetabolites/CFSs (dissolved in DMEM, at concentrations of 0.5 mg/mL and 
1 mg/mL protein) was added to the cells. Every 24 h for 6 days, slides from each well in according 
plates were fixed with 70% ethanol for 20 min, then stained with Giemsa solution for 5 min, washed 
repeatedly with dH2O, air-dried for at least 24 hours, and mounted on glass slides by Gel MountTM 
(Sigma, USA). Determination of the mitotic index was done by counting at least 1000 cells per slide, 
at randomly selected locations, using an inverted microscope (Leica DMi1). The mitotic index (MI) 
was calculated according to the formula:  

MI=NM/NT x 100,  where 
NM is the number of cells in mitosis and  
NT is the total number of cells counted.  
The results obtained is presented in percentage [21]. 

2.5. Assessment of Transepithelial Electrical Resistance (TEER) 

The HT-29 cells were subcultured in sterile 6-well Corning® Transwell® plates (USA) at a 
concentration of 1.105 cells/mL. Post-bacterial metabolites or MRS broth was added only to the upper 
compartment of the well, i.e. from the apical part of the cells in a concentration of 0.5 mg/mL protein 
content. In this way, an attempt was made to simulate the conditions in vivo, in which the gut 
microbiota, respectively their postmetabolites are in the lumen of the intestine, from the apical part 
of the cells. Every 24 hours, immediately before the measurement, the culture medium was replaced 
with the corresponding one. A transepithelial resistance voltmeter EVOM2 (World Precision 
Instruments, Inc.) was used to measure cell monolayer resistance. One electrode was placed over the 
semipermeable membrane with the monolayer of cells and the other in the well with the medium. 
The measurement was carried out on every 24 hours for 10 days. TEER values measured on the first 
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day of cultivation were taken as 0, and values measured on subsequent days were recalculated 
relative to it. 

2.6. FACS Analysis of Cell Cycle 

Possible changes in cell cycle phases induced by bacterial postmetabolites were investigated by 
FACS analysis. Cells were cultured in a 6-well sterile Costar® plates (Corning, USA) at an initial 
concentration of 5.104 cells/mL, under standard conditions for 24 h before treatment. Two of the wells 
were then treated with MRS broth in DMEM (0.5 mg/mL protein content), another two with MRS 
containing postmetabolites from L. fermentum 53 (0.5 mg/mL) and the remaining two wells served as 
control. 48 h after treatment, one well of each variant was incubated for 4 h with colcemid (0.1 μg/mL) 
to block the cell cycle. Cell labeling was done with Guava® Cell Cycle Reagent (CYTEKBioscience, 
USA) according to the manufacturer's instructions, namely: After the incubation period, the cells 
were centrifuged for 5 min at 450g to remove the culture medium and washed with sterile PBS, by 
centrifugation for 5 min at 450g. After removing the supernatant, the cells in the remaining PBS were 
dropped into ice-cold 70% ethanol while vortexing for fixation. Fixed cells were stained with cell 
cycle reagent (Guava® Cell Cycle Reagent). A Guava® easyCyte™ Flow Cytometer (Luminex, 
Belgium) was used for reading. 

2.7. Actin Filaments Visualization 

Twenty four hours before treatment, HT-29 cells were seeded in a 6-well Costar® plates 
(Corning) on sterile coverslips, at two different starting concentrations - 5.104 cells/mL and 1.105 
cells/mL. This was followed by treatment with pure MRS dissolved in DMEM or MRS with Lf 53 
postbiotics at a concentration of 0.5 mg/mL. In control wells, the medium was replaced with fresh 
one. After 48 h treatment, medium from all wells was removed, cells were washed with PBS (pH 7.4), 
permeabilized by 0.5% Triton X-100 for 5 min, washing with 1 x PBS and blocking with 1% BSA for 
30 min. For staining, cells were incubated with 100 nM TRITC 
(tetramethylrhodamineisothiocyanate)-phalloidin (Sigma-Aldrich) for 1 h in the dark at room 
temperature, washed with PBS, then cell nuclei were stained with 100 nM DAPI (DeltaVision Ultra™, 
GE Healthcare), for 5 min., again in the dark. Both dyes were dissolved in PBS. After staining, the 
slides were washed with dH2O and mounted on glass slides using Gel MountTM (Sigma, USA). Cells 
were visualized using a fluorescence microscope (Nikon TiU). 

2.8. Statistical Analysis  

All experiments were repeated three times (n = 3). Results reported in the text are expressed as 
means and standard deviation (± SD).  

3. Results 

3.1. Positive Effect of L. fermentum 53 Postmetabolites on the Growth Characteristics of HT-29 Cells  

A model miroplaste system with subconfluent monolayer of eukaryotic cells was used to 
evaluate whether microbial postmetabolites, have an effect on HT-29 cell growth. The cells were 
treated with different concentrations of postmetabolites released during the LAB fermentation in 
MRS broth and added to DMEM medium. In order to repeat the experimental conditions and 
adequately evaluate the results, dilutions were made relative to the protein content of MRS or of MRS 
with postmetabolites (CFSs). Cristal violet staining clearly indicated that postmetabolites released in 
the culture medium have a positive influence on the survival of HT-29 cells (Figure 1). At all dilutions 
tested, cell count was greater than that of control cells cultured in pure DMEM medium. This effect 
was in concentration-dependent manner, and most noticeable at low treatment concentrations, and 
as the concentration of bacterial postmetabolites increased, the positive effect decreased. At the 
concentrations we tested, cell proportion ranged from 148 % (for 0.25 mg/mL) to 120 % (for 1.5 
mg/mL) compared to the control, with the data being statistically significant. Only at the highest 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 April 2024                   doi:10.20944/preprints202404.0048.v1



 5 

 

concentration tested, 2 mg/mL protein content, amount of cells was very slightly reduced as 
compared to control (93%), but these data were not statisticaly significant.  

 

Figure 1. Evaluation of the effect of postmetabolites released from L. fermentum (Lf 53) and MRS 
broth on the growth characteristics of HT-29 cells. Amount of cells cultured in pure DMEM medium 
(control cells) was considered as 100%. 

To ensure that the observed positive effect was due solely to the released bacterial 
postmetabolites and not to MRS broth components, the effect of the latter on the survival of HT-29 
cells was also tested. We found a dose-dependent positive effect that decreased with increasing of 
tested concentrations. Although the observed effect resembled that of medium containing bacterial 
postmetabolites, differences with the same concentrations containing bacterial postmetabolites were 
statistically significant. Therefore, we believe that the observed positive effect on cell growth and 
proliferation is at least due to substances released by L. fermentum 53 into the culture medium.  

3.2. TEER 

Changes in the closure rate and stability of the HT-29 cell monolayer were monitored by changes 
in transepithelial electrical resistance (Figure 2). During the first three days, low, constant values of 
trans-epithelial resistance were observed in control cells, maintened in DMEM, corresponding to 
absence of proper monolayer. A gradual increase in values followed, with a maximum on the sixth-
seventh day and values of about 30 ohms, corresponding to the closing of the intercellular space and 
the formation of a proper and tight monolayer. In cells cultured in the presence of 0.5 mg/mL protein 
content MRS broth formation of the dense monolayer was slower, with low, constant TEER values 
observed during the first four days. These were followed on day 5-6 by a sharp increase in values 
above those of control cells, up to 36-37 ohms. This peak, in addition to being characterized by higher 
values, preceded by about 24 hours the peak observed in control cells. 
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Figure 2. Changes in the trans-epithelial electrical resistance (TEER) of HT-29 cells’ monolayer for the 
period of 9 days. Red line – control cells, grown in DMEM (no MRS, or LAB spent MRS added), blue 
– cells grown in DMEM, supplemented with sterile MRS broth (0.5 mg/mL protein content), grey – 
cells grown in DMEM, supplemented with CFS from LAB cultures in MRS broth (0.5 mg/mL protein 
content). 

In cells cultured in the presence of bacterial postmetabolites, the change in transepithelial 
resistance by day 4 followed that of cells cultured in DMEM suplemented with sterile MRS broth. 
This was followed by a sharp rise in values within 48 hours. The TEER peak was measured on day 6. 
The values of 45 ohms exceeded those measured in control cells and cells cultured in presence of MRS 
broth. After this peak, there was a reduction in values at day 7-9 of cultivation to 25-30 ohms, but 
they still remained higher than the maximum values determined for the other variants of the 
experiment, which is an indication of stabilization of the monolayer. 

These data are indicative of a stabilizing effect of postmetabolites released from L. fermentum 
53 on the cell monolayer. Probably, components produced by the bacterial cells and secreted in the 
culture medium lead to the formation of a more resistant layer of enterocytes, exhibiting better barrier 
functions. 

3.3. In Vitro Effects of L. fermentum Postmetabolites on Cellular Morphology and Organization of Actin 
Cytoskeleton of HT-29 Cells 

Мajor changes in cell morphology after treatment with both pure MRS broth and medium 
containing bacterial postmetabolites/CFSs were not observed (Figure 3). Cells from the HT-29 line 
have an epithelium-like morphology, growing as clusters of cells in which different contacts are 
established between the cells (https://www.atcc.org/products/htb-38). These morphological features 
were preserved in cells grown in the presence of MRS broth and MRS broth with bacterial 
postmetabolites at concentration of 0,5mg/mL and 1 mg/mL protein content. Consistent with the data 
for a positive effect of low concentrations of postmetabolites on cell survival, we also observed more 
clusters containing higher numbers of cells when cells were treated with 0.5 mg/mL CFSs. 
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Figure 3. Effect of L. fermentum Lf53 post-metabolites on cellular morphology. А. - control, B to F – 
cells, cultivated in the presence of MRS broth, G to L – cells cultivated in the presence of spent LAB 
cultures in MRS broth (protein amount, in mg/mL is indicated on pictures). Magnification 20x. Figure 
3. Morphology of HT-29 cells, grown in the presence of MRS or CFS. (a) control cells; (b) to (f) – cells 
cultured in presence of MRS broth; (g) to (l) – cells cultured in the presence of bacterial 
postmetabolites/CFS; Protein concentrations of MRS/CFS, added to the DMEM, in mg/mL, are 
indicated on the pictures, magnification 40x. 

In control cells, we observed actin filaments organized in the form of clearly visible stress-fibrils 
ending at the cell periphery. Around the nuclei of the cells, the actin network was looser, and 
thickenings were observed in places at the periphery, probably corresponding to cell-to-cell contacts 
(Figure 4, upper row). Bacterial postmetabolites visibly affected the distribution of actin filaments 
(Figure 4, lower row). Much less stress fibrils were observed, actin filaments were much more 
compacted, mainly located under the cellular membrane. This indicates a much greater number of 
cell-to-cell contacts and cellular polarization. This is in accordance with the observations obtained 
from the previous experiments, namely that the bacterial postmetabolites from L. fermentum succeed 
to a large extent in stabilizing the monolayer of intestinal epithelial cells and improving their barrier 
function. In cells culturee in the presence of pure MRS medium, slight effect on the actin cytoskeleton 
was observed (Figure 4, middle row). Actin filaments were clearly visible, but more compacted. This 
indicates the presence of a greater number of cellular contacts and possible stabilization of the 
monolayer. No changes in the nucleus were observed in any of the studied groups. 
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Figure 4. Fluorescent staining of actin filaments in HT-29 cells. Upper row – control cells, maintained 
in DMEM; middle row – cells cultured for 48 h in the presence of MRS, 0.5 mg/mL protein content in 
DMEM, lower row – cells cultured for 48 h in the presence of CFS 0.5 mg/mL protein content. Left to 
right – bottom to top of the cells. Magnification 40x. 

3.4. Effects of L. fermentum Postmetabolites on Cell Cycle of HT-29 Cells 

Effects of bacterial postmetabolites on the actin cytoskeleton and morphology of HT-29 cells 
were minimal and were not sufficient to explain monolayer stabilization detected by TEER 
measurment. Therefore, we asked whether the observed effect was not due to changes in the growth 
characteristics of the cells, namely, changes in the rate of cell division and/or in the distribution of 
cells in the phases of the cell cycle. 

We monitored for a period of 6 days after subculturing the changes in the mitotic index of cells 
cultured in the constant presence of bacterial postmetabolites (Figure 5). The effect of two 
concentrations determined relative to the protein content of the sample, namely 0.5 mg/mL and 1 
mg/mL, was evaluated. By the 48th hour of cultivation, the highest mitotic index (MI) values were 
found for the control cells, while the values for the cells cultured in MRS broth and bacterial 
postmetabolites were lower than the control, but comparable to each other. This may be attributed to 
the adaptation of enterocytes to the unusual for them components added to the medium. From the 
72nd hour of cultivation, throughout the period studied, the proportion of dividing cells when 
cultured in medium containing bacterial postmetabolites was higher compared to cells cultured in 
the presence of MRS broth as well as in standart cultural medium. We found that throughout the 
investigated period, the presence of MRS broth in the culture medium of eukaryotic cells had a slight 
inhibitory effect on cell division, which was expressed in a permanently lower MI, compared to 
control cells. This data are clear indication of the cell division-promoting effect exerted by bacterial 
postmetabolites released from L. fermentum 53. Once again, we observed a better effect at the lower 
treatment concentration of 0.5 mg/mL. 
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Figure 5. Changes in the mitotic index of HT-29 cells determined for the 6-days period. Control – cells, 
cultured in DMEM without MRS or LAB postmetabolites added. Experimental groups – cells, 
maintained for 6 days in DMEM, supplemented with MRS or LAB postmetabolites in DMEM (0,5 
mg/mL or 1 mg/mL protein content). 

In an attempt to refine the mitosis-promoting action of bacterial postmetabolites, we followed 
their influence on the cell cycle of cultured cells by flow cytometry. We used only one concentration 
of 0.5 mg/mL, which in previous experiments showed a more pronounced effect.  

We observed a clear redistribution of cells in the distinct stages of the cell cycle (Figure 6). We 
found that culturing the cells in the presence of MRS broth and bacterial postmetabolites led to a 
reduction in the proportion of polyploid cells and cell aggregates, decreasing from 18.8% in control 
cells to 12.1% in both types of treated cells. In parallel, a decrease in tetraploid cells corresponding to 
the G2/M period was observed. This distribution is at the expense of an increase in the relative share 
of diploid cells that are at rest or have not yet activated the processes of replication and preparation 
for division. If the data are recalculated, disregarding polyploid cells and cell aggregates, it is found 
that culturing the cells in the presence of MRS broth and CFSs increases the proportion of diploid 
cells (located in G0/G1). While in control cells they constituted about 45% of the cell population, their 
portion increased to over 50% under the remaining culture conditions (reaching 55.64 % of cells 
grown in the presence of MRS brot and 52.35% of those cultured in the presence of bacterial 
postmetabolites). A slight increase, within about 1% - 1.5% of the proportion of cells in replication, 
was also observed as a result of the treatment compared to the controls. Given the fact that these are 
data obtained at the 48th hour of culturing, they support our observations obtained in the 
determination of the mitotic index. Namely, that at this point in the culture the proportion of dividing 
cells is highest in the control. The high percentage of cells cultured in the presence of bacterial 
postmetabolites that are in the S-period is also consistent with these data and correlates with the 
higher percentage of dividing cells found at a later stage. In addition, this is a likely indication of the 
presence of substances stimulating cell division (mitogens) released by L. fermentum 53. 
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Figure 6. FACS analysis of cell cycle of HT-29 cells. (a) control cells, maintained in DMEM, (b) cells, 
cultured for 48 h in DMEM supplemented with MRS, 0.5 mg/mL protein content, (c) cells, cultured 
for 48 h in DMEM supplemented with CFS 0.5 mg/mL. (d) Distribution of cells into the different 
phases of the cell cycle, according to the DNA amount. (e) redistribution of cells into the different 
phases of cell cycle, excluding polyploid cells and clusters. 

4. Discussion 

The positive effects of lactobacilli on the cells of the intestinal epithelium have been known for a 
while, but they are still the subject of intensive research due to the not fully understood mechanisms 
of their action. A challenge is also the fact that the postmetabolites they release, and correspondingly 
the effects they exert, are species- and in some cases strain-specific. In the present study, we aimed to 
follow the effects of postmetabolites released in the culture medium by pre-selected candidate 
probiotic strain Limosilactobacillus fermentum 53 on the proliferative capacities and barrier functions 
of cultured human epithelial cells of the HT-29 line. Our results showed a proliferation-stimulating 
effect of bacterial postmetabolites on intestinal epithelial cells. This effect was not unexpected, as 
evidences on similar effects of other members of the genus Lactobacillus are available in the literature. 
Degradation of carbohydrates and proteins by fermentative bacteria has been shown to produce 
short-chain fatty acids that stimulate cell proliferation in the intestinal crypts [22]. However, the 
question still remains whether these mitogens are different for different strains of bacteria and how 
they affect DNA synthesis and the proliferative abilities of the cell. It was found that postbiotic p75 
isolated from Lactobacillus rhamnosus GG regulates the expression of a number of genes involved in 
cell proliferation, development and apoptosis in HT 29 cells. It decreases the expression of pro-
apoptotic and anti-proliferative genes and increases the expression of anti-apoptotic and pro-
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proliferative genes. It also activates Akt, which is part of the EGFR (epidermal growth factor receptor) 
signaling pathway. Thus, p75 contributes to cell proliferation by activating EGFR, by stimulating the 
genes for its ligands [23]. Another mechanism of influence on the proliferation of intestinal epithelial 
cells has been demonstrated for the strain Lactobacillus reuteri D8. It has been found to stimulate the 
proliferation of intestinal epithelial cells under normal conditions and to participate in the repair of 
damaged epithelium under pathological conditions by increasing the expression levels of c-Myc, 
cyclins and Ki67 and participating in the activation of the Wnt/β-catenin pathway by increasing the 
expression of Wnt3, Lrp5 and β-catenin. These are one of the main molecules involved in both the 
stimulation of proliferation and the repair of damaged cells. This strain has also been shown to reduce 
the percentage of apoptotic cells and possibly contribute to decreased levels of TNF secretion [24]. 

Depending on the environmental conditions and the state of the cells, certain factors can 
stimulate both proliferation and cell quiescence or programmed cell death. Many of the key 
components leading to significant cell fate decisions are common to these signaling pathways, and 
the decision of subsequent events depends on the balance of signals [25]. In our experiments, the 
proportion of cells in the G1 period was significantly increased in the samples with the bacterial 
medium containing peptides and various postmetabolites. This retention of adenocarcinoma cells in 
a pre-synthetic period is advantageous because it would provide an opportunity to restore the 
euploid cell population by suppressing the division of aneuploid cells. A similar possibility was 
reported by other authors, who studied the influence of different probiotics on cervical or intestinal 
epithelium [26,27]. Like us, other authors have found an increase in the proportion of cells in the 
G0/G1 period of the cell cycle. Vielfort et al. reported cell cycle arrest and increased cells in G1 
accompanied by up-regulation of p21 [28]. In contrast, we found not only an increase in cells in 
G0/G1, but also of those undergoing replication. In our opinion, this could be an indication of 
checkpoint activation and induction of programmed cell death in a small cell population (about 2 %). 

The intestinal epithelium is one of the main barriers between the body and the environment. The 
microvilli, mucosal layer, and glycocalyx prevent direct contact of macromolecules in the intestinal 
lumen with the apical surface of the epithelium, and tight junctions limit the paracellular transport 
of small molecules. However, this is not a passive barrier. Tight junctions are dynamic structures 
influenced by gut microflora and molecules secreted by “good” probiotic bacteria [12]. These secreted 
molecules exert their effects on tight junctions through a number of biochemical metabolic pathways, 
including the protein kinase C and MAP kinase pathways, and thereby alter the expression of tight 
junction proteins, including occludin, ZO-1, ZO-2, and claudins 1, 2, 3 and 4 [29,30]. The structure 
and strength of tight junctions determine the integrity of the intestinal epithelial monolayer. The main 
method for determining violations in its integrity is the measurement of transepithelial resistance. 
Our results showed strengthening of the monolayer of cultured intestinal epithelial cells in the 
presence of postmetabolites of Lf 53, which is consistent with data from other groups. Lactobacillus 
plantarum MF1298 and Ligilactobacillus salivarius DC5 strains, which have probiotic potential, have 
been shown to improve epithelial barrier function by increasing the transepithelial resistance of the 
Caco-2 cell monolayer. The effect was dose- and time-dependent, and this was associated with 
increased expression of the ZO-1 protein [13]. In addition, Lactobacillus casei was found to restore TER 
values, cell monolayer permeability, and ZO-1 expression caused by stimulation of Caco-2 cells with 
TNF-α and IFN-γ. It also stimulates the expression of TLR-2 (Toll-like receptor 2) and p-Akt, which 
in turn help maintain the integrity of tight junctions in intestinal epithelial cells [14,31]. 

Like other types of probiotic bacteria, Limosilactobacillus fermentum 53 could also protect and help 
restore the intestinal epithelial barrier. It has been shown that the combination of Lactobacillus 
fermentum L930BB and Bifidobacterium animalis subsp. animalis IM386, isolated from human intestinal 
mucosa, triggers specific signaling pathways that lead to actin reorganization and increased cell 
proliferative potential, thereby helping to maintain the integrity of the intestinal epithelial barrier. 
These bacteria were found to increase the expression of TLR2 and some growth factors, thereby 
triggering various signaling cascades in the cell, including PI3K/Akt and MAPK pathways. The exact 
way the cascades are triggered has not been established, but it is clear that the combination of the two 
probiotic strains has application as a potential treatment for chronic inflammatory bowel disease [32]  
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At least part of the effects we observed on the intestinal epithelial cells could possibly be ascribed 
to the indole released by lactobacilli. It is secreted by tryptophan-processing probiotic bacteria and 
serves as a signaling molecule for symbionts in the natural microflora of the gastrointestinal tract. 
Indole also inhibits the attachment of pathogenic microorganisms to epithelial cells by increasing the 
expression of genes for the construction of the actin cytoskeleton, for the formation of intercellular 
contacts and for the secretion of mucin [33]. 

5. Conclusions 

Our data on the effects of postmetabolites secreted by L. fermentum 53 complement those 
available in the literature regarding their influence on the proliferative characteristics and barrier 
functions of HT-29 cells. We found stimulation of cell division accompanied by an increase in cell 
population. This, together with the positive effect on transepithelial resistance, is an indication of the 
strengthening and stabilization of the cell monolayer, a mandatory condition for the correct 
performance of barrier functions by enterocytes. Future studies will reveal which of the components 
secreted by lactobacilli are responsible for the observed effects, and the exact cellular and molecular 
mechanisms underlying them. 
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