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ABSTRACT 

 

 
Background and Objectives: Colorectal cancer (CRC) is a heterogeneous disease of the colon or rectum arising from 

adenoma precursors and serrated polyps. Recently, probiotics have been proposed as an effective and potential therapeutic 

approach for CRC prevention and treatment. Probiotics have been shown to alleviate inflammation by restoring the integrity 

of the mucosal barrier and impeding cancer progression. 

Materials and Methods: In this study, we aimed to investigate the immunomodulatory effects of live and UV-killed Bacillus 

subtilis natto on the inflammatory response in CRC. Caco-2 cells were exposed to various concentrations of live and UV- 

killed B. subtilis natto, and cell viability was assessed using MTT assay. Gene expression analysis of IL-10, TGF-β, TLR2 

and TLR4 was performed using RT-qPCR. 

Results: Our findings showed that both live and UV-killed B. subtilis natto caused significant reduction in inflammatory 

response by decreasing the gene expression of TLR2 and TLR4, and enhancing the gene expression of IL-10 and TGF-β in 

Caco-2 cells as compared to control group. 

Conclusion: The results of this study suggest that live and UV-killed B. subtilis natto may hold potential as a therapeutic 

supplement for modulating inflammation in CRC. 
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INTRODUCTION 

 
Colorectal cancer is characterized by uncontrolled 

cell division and survival of abnormal cells, specifi- 

cally in the colon or rectum (1). CRC is one of the 

leading causes of cancer-related deaths globally, 

ranking third in men and second in women as the 

most prevalent form of cancer (2, 3). The develop- 

ment of CRC is influenced by multiple factors, such 

as change in cytokine concentration, dysregulation of 

signaling pathways, host immune response, dietary 

factors, and more recently, the emerging role of gut 

microbiota  (4,  5).  Altered  gut  microbiota  disrupts 

the cellular and molecular processes of colonocytes 

through various mechanisms and release of different 

metabolites and structural components that interact 

with pathogen-associated molecular pattern (PAMP) 

and microbe-associated molecular pattern (MAMP) 

receptors such as toll-like receptors (TLRs) (6). This 

disorder leads to increased expression of cytokines 

and activation of oncogenic signaling pathways, re- 

sulting in the induction of inflammation and progres- 

sion of CRC (7). Currently, surgery, chemotherapy, 

immunotherapy, and radiation therapy are utilized for 

the treatment and reduction of inflammation in CRC 

(8, 9). These treatments mainly lead to the occurrence 

of side effects such as mucositis, diarrhea, vomiting, 

and weight loss (10, 11). One promising approach is 

the administration of probiotic bacteria, which can be 

used as a supplement alongside treatment to enhance 

patient outcomes (12). Based on recent studies, probi- 

otics are live microorganisms that aid in the treatment 

of CRC by regulating the immune system, improv- 

ing digestive function, and modulating microbiota 

metabolism (13, 14). Most probiotics are members of 

the normal intestinal microbiota, and the majority of 

them belong to the group of lactic acid bacteria (LAB) 

such as Lactobacillus, Leuconostoc, Lactococcus, 

Bifidobacterium and Bacillus (13). Non-pathogenic 

Bacillus species, such as Bacillus subtilis natto as a 

traditional probiotic strain, exhibit enhanced surviv- 

al and stability due to their capability to form spores 

(15). B. subtilis natto is a Gram-positive bacterium 

that is commonly found in fermented soybeans, es- 

pecially in Chinese cuisine (16). This probiotic strain 

exhibits modulatory effects on gut microbiota and 

various signaling pathways such as TGF-β cascade, 

and can improve intestinal barrier function and integ- 

rity by inducing the production of anti-inflammatory 

and regulatory cytokines, particularly IL-10 (17, 18). 

The potential risks associated with the use of live 

probiotics in high-risk individuals, such as immuno- 

compromised patients, have become a significant con- 

cern in this field (19). In recent years, there has been 

an increasing attraction toward the use of non-living 

bacterial supplements as alternative products to re- 

duce the potential risks associated with live probiotic 

strains (20). Based on scientific findings from clini- 

cal observations, UV-killed probiotics still retain the 

ability to exert anti-inflammatory and immunomodu- 

latory activities (21). 

The potential impact of B. subtilis natto as a supple- 

ment in improving CRC remains unclear. Therefore, 

this study aimed to examine the effects of live and 

UV-killed B. subtilis natto on the expression levels 

of anti-inflammatory cytokines (TGF-β, IL-10), and 

TLR2 and TLR4 genes by quantitative real-time PCR 

(RT-qPCR) using human colon cancer cell line Caco- 

2 in vitro. 
 

 
 
MATERIALS AND METHODS 

 
Bacterial culture and growth conditions. B. sub- 

tilis natto (ATCC 7059) was obtained from World 

Intellectual Resource Co. (Taiwan). The strain was 

cultured on brain heart infusion agar (BHI, Merck, 

Germany) incubated under aerobic conditions for 24 

h at 37°C. Colonies grown on BHI agar were then 

transferred to 200 ml of basal medium (BHI, Mer- 

ck, Germany). The cultures were incubated at 37°C 

with gentle shaking at 150 rpm for 24 h under aerobic 

conditions. 

 
Preparation of UV-killed B. subtilis natto. For 

preparation UV-killed B. subtilis natto, the bacterial 

suspension was centrifuged at 12,000 × g for 30 min 

at 4°C. The sedimented bacteria were then washed 

twice with sterile phosphate-buffered saline (PBS, 

pH 7) (Gibco, Darmstadt, Germany) and resuspend- 

ed. The PBS suspension was distributed into several 

petri dishes and exposed to UV light at a wavelength 

of 254 nm for 2 h. This duration was achieved by ex- 

posing the petri dishes to UV light by 4 cycles of 30 

minutes in each cycle. The UV-killed bacterial sus- 

pension was stored at -80°C for further analysis. 

 
Caco-2 cell culture. The human colorectal epithe- 

lial adenocarcinoma cell line (Caco-2; ATCC HTB- 

37) was obtained from the Research Institute for Gas- 
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troenterology and Liver Diseases, Shahid Beheshti 

University of Medical Sciences, Tehran, Iran. The 

cells were cultured in high-glucose Dulbecco's mod- 

ified Eagle's medium (H-DMEM, Sigma, USA) sup- 

plemented with 5% (v/v) heat-inactivated fetal bovine 

serum (FBS) (Gibco, USA), 2 mM L-glutamine, and 

100 U/ml of penicillin and 100 μg/ml of streptomycin 

(Sigma-Aldrich, USA). Cells were incubated at 37°C 

reverse transcription of RNA to cDNA, a synthesis kit 

(Parstous, Iran) was employed, adhering to the manu- 

facturer's protocols. 

 

Gene expression analysis by RT-qPCR. To mea- 

sure the mRNA expression level of TLR2, TLR4, 

TGF-β and IL-10, RT-qPCR analysis was performed 

with the SYBR Green qPCR Mastermix kit (Applied 

under 5% CO humidified in a 25 cm2  culture flask Biosystems) according to the manufacturer's instruc- 

(Cell Culture Flask, SPL, Korea). After reaching the 

80% confluency, the cells were washed with sterile 

PBS (pH 7) and detached using 0.25% trypsin-EDTA 

(Gibco, USA). Caco-2 cells treated with 100 ng/ml 

lipopolysaccharide (LPS) obtained from Escherich- 

ia coli 0111: B4 (Sigma-Aldrich, St. Louis, Missouri, 

USA) and untreated cells served as control. 

 
Cell viability assay. To measure the viability of 

Caco-2 cells, we used MTT assay. Briefly, Caco-2 

cells were seeded in 96-well plates and treated with 

live and UV-killed B. subtilis natto at multiplicity of 

infection (MOI) of 10, 50, and 100 for 3, 6, 12, and 24 

h time points. Based on results reported in previous 

studies and preliminary pilot experiments in our lab- 

oratory, MOI concentrations and time periods were 

selected for subsequent cell culture experiments (22, 

23). After treatment, we added MTT solution (2 mg/ 

ml) and incubated the plate at 37°C for 4 h. After- 

ward, the culture medium was replenished with fresh 

culture medium containing 10% MTT solution (0.5 

mg/ml in PBS) (Sigma Aldrich, St. Louis, MO, USA), 

and the plate was incubated for 4 h at 37°C. The su- 

pernatant was eliminated and solubilized MTT-for- 

mazan in 200 μl of DMSO was added to each well. 

Finally, we read the absorbance of the samples using 

the ELISA reader device (ELX808, Biotek) at the 

wavelength of 570 nm and 650 nm. We calculated the 

percentage of cell survival using the following formu- 

la: Cell viability (%) = (X-A/Y-A) × 100, where “X” is 

the absorbance of treated cells, “Y” is the absorbance 

of untreated cells, and “A” is the absorbance of blank 

sample. 

 
RNA extraction and cDNA synthesis. Total RNA 

was extracted from Caco-2 cells using the pure RNA 

mini kit (Parstous, Iran) following the manufactur- 

er's instructions. The quantification and purity of the 

total RNA samples were assessed using agarose gel 

electrophoresis and a NanoDrop® ND-1000 spectro- 

photometer (Thermo Scientific, USA). To perform the 

tions. Briefly, the synthesized cDNA was amplified 

using  RealQ  Plus  2x  Master  Mix  Green  (Ampli- 

qon, Odense, Denmark) and analyzed using the Ro- 

tor-Gene® Q (Qiagen, Hilden, Germany) real-time 

system. Primers used in this study are listed in (Table 

1). Each amplification protocol consisted of an initial 

denaturation at 95°C for 10 min, followed by dena- 

turation at 95°C for 20 s, annealing at 58-63°C for 

30 s, and extension at 72°C for 20 s. The relative ex- 

pression level was determined using 2-ΔΔCT   method, 

and the β-actin housekeeping gene was served as the 

reference gene. 

 
Statistical analysis. The statistical analysis was 

performed utilizing GraphPad Prism software (ver- 

sion 9, GraphPad Software, USA). To assess the sta- 

tistical significance between groups, a one-way anal- 

ysis of variance (ANOVA) was conducted. The data 

presented are the means obtained from a minimum 

of three independent experiments, and the error bars 

represent the standard error of the mean (SEM). Sta- 

tistical significance was determined at the following 

levels: *P < 0.05, **P < 0.01, ***P < 0.001, and ****P 

< 0.0001. 
 

 
 
RESULTS 

 
Effects of live and UV-killed B. subtilis natto on 

viability of Caco-2 cells. Viability of Caco-2 cells 

was evaluated following exposure to different concen- 

trations of live and UV-killed B. subtilis natto (MOI 1, 

10 and 100) using MTT assay. Overall, no statistically 

significant decrease was observed in the viability of 

Caco-2 cells upon treatment with different MOIs of 

both live and UV-killed B. subtilis natto after 24 h of 

treatment as compared to untreated cells. Based on vi- 

ability results, we applied the highest concentration of 

live and UV-killed B. subtilis natto (MOI 100) for fur- 

ther cell culture experiments, which had no significant 

effect on the viability of Caco-2 cells (Fig. 1). 
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Target gene Primer 

designation 
Oligonucleotide sequence (5′-3′) Product size 

(bp) 
Reference 

TGF-β TGFβ1-F GCACAACTCCGGTGACATCAA 86 (20) 

 TGFβ1-R CAATTCCTGGCGATACCTCAG   
TLR2 hTLR2-F TTATCCAGCACACGAATACACAG 160 (24) 

 hTLR2-R AGGCATCTGGTAGAGTCATCAA   
TLR4 hTLR4-F AGACCTGTCCCTGAACCCTAT 147 (25) 

 hTLR4-R CGATGGACTTCTAAACCAGCCA   
IL-10 IL10-F GTGGAGCAGGTGAAGAATGC 65 (26) 

 IL10-R TCACTCATGGCTTTGTAGATGC   
β-actin ACTB-F ATGTGGCCGAGGACTTTGATT 107 (27) 

 ACTB-R AGTGGGGTGGCTTTTAGGATG   

 

 

 
 

Table 1. Oligonucleotide primers used in RT-qPCR assays 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Fig. 1. Cell viability by MTT assay to determine the effects 

of live and UV-killed B. subtilis natto on Caco-2 cells. Dif- 

ferent MOIs (MOI 1, 10, 100) of live and UV-killed B. sub- 

tilis natto were added to Caco-2 cell monolayer and incubat- 

ed for 24 h. The data are expressed as the mean ± SEM of 

three independent experiments. The results are presented as 

the percentage of cell survival compared to control samples. 

MOI, multiplicity of infection; Bsn, B. subtilis natto. 

 
B. subtilis natto significantly modulated the ex- 

pression  level  of  anti-inflammatory genes  IL-10 

and TGF-β. To investigate the anti-inflammatory ef- 

fects of live and UV-killed B. subtilis natto, gene ex- 

pression levels of IL-10 and TGF-β was examined in 

Caco-2 cells. The results showed that both live and 

UV-killed B. subtilis natto increased the gene expres- 

sion of IL-10 in Caco-2 cells after 24 h (Fig. 2A). 

However, this increase was found to be statistically 

significant only for live B. subtilis natto (P < 0.01). 

Furthermore, both live and UV-killed B. subtilis nat- 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
to significantly upregulated the gene expression of 

TGF-β in Caco-2 cells after 24 h (P < 0.001, P < 0.01, 

respectively) (Fig. 2B). 

 
B. subtilis natto significantly decreased TLR2 

and TLR4 gene expression in treated Caco-2 cells. 

In order to examine the mRNA expression levels of 

TLR2 and TLR4 genes, Caco-2 cells were treated with 

live and UV-killed B. subtilis natto for 24 h. As shown 

in (Fig. 3A), both live and UV-killed B. subtilis natto 

caused a significant reduction in TLR2 gene expres- 

sion in Caco-2 cells compared to untreated cells (P < 

0.01 and P < 0.05, respectively). Additionally, treat- 

ment with live and UV-killed B. subtilis natto resulted 

in a significant decrease in TLR4 expression in Caco- 

2 cells after 24 h (P < 0.001 and P < 0.01, respectively) 

(Fig. 3B). Moreover, treatment of Caco-2 cells with 

LPS (100 ng/ml) significantly increased the gene ex- 

pression of TLR2 and TLR4 as compared to untreated 

cells. 
 

 
 
DISCUSSION 

 
CRC is among the most prevalent life-threatening 

cancers and its mortality rate dramatically increases 

in patients aged over 50 years of age (28). A large 

body of evidence has established that CRC develop- 

ment has been associated with environmental and 

genetic factors such as physical inactivity, smoking, 

dietary choices, low fiber intake, alcohol consump- 

tion, and obesity (29, 30). Disturbance in the homeo- 

stasis of intestinal microbiota, characterized by an 

imbalance in their functional composition and meta- 
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Fig. 2. Effects of live (MOI 100) and UV-killed (MOI 100) B. subtilis natto (Bsn) on the expression levels of anti-inflammatory 

genes IL-10 (A) and TGF-β (B) in Caco-2 cells by RT-qPCR. Expression data are normalized using β-actin as a reference 

gene. Caco-2 cells monolayers were treated with LPS for 24 h as a positive control. Data are shown as mean ± SEM from three 

independent experiments. **P < 0.01, ***P < 0.001 compared to the untreated control were considered statistically significant. 
 
 

 

Fig. 3. Effects of live (MOI 100) and UV-killed (MOI 100) B. subtilis natto (Bsn) on TLR2 (A) and TLR4 (B) gene expression 

in Caco-2 cells after 24 h. Gene expression data are normalized using β-actin as the reference gene. Caco-2 cell monolayers 

were treated with LPS for 24 h as a positive control. Data are presented as the mean ± SEM of three independent experiments. 

*P ˂ 0.05, **P ˂ 0.01, ***P ˂ 0.001 was considered statistically significant compared to the untreated control. 

 
bolic activities, can initiate CRC (31). This disruption 

affects cell signaling pathways, including membrane 

receptor signaling cascades such as TGF-β and TLR 

pathways, and leads to the stimulation of inflamma- 

tory responses, resulting in the conversion of cellular 

proto-oncogenes into oncogenes (32, 33). Recently, 

there has been intense research focusing on preven- 

tive  strategies  and  novel  therapeutic  approaches, 

such as probiotic consumption in individuals with 

a higher risk of gastrointestinal disorders and CRC 

(34). Probiotics can inhibit CRC progression through 

modulating  the  gut  microbiota  composition,  sug- 

gesting that there is a potential connection between 

probiotics and CRC prevention (35). A study con- 

ducted by Verma et al. demonstrated that probiotic 

use can suppress the activity of certain oncogenic 

β-glucuronidase enzymes (36). Furthermore, sev- 

eral studies have demonstrated the potential role of 

specific probiotic strains, particularly Lactobacillus 

acidophilus in inhibiting the proliferation and sur- 

vival of cancer cells through apoptosis (37-39). Saber 

et al. also reported that culture supernatant derived 

from the probiotic strain Pichia kudriavzevii enhanc- 

es the expression of genes involved in apoptosis and 
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reduces the viability of colon cancer cells (40). These 

findings highlight the promising role of probiotics in 

modulation of oncogenic processes and their poten- 

tial as a therapeutic intervention in CRC. 

Although live probiotics have shown significant ef- 

ficacy in treatment of gastrointestinal disorders and 

prevention of CRC, they may potentially cause com- 

plications in CRC patients with immunodeficiency 

(41). Live probiotic strains, when translocating from 

the gut to the bloodstream, may cause bacteremia 

in immunocompromised individuals. Therefore, the 

use of live probiotic bacteria may be associated with 

serious health problems particularly in immunocom- 

promised patients (41). In a study by Kataria et al. it 

was demonstrated that the survival and viability of 

probiotics were not essential for exerting their ben- 

eficial and protective effects, as not all clinical ben- 

efits or functional mechanisms rely on live bacteria 

(42). To address this concern, in this study we applied 

UV-inactivated B. subtilis natto as a safer alternative 

supplement. This approach aimed to minimize po- 

tential side effects that may be associated with the 

use of live probiotic strains, especially in high-risk 

individuals. In addition, the protective effects of live 

B. subtilis natto probiotic on modulating inflamma- 

tory response and promoting the production of an- 

ti-inflammatory cytokines were investigated using 

Caco-2 cells. B. subtilis natto was first isolated by 

Sawamura in 1906 (43). This bacterium inhibits an- 

giogenesis and tumor metastasis through the produc- 

tion of nattokinase, which has the potential to effec- 

tively prevent the development of cancer (44). 

TGF-β is a potent anti-inflammatory and pleiotro- 

pic cytokine that plays a crucial role in regulating 

various cellular processes, including proliferation, 

differentiation, apoptosis, and immune response (45). 

A study by Scott and colleagues have highlighted the 

significance of TGF-β as a key regulator of immune 

tolerance and homeostasis in the intestine, as its ab- 

sence leads to increased inflammatory response (46). 

Therefore, investigating inflammatory responses and 

the expression of anti-inflammatory cytokines is an 

essential strategy for treating and preventing CRC. 

Our results demonstrated that live and UV-killed B. 

subtilis natto could induce the expression of anti-in- 

flammatory cytokines (TGF-β and IL-10) in Caco-2 

cells. In a study conducted by Xin et al., it was found 

that B. subtilis natto has the ability to enhance im- 

mune responses and stimulate the production of an- 

ti-inflammatory cytokines through the enhancement 

of phagocytic function in macrophages (47). In this 

context, Uesugi et al. demonstrated that B. subtilis 

natto can exert immunomodulatory effects which ef- 

fectively mitigate inflammation by suppressing the 

production of inflammatory cytokines and upregu- 

lating the expression of anti-inflammatory cytokines 

such as IL-10 (17). In a study conducted by Fujii et 

al. it was observed that B. subtilis natto can induce 

antiviral and anti-inflammatory effects by promoting 

the production of IL-10 through M2 phenotype mac- 

rophages (48). Another study conducted by Magri 

et al. demonstrated that high content fructooligo- 

saccharides produced by B. subtilis natto exhibit an 

antiproliferative effect on malignant epithelial cells 

(49). Consistent with previous research, the results of 

this study revealed that both live and UV-killed B. 

subtilis natto noticeably upregulated the expression 

of the anti-inflammatory cytokine IL-10 in Caco2 

cells. These findings emphasize the potential role of 

probiotics in modulating the immune response and 

providing a protective effect against CRC. 

TLRs are a diverse family of pattern recognition 

receptors (PRRs) that have an essential role in initiat- 

ing the innate immune response. However, TLR dys- 

regulation has been associated with the promotion of 

tumorigenesis (50). Studies have shown that TLR2 

and TLR4 can contribute to angiogenesis and can- 

cer progression by triggering a cascade of immune 

responses (51, 52). TLR2 is involved in the recogni- 

tion of cell wall components and lipoproteins, while 

TLR4 acts as a receptor for LPS (53). The LPS of 

Gram-negative bacteria can stimulate transcription 

of nuclear factor kappa β (NF-kβ) by binding to host 

cell TLRs (54). In response to such stimuli, NF-kβ 

activates and phosphorylates the inhibitor IκB, lead- 

ing to its ubiquitination and degradation (55). This 

activation process allows NF-kβ to translocate into 

the nucleus, where it initiates the transcription of in- 

flammatory factors (56). The production of inflam- 

matory agents significantly contributes to intestinal 

tissue damage and the progression of cancer (57). 

Notably, both TLR2 and TLR4 have been found to 

be increased in patients with CRC (53). In a recent 

study conducted by Sun et al. it was observed that B. 

subtilis natto exhibits a notable impact on mitigating 

disorders in intestinal barrier function by inhibiting 

TLR4 pathway and enhancing the functionality of 

the intestinal microbiota (58). Tobita reported that B. 

subtilis natto reduced the expression level of TLR4 

in macrophage cell culture in response to Th1 cells 
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(59). In this regard, Keshavarz et al. demonstrated 

that heat-killed Akkermansia muciniphila might also 

affect the expression level TLR4 compared to control 

group (41). Moreover, Kuuge et al. investigated the 

administration of L. acidophilus in an animal model 

and showed that regulation of TLR2 and TLR4 genes 

can lead to reduction in tumor incidence (59). Re- 

cently, Nasiri et al. demonstrated that the expression 

level of TLR2 in Caco-2 cells treated with live or 

UV-killed A. muciniphila was significantly increased 

(60). In contrast, in the present study significant de- 

crease was observed in the expression level of TLR2 

and TLR4 in Caco-2 cells treated with live and UV- 

killed B. subtilis natto. This reduction in expression 

indicates anti-inflammatory potential of B. subtilis 

natto in Caco-2 cell line. Moreover, our results con- 

trast with those of Shi et al. who demonstrated that 

the treatment of Caco-2 cells with pasteurized A. mu- 

ciniphila led to a significantly increase in TLR2 ex- 

pression, while TLR4 expression remained unaltered 

(61). They indicated that anti-inflammatory effects of 

A. muciniphila are related to the stimulation of TLR2, 

and not TLR4. The discrepancies in results might be 

due to differences in the type of probiotics, cell cul- 

ture conditions, and models used in these studies. 

However, further research is required to clarify how 

UV-killed and live probiotics function as therapeutic 

supplements and how they stimulate the production 

of anti-inflammatory cytokines. Understanding the 

mechanisms of action and detailing the intracellular 

signaling pathways in cancer will help develop effec- 

tive and preventive therapeutic strategies. 
 

 
 

CONCLUSION 

 
Our findings indicated that B. subtilis natto, both in 

live and UV-killed forms, has the potential to mod- 

ulate the expression of inflammatory cytokines and 

enhance  anti-inflammatory response  in  vitro.  We 

also proposed that UV-killed B. subtilis natto can be 

used as a safe alternative to live bacteria, and is able 

to modulate intestinal inflammation. These results 

could suggest that B. subtilis natto could be con- 

sidered as a therapeutic supplement for individuals 

with CRC. Despite the promising data obtained in 

the present study, it is important to acknowledge the 

limitations. It is necessary to validate the gene ex- 

pression data determined in this study through pro- 

tein expression assays. Preclinical studies and in vivo 

experiments using appropriate animal models for 

colon cancer are required to corroborate the findings 

obtained in this work. 
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