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Abstract 
The current study aimed to investigate the effect of a multi-species probiotic (MSP) on 
cytokine production by human peripheral blood mononuclear cells (PBMCs) and their 
immune dialogue with HT-29 colon cancer cells. PBMCs were incubated with MSP and their 
effect on cell proliferation and TNFα, IL-1β, IL-2, IL-6, IFNγ, IL-10, and IL-1ra production was 
evaluated. The impact of MSP on the cytokine production by PBMC stimulated by HT-29 cells 
was detected. Not-stimulated PBMC incubated with MSP showed increased production of 
TNFα, IL-1β, IL-6, and IL-10, but no change in IL-6, IFNγ, and IL-1ra. The stimulatory effect of 
MSP on lipopolysaccharide (LPS)-promoted PBMC was less pronounced for TNFα, IL-1β, and 
IFNγ, and the IL-6 production was decreased; phorbol 12-myristate 13- acetate (PMA)-
induced IL-2 and IFNγ secretion was inhibited. The addition of MSP to co-cultures of PBMC 
and HT-29 cancer cells caused a remarkable increase in TNFα and IL-1β secretion, with no 
change in remaining cytokines. The multi-species probiotics modulated cytokine production 
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by PBMC and affected the cross-talk between PBMC and HT-29 cancer cells. We conclude 
that probiotics may serve as supplements to the therapeutic strategies applied for the 
treatment of chronic inflammatory and malignant diseases, especially colorectal cancers. 
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1. Introduction 

The intestinal microflora, also called microbiota, settles in the gut immediately after birth and 
participates in different physiological functions linked to human health maintenance [1]. 
Alteration of microbiota constituents and activities leads to dysbiosis (dysbacteriosis) expressed by 
an increase in the number of pathogenic bacteria and fungi that modify the gut’s immune function 
and trigger several complications, such as a heightened risk for the development of inflammatory 
bowel disease (IBD), ulcerative colitis (UC), Crohn’s disease (CD), and colorectal cancer (CRC) [2-4]. 
The roles of various probiotic microorganisms in the normal function of the systems and their 
effect on the host immune response have been discussed in several reviews [5-8]. It has been 
shown that certain “live microorganisms”, mainly from the Lactobacillus and Bifidobacterium 
strains, designated as probiotics, act as benefactors of human health since, in addition to their 
positive effect on gastrointestinal tract diseases, they express a therapeutic potential in other 
systems affected by dysbiosis. Treatment with probiotics may moderate the side effects in 
patients during stem cell transplantation [9]; alleviate symptoms of atopic dermatitis and psoriasis 
[10]; and rapidly improve the apical periodontitis [11]. The presence of a significant number of 
microorganisms in the digestive tract results in a continuous immune relationship between 
microbiota and the host [12-14]. The human gut has about 100 trillion microbiota of about 1000 
different types. Mounting evidence has shown that the anti-inflammatory effect of the probiotics 
is linked to their capacities to promote macrophages for cytokine production [15]. These findings 
prompted researchers to investigate the therapeutic properties of probiotics on several disorders, 
particularly on chemotherapy-induced intestinal mucositis. It was found that mice with 5-
fluorouracil (5-FU) induced mucositis and diarrhea showed increased expressions of TNFα and IL-
1β but decreased IL-10 concentrations [16], while treatment with Lactobacillus casei Lactobacillus 
acidophilus and Bifidobacterium bifidum alleviated diarrhea accompanied by remarkable 
suppression of tumor necrosis factor(TNF)-α, IL-1β, interferon-gamma(IFNγ), IL-6, IL-4, IL-10, and 
IL-17 production [17]. Similar observations have been reported in previous studies using various 
probiotics [18, 19]. The capacity of probiotics in general, and that of the Lactobacillus and 
Bifidobacteria strains, in particular, to increase the number of friendly/good bacteria and suppress 
intestinal inflammation by regulation of inflammatory cytokine secretion has been suggested as an 
adjuvant therapeutic modality against CRC [20]. Timmerman et al. [21] categorized probiotics into 
two groups: monostrains (i.e., containing one strain) of certain microorganisms, and multistrain 
(containing more than one strain) of the same microorganisms. Probiotics containing various types 
of microorganisms are designated as multispecies probiotics (MSP). Although probiotics may be 
applied as monostrains, it can be hypothesized that multi-strain and multi-species probiotics with 
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different activities would be more advantageous than a single one. Wang et al. [22] noticed better 
results in mice with colitis treated with a combination of four microbial strains compared with 
those who received individual strains. Hart et al. [23] reported increased IL-10 production and 
decreased IFNγ expression by dendritic cells following the effect of a probiotic mixture of eight 
probiotic strains. Our findings showed consistency with those in a previous study that documented 
a probiotic composed of six microorganisms exerted a noticeable stimulation of cytokine secretion 
by human PBMC [24]. The current study aimed at examining the immunomodulatory effect of a 
multi-species probiotic (MSP) containing eight microorganisms on cytokine production by human 
PBMC. Also, the effects of the probiotics on the immune cross-talk between immune cells and 
those from a human HT-29 colon cancer lines were assessed. 

2. Materials and Methods 

The probiotic Jarro Dophilus (Jarro Dophilus, Altman Health G.P. Or Yehuda, Israel),  used in the 
study, is a commercial compound/preparation containing a mixture of eight complementary 
microbial species (MSP): Lactobacillus rhamnosus RO-11 (17.6%), Lactobacillus casei RO-215 
(13.6%), Lactobacillus Plantarum RO-1012 (6.8%), Lactobacillus helveticus (acidophilus) RO-52 
(17.6%), Bacillus longum BB536 (13.6%), Bacillus breve RO-70 (6.8%), Pediococus acidilactici RO-
1001 (17.4%) and Lactococcus lactis RO-1058 (6.6%). The probiotic was obtained as a lyophilized 
mixture containing a total of 8.27x106 bacteria/mg. MSP was added to peripheral blood 
mononuclear cells (PBMC) at the following ratios: 2.5:1, 5:1, and 10:1. 

2.1 Cell Preparation 

PBMCs were obtained from adult donors’ venous blood after signing an informed consent form 
and agreement to use components of their blood not required for therapeutic purposes for 
research. The cells were separated by Lymphoprep-1077 (Axis-Shield PoC AS, Oslo, Norway) 
gradient centrifugation, washed twice in phosphate-buffered saline (PBS), and suspended in RPMI-
1640 medium (Biological Industries, Beith Haemek, Israel) containing 10% heat-inactivated fetal 
bovine serum (FBS), and designated as complete medium (CM). 

2.2 Colon Cancer Cell Line 

HT-29 human colon cancer cell line was obtained from American Type Cultural Collection 
(Rockville, MD, USA). The cells were maintained in CM containing McCoy's 5A medium (Biological 
Industries Co, Beth-Haemek, Israel), supplemented with 10% FBS, 2 mM L-glutamine, and 
antibiotics (penicillin, streptomycin, and nystatin (Biological Industries, Kibbutz, Beit-Haemek, 
25115, Israel). The cells were grown in T-75 culture flasks at 37 oC in a humidified atmosphere 
containing 5% CO2. The viability of both PBMC and HT-19 cells was over 95%. HT-29 cells were 
cultivated separately and were mixed with PBMC before commencing suitable experiments. 

2.3 Effect of MSP on Cytokine Production 

PBMC (4x106/mL of CM), 0.5 mL was incubated with an equal volume of CM without or with 40 
ng/mL lipopolysaccharide (LPS, Escherichia coli, Sigma-Aldrich) or with 1 µg/mL of phorbol 12-
myristate 13-acetate(PMA) and 0.5 µg/mL of ionomycin (Sigma Aldrich, Israel) or with 0.5 mL of 
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HT-29 colon cancer cells (4x105/mL of CM) suspended in appropriate CM. MSP was added at the 
onset of cultures at a volume of 10 µL/mL. The ratio between MSP and PBMC was 2.5:1, 5:1, and 
10:1. Control cultures contained only CM. The cultures were incubated for 24 h at 37 °C in a 
humidified atmosphere containing 5% CO2. At the end of the incubation period, the cells were 

removed by centrifugation at 250 g for 10 min; the supernatants were collected and kept at –70 °C 
until assayed for cytokines content.  

2.4 Effect of MSP on Cell Proliferation 

The effect of MSP on PBMC and HT-29 cell proliferation was examined separately by applying 
XTT proliferation assay kit (Biological Industries, Beith Haemek, Israel). Overall, 0.1 mL aliquots of 
PBMC or HT-29 cells obtained after trypsinization and suspended at 105/mL in the appropriate CM 
were added to each well plate (N = 96) and incubated for 24 h in the absence or presence of MSP 
added at the onset of cultures at concentrations as indicated. At the end of the incubation period, 
the cells were stained according to the manufacturer’s instructions. The plates were incubated for 
3 h at 37 oC in a humidified incubator containing 5% CO2, and the absorbance was measured at 
450 nM using an ELISA reader.  

2.5 Cytokine Content in the Supernatants 

The concentrations of some cytokines (TNFα, IL-1β, IL-6, IFNγ, IL-10, IL-1ra, and IL-2) in the 
supernatants were measured using ELISA kits (Biosource International, Camarillo, CA, USA) specific 
for these cytokines as detailed in the manufacturer’s guidelines. On the day of ELISA assay, 
supernatant samples were thawed and aliquots were added into ELISA plates in duplicate. The 
detection levels of these kits were: 15 pg/mL for IL-6 and 30 pg/mL for the remaining cytokines. 

2.6 Statistical Analysis 

A linear mixed model with repeated measures ANOVA and the assumption of compound 
symmetry (CS) was used to assess the effects of MSP to PBMC ratios and cell lines on cytokine 
levels. The Base Statistical Analysis System(SAS) and SAS/STAT version 9.4 for Windows PC were 
used for this analysis. A paired t-test was used to compare the levels of cytokine produced with 
various concentrations of MSP and those found in control cultures (incubated without MSP). 
Probability values of p<0.05 were considered significant. The results are expressed as mean ±SEM.  

3. Results 

No detectable levels of any of the cytokines tested could be found in supernatants that were 
collected from MSP incubated for 24 h at given concentrations of 0.5x108/mL, 1x 108/mL, or 
2x108/mL.  

3.1 Effect of MSP on Cell Proliferation (Figure 1) 

PBMC and HT-29 cell lines incubated for 24 h with MSP at the aforementioned ratios of 
MSP:PBMC or MSP/HT-29 showed inhibited proliferation. At PBMC ratio of 2.5:1, 5:1 and 10:1, the 
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proliferation of PBMC decreased by 15%, (p = 0.06) 39% (p<0.001) and 76% (p<0.001), whereas 
that of HT-29 was lowered by 49% (p<0.05) at 10:1 ratio only. 

 

Figure 1 Effect of MSP on cell proliferation. PBMC or HT-29 cell lines were incubated 
for 24 h at 37 °C in a humidified incubator containing 5% CO2 in the absence (0, shown 
by black lines in the illustration) or presence of MSP added at the onset of cultures at 
MSP: PBMC or MS: HT-29 ratios as indicated. The proliferation rate was examined 
applying XTT assay as described in the Materials and Methods section. At the end of 
the incubation period the cells were stained according to the manufacturer’s 
instructions; absorbance was measured at 450 nm using an ELISA reader. Each column 
represents the mean of 6 experiments. Bars represent SEM. Asterisks represent 
statistically significant difference from cells incubated without MSP (0) (*p<0.05; 
***p<0.001).  

3.2 Effect of MSP on Cytokine Secretion by HT-29 Cells 

Twenty-four-hour of incubation of HT-29 cells with or without MSP at the concentrations 
applied did not reveal detectable amounts of any cytokine in the supernatants. 

3.3 Effect of MSP on Pro-inflammatory Cytokine Secretion 

3.3.1 Not-stimulated PBMC (Figure 2) 

Incubation of non-stimulated PBMC with MSP revealed an abundantly increased production of 
TNFα, IL-1β (p<0.001), and IL-6 (p<0.005). At 2.5:1 MSP to PBMC ratio the secretion of TNFα, IL-1β, 
and IL-6 was enhanced by 6.8, 13.7, and 3.2 times compared to PBMC incubated without MSP 
(p<0.001). At higher ratios of bacteria to PBMC, the increased production of cytokines was similar. 
The secretion of IFNγ was not affected (p = 0.47). 
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Figure 2 Effects of MSP on pro-inflammatory cytokine production (TNFα, IL-1β, IL-6, 
INFy) by non-stimulated PBMC. Not-stimulated PBMC were incubated for 24 h without 
(0) or with MSP at ratios (2.5:1- 10:1) as depicted. The concentration of the cytokines 
in the supernatant collected following the incubation period was determined using 
ELISA kits. Each column represents the mean results of four different samples. Bars 
represent SEM. * represents statistically significant difference from PBMC incubated 
without MSP (0) (**p<0.01; ***p<0.001).  

3.3.2 Lipopolysaccharides (LPS)-induced Cytokine Production (Figure 3) 

The production of TNFα, IL-1β, and IFNγ by LPS-stimulated PBMC showed a notable increase 
following the incubation with MSP (p<0.01, p<0.005, and p<0.02, respectively), whereas relative 
production of IL-6 was significantly reduced (p<0.001). At MSP to PBMC ratio of 2.5:1, the 
production of TNFα, IL-1β, and IFNγ was stimulated by 53%, 25%, and 11%, respectively (p = 0.02, 
p = 0.023, and p = 0.005, respectively). Similar increased production of these cytokines by LPS-
stimulated PBMC was observed at higher ratios of MSP: PBMC. However, the production of IL-6 by 
LPS stimulated PBMC was inhibited by 50%, 57%, and 45% (p<0.001) at MSP: PBMC ratios of 2.5:1, 
5:1, and 10:1, respectively. 
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Figure 3 Effect of MSP on pro-inflammatory cytokine (TNFα, IL-1β, IL-6, INFy) 
production by LPS-stimulated PBMC. PBMC were incubated for 24 h in the presence of 
LPS (40ng/mL) without (0) or with MSP at MSP: PBMC ratios as shown in the above 
figure. After the incubation period, supernatants were collected and the concentration 
of the cytokines was determined using ELISA kits. Each column represents the mean 
results of four different samples. Bars represent SEM. Asterisks represent statistically 
significant difference from PBMC incubated without MSP (0) (**p<0.01; ***p<0.001). 

3.3.3 HT-29-induced Cytokine Production (Figure 4) 

The secretion of TNFα and IL-6 by PBMC induced by HT-29 colon cancer cells was not affected 
following incubation with MSP at the ratios indicated (p>0.1), whereas that of IL-1β and IFNγ was 
slightly reduced (p<0.005). At MSP to PBMC ratio of 5:1, the secretion of IL-1β and IFNγ induced by 
HT-29 cells was inhibited by 16% (p<0.03) and 26% (p<0.01), respectively. 

 

Figure 4 Effect of MSP on pro-inflammatory cytokine production by HT-29-stimulated 
PBMC. PBMCs were incubated for 24 h in the presence of HT-29 colon cancer cells 
without (0) or with MSP at MSP: PBMC ratios as indicated. Following the incubation 
period, supernatants were collected and the concentrations of the cytokines were 
measured using ELISA kits. Each column represents the mean results of four different 
samples. Bars represent SEM. Asterisks represent statistically significant difference 
from PBMC incubated without MSP (0) (*p<0.05; **p<0.01; ***p<0.001; ��p = 0.06). 
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3.4 Effect of MSP on PMA-induced IL-2 and IFNγ Secretion (Figure 5) 

The secretion of IL-2 and IFNγ by PMA- stimulated PBMC was inhibited in a dose-dependent 
manner (p<0.001 for IL-2 and p = 0.0018 for IFNγ). At MSP:PBMC ratios of 2.5:1, 5:1, and 10:1 the 
production of IL-2 was inhibited by 23%, 26% (p<0.01) and 66% (p<0.001), respectively, whereas 
that of IFNγ was reduced by 10% (p = 0.4), 21% (p<0.05) and 41% (p = 0.0018), respectively. 

 

Figure 5 Effect of MSP on IL-2 and IFNγ secretion by PMA/ionomycin-stimulated PBMC. 
PBMC were incubated for 24 h with PMA/ionomycin (1 µg or 0.5 µg/mL) without (0) or 
in the presence of MSP at other 3 ratios (2.5:1; 5:1; 10:1) of MSP: PBMC as indicated. 
Following the incubation period, supernatants were collected and the concentration of 
the cytokines was evaluated using ELISA kits. Each column represents the mean results 
of four different samples. Bars represent SEM. Asterisks represent statistically 
significant difference from PBMC incubated without MSP (0) (*p<0.05; **p<0.01; 
***p<0.001).  

3.5 Effect of MSP on Anti-inflammatory Cytokine Secretion (Figure 6) 

The secretion of IL-10 by not-stimulated PBMC was significantly increased (p = 0.001) and was 
x8.3, x6.8, and x6.5 higher at MSP: PBMC ratios of 2.5:1, 5:1, and 10:1, respectively. IL-10 
production by LPS stimulated PBMC was slightly reduced (p<0.05) and was lower by 29% at a ratio 
of 10:1 only (p = 0.038) and was statistically nonsignificant, whereas that induced by HT-29 cells 
was not affected (p = 0.55).  

The production of IL-1ra by not-stimulated, LPS stimulated PBMC or that induced by HT-29 cells 
was not affected, following incubation with MSP at the ratios tested. 
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Figure 6 Effect of MSP on IL-10 secretion by not-stimulated, LPS or HT-29 stimulated 
PBMC. Not-stimulated PBMC or cells stimulated with LPS (40ng/mL) or HT-29 colon 
cancer cells were incubated for 24 h without (0) or with MSP at ratios of MSP: PBMC as 
shown in the figure above. After the incubation period, the supernatants were 
collected, and the concentration of IL-10 was tested using ELISA kits.  

4. Discussion 

The immune interaction between microbiota and the intestinal mucosa is well documented 
[14]. Microbiota regulates various activities of the intestinal dendritic cells and macrophages, 
including their ability for cytokine production [25]. According to Matsuzaki et al. [26], the 
microbiota colonizes Peyer’s patches and promotes the capacity of dendritic cells for phagocytosis. 
The phagocytized microflora release components to activate the ability of the immune cells to 
generate cytokines. The production of the anti-inflammatory cytokine IL-10 is of great importance 
since it has been shown that IL-10 deficiency in humans and mice increases the predisposition for 
ulcerative colitis and irritable bowel syndrome [27]. In the present study, not-stimulated PBMC 
incubated with MSP at various ratios enhanced IL-10 production. Similar results were obtained for 
the remaining cytokines hitherto examined, except for the expression of IL-2, IFNγ, and IL-1ra that 
remained unaffected. Compellingly, when the same experiments were carried out with LPS-
stimulated cells, the increased production of TNFα, IL-1β, and IFNγ was less conspicuous; the 
secretion of the pro-inflammatory cytokines IL-6 and that of PMA-stimulated IL-2 and IFNγ was 
reduced. In this setup, the generation of IL-1ra and IL-10 remained unchanged. The mode of PBMC 
activity related to their stimulation is important since one would expect that stimulated cells are 
more active in cytokine production than not-stimulated ones. Diverse cytokine secretion by PBMC 
in relation to MSP concentrations has also been reported in several studies. D'Hellencourt et al. 
[28] unraveled that the effect of pentoxifylline on cytokine production depended on the cellular 
environment and methods of cell activation. Inturri et al. [29] observed that not-stimulated human 
PBMC incubated with Bifidobacterium longum exopolysaccharides produced more IL-10 and IL-6 
than ConA-stimulated cells; this finding was corroborated in our research. It is plausible that cells 
stimulated by LPS/ConA reach their maximal activity for cytokine production, rendering further 
stimulation by MSP to be less prominent. 
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The question arises about the better method to administer probiotics, a single strain or as a 
combination of several bacterial brands as the one illustrated in our research. The effect of 
individual probiotic bacterial strains on the immune system has been well established. Matsuzaki 
et al.[30] reported the capability of Lactobacillus casei to stimulate host immune cells to produce 
several cytokines, including TNFα. Administration of Lactobacillus casei to mice inhibited the 
inflammatory activity of 1,2-dimethylhydrazine (DMH) by maintaining the levels of IFNγ, TNFα, and 
IL-10 [31]. In an in vitro model, Lactobacillus casei constrained the activity of polyinosinic 
polycytidylic acid expressed by inhibited production of the pro-inflammatory cytokines TNF-α and 
IFNγ by human PBMC [32]. The cytokine production in the present study under the effect of a 
probiotic containing eight microbial species is similar to those reported by Dong et al. [33] who 
observed that Lactobacillus casei, a monostrain probiotic, incubated with non-stimulated 
monocytes showed increased production of IL-β, IL-10, IL-6, IL-12, and TNFα. In the current study, 
in LPS-stimulated cells, the secretion of IL-1β was increased, while that of IL-10 and IL-6 was 
inhibited and TNFα remained unchanged. The stimulatory effect of various species of Lactobacillus 
casei on anti-inflammatory cytokine expression and particularly on that of IL-10 has been 
documented in studies on animals infected with a variety of pathogenic microorganisms [34, 35]. 
The remaining components of the probiotic compound investigated in the present study are also 
known as active immunomodulators. Thus, Lactobacillus rhamnosus at its different strains and 
soluble mediators has been shown to up-regulate secretion of IL-8, IL-6, IL-12p70, and TNFα [36] 
by human macrophages; boost the capacity of dendritic cells for IL-2 and IFN-γ production [37], 
and inhibit the secretion of IL-8 by intestinal epithelial cells [38]. Pagnini et al. [39] demonstrated 
that Lactobacillus rhamnosus restricts the expression of TNFα and IL-17 by colonic cells in patients 
with ulcerative colitis. Lactobacillus plantarum exerted an inhibitory effect on IL-8 and TNFα levels 
when added to cultures of porcine enterocytes [40] and human colon adenocarcinoma cells (Caco-
2) [41]. As for the immunomodulatory properties of the remaining bacterial species included in the 
studied probiotic blend, it has been reported that Lactobacillus lactis incubated with intestinal 
mucosa of patients with inflammatory bowel disease increased IL-10 secretion and decreased the 
expression of the pro-inflammatory cytokines: TNFα and IL-23 [42]. Intragastric administration of 
IL-10 secreted by Lactobacillus lactis improved the course of murine colitis by 50% [43]. 
Pediococcus acidilactici was shown to trigger the production of IL-10 Tr1 cells in an animal model 
of multiple sclerosis [44] and inhibit the secretion of the pro-inflammatory cytokines IL-6 and IFNγ 
in pigs [45].  

It may be assumed that multi-strain and multispecies probiotics possessing similar biological 
properties may be more immune-effective compared to a single-species probiotic. A previous 
study carried out at a laboratory setup identical to the one hereby presented, but using a probiotic 
containing six bacterial species revealed similar stimulatory effects on the production of the pro-
inflammatory cytokines TNFα and IL-6 by non-stimulated PBMC, while the secretion of IL-1β in 
response to MSP in the present study was twice higher. The production of pro-inflammatory 
cytokines by LPS stimulated PBMC in response to the two probiotic preparations did not differ 
significantly [24]. However, it has been stated that multi-strains and multi-species probiotics are 
advantageous against pathogens compared to single-strains and single-species probiotics [21, 46-
48]. It is suggested to carry-on further studies in order to clarify the topic [49].  
The capacity of probiotics to modulate carcinogenesis has drawn wide attention. In the present 
study, treatment of HT-29 colon cancer cells with MSP resulted in marked suppression of cell 
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proliferation, a finding similar to that reported for other types of cancer cells treated with 
Lactococcus lactis [50]. Arguably, MSO halts the progress of cell mitosis at the G1 phase by 
generating G1 dependent kinases that inhibit the activity of Retinoblastoma-protein (pRB) 
responsible for the progress of the cell cycle [51]. Although in vitro models may not always be fully 
representative of the intricate processes occurring in vivo, the MSP-reduced cell proliferation 
observed in the study may explain one of the ways how probiotics may attenuate the progress of 
carcinogenesis. Since dysbiosis frequently accompanies the close relationship between chronic 
inflammation and cancer development, particularly in the gastrointestinal tract, probiotics may 
likely have a beneficial antitumor activity by regulation of the intestinal microflora [1]. One of the 
mechanisms by which probiotics could slowdown cancer development is the inhibition of 
intestinal inflammation by the release of anti-inflammatory cytokines produced by immune cells 
[31, 52]. Zaharuddin et al. [53] observed a significant decrease in the level of pro-inflammatory 
cytokines: TNFα, IL-6, IL-12, IL-17, and IL-22 in postsurgical colorectal patients treated for six 
months with Lactobacillus and Bifidobacteria strains, compared to controls. Other types of 
malignancy respond favorably to probiotics. Administration of Lactobacillus casei fermented milk 
to mice with breast cancer led to a reduction of tumor growth and fewer metastases, as well as a 
decrease in the number of tumor-associated macrophages, compared to controls [54]. In our 
study, when PBMC was co-cultured with HT-29 cells in the presence of MSP there was increased 
production of TNFα and IL-1β and a slight decrease in IL-6 observed at the higher MSP: PMBC 
ratios. The rest of the cytokines examined in the study were not affected. Enhanced production of 
TNFα and IL-1β by PBMC incubated with HT-29 or RKO colon cancer cells was observed in a study 
using a probiotic containing six microbial strains [24].  

5. Conclusion 

Overall, it may be hypothesized that probiotics, either as a single- or as multi-species 
preparations can modulate immune cells properties. Consequently, they may serve as significant 
supplements to the therapeutic strategies applied for the treatment of colorectal cancer as well as 
other malignancies. This study may help the professionals and researchers to evolve better 
therapeutic interventions in deadly colorectal cancers and check them at the onset stage itself.  
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