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The occurrence of intestinal diseases such as colon cancer is closely related to the intestinal flora. Lactobacillus fermentum is a gut probiotic that plays an important role in chronic intestinal inflammation and colon cancer. In the current study, we investigated the effect of Lactobacillus fermentum ZS40 on NF-κB signaling pathway of azomethane-dextran sulfate sodium (AOM-DSS) -induced colon cancer in mice. Animals were divided into control group (NC), AOM-DSS-induced model group (CRC), AOM-DSS plus high-dose Lactobacillus fermentum ZS40 (ZS40-H), AOM-DSS plus low-dose Lactobacillus fermentum ZS40 (ZS40-L), AOM-DSS plus Lactobacillus bulgaricus (BLA), and AOM-DSS plus sulfasalazine (SD)-treated group. Observation of animal physiological activity (body weight and defecation), biochemical measurements, histopathological examination of colon tissue, qPCR to evaluate the expression of inflammation-related genes, immunohistochemical analysis of CD34 and CD117, and Western blot analysis of NF-κB signaling pathway were performed. Compared with the CRC group, the ZS40-H, ZS40-L, BLA, and SD groups had decreased levels of colon cancer marker proteins CD34 and CD117, and the number of abnormal colonic lesions observed by colon histology decreased, while the ZS40-H group showed excellent results. In addition, all probiotic interventions showed weight loss effects. The expression of inflammatory stimulators TNF-α and IL-1β in the probiotic treatment group decreased; the expression of key proteins IκBα and p65 in the NF-κB signaling pathway also decreased, resulting in a decrease in the expression of the target protein Cox-2. Therefore, administration of Lactobacillus fermentum ZS40 as a probiotic can alleviate intestinal inflammation and prevent colon cancer in mice.
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Introduction

With high morbidity and mortality, colon cancer is a malignant disease that threatens both human health and life (Arnold, 2018). Colon cancer ranks third in the incidence of cancer diseases among both men and women, globally (Tang and Evans, 2021). In China, the number of new cases of colon cancer each year is as high as 400,000, and there are about 10 million new cases worldwide annually (Jia et al., 2022). There may be no symptoms in the early stages of colon cancer. In the middle and late stages, the disease may manifest as abdominal distension and indigestion, followed by changes in bowel habits, abdominal pain, or blood in the stool (Pacal et al., 2020). The methods for early detection of colon cancer are imprecise because the symptoms in the early stages of disease are not obvious, which leads to the late detection of colon cancer (Birgisson et al., 2021). At present, some patients with colon cancer can be treated with surgery, but the risks involved in surgery are high and the adverse postoperative effects can be considerable (Wahab et al., 2021).

Inflammation is the body’s defense response to injury, but uncontrolled inflammation is often closely associated with cancer development and metastasis (Schmitt and Greten, 2021). Sometimes, the chronic inflammation that causes cancer stems from a disease characterized by inflammation. For example, the inflammatory diseases colitis, pancreatitis, and hepatitis are associated with an increased risk of colon cancer, pancreatic cancer, and liver cancer, respectively. Clinical investigations have shown that many cancer patients have a history of chronic inflammatory diseases (Beckmann et al., 2019). Numerous studies have confirmed that inflammation may also disrupt the balance of intestinal flora and induce intestinal diseases (Jackson and Theiss, 2020). In chronic inflammation, cytokines and chemokines produced by inflammatory cells can spread the focal inflammatory response to surrounding tissues through the NF-κB signaling pathway (Zhao et al., 2021). After induction by pro-inflammatory factors and tumor necrosis factors, the NF-κB signaling pathway regulates the expression of various genes such as interleukin-related genes and apoptotic factors downstream. This process also increases the immune evasion ability of precancerous cells. The inflammatory process produces molecules called cytokines that stimulate the growth of blood vessels that bring oxygen and nutrients to the tumor, and the process can also produce molecules called free radicals that further damage DNA. These inflammatory side effects may help maintain and promote cancer growth. Therefore, chronic inflammation is the initiating factor of tumorigenesis, and NF-κB plays an important role in the occurrence and development of inflammatory tumors.

The human colon is an important metabolic organ with a complex intestinal flora structure (Zhao Y. L. et al., 2018). The number of viable bacterial cells per gram of intestinal content is far greater than 1011—and can even reach 1014 (Li C. et al., 2019). In general, the intestinal flora can protect the colon, but when the number of florae is reduced by more than 50%, the ability to protect the colon from carcinogens is lost (Zhou et al., 2019). Gut microbes regulate gut health by releasing metabolites, and dysbiosis is a hallmark of colorectal cancer (CRC), leading to inflammation, tumor growth, and response to therapy (Bell et al., 2022). Studies conducted at the beginning of the twentieth century found that the longevity of people from Bulgaria was related to their long-term use of fermented dairy products (Salvetti and O’Toole, 2017). Since then, a large amount of research data has shown that the intake of fermented dairy products is beneficial to human health (Warren et al., 2018).

Lactobacillus fermentum ZS40 (China General Microbiological Culture Collection Center, CGMCC No.: 18226) is an active strain isolated from the traditionally fermented yogurt in Zhaosu County, Xinjiang, by the Chongqing Collaborative Innovation Center for Functional Food. The preliminary activity test results have shown that the ability of Lactobacillus fermentum ZS40 to tolerate artificial gastric juice reached 79.3%. In this study, a mouse colon cancer model induced by azoxymethane-dextran sulfate sodium (AOM-DSS) was used to explore the influence of the NF-κB signaling pathway in the occurrence and development of colon cancer and the ameliorative effect of Lactobacillus fermentum ZS40.



Materials and methods


Strain culture

Lactobacillus fermentum ZS40 and Lactobacillus bulgaricus strains were inoculated into Man, Rogosa (MRS) liquid medium at an inoculum of 2%. and was incubated in a constant temperature water shaker at 37°C at 100 rpm for 24 h. The solution was then centrifuged at 12,000 rpm for 10 min and the supernatant discarded. The bacterial pellet was then resuspended in 0.9% saline. The purity of the bacterial solution was checked with Gram stain microscopy. Using the gradient dilution method, the Lactobacillus fermentum ZS40 bacterial solution was diluted to 1011 and 109 colony-forming units (CFU), and Lactobacillus bulgaricus was diluted to 1011 CFU for use.



In vitro resistance of probiotic

The MRS-THIO medium with porcine bile salt concentrations of 0, 1, 2, and 3 g/L was prepared, the activated probiotic were inoculated into the MRS-THIO medium at a volume of 2%, and the blank medium with a bile salt concentration of 0 was used as a control. After culturing at 37°C and 100 rpm for 24 h, the absorbance A at OD600nm was measured, and the tolerance of probiotic to bile salts was calculated according to formula 1.
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A1: OD600 nm of bile salt-containing medium; A0: OD600 nm of blank medium.

Artificial gastric juice prepared with 0.2% NaCl and 0.35% pepsin was used, pH3.0 was adjusted to use 1 mol/L HCl, and the bacteria were filtered through a 0.22 μm filter. The activated probiotic and artificial gastric juice were mixed in a volume ratio of 1:9. They were incubated at 37°C and 100 rpm. The culture medium after 0 h and 3 h was taken and diluted 10 times with 0.9% NaCl. The diluted solution was spread on MRS solid medium plate, and cultured at 37°C for 48h. The survival rate of probiotic was calculated according to formula 2.
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Experimental animals

Male C57BL/6 J mice (4 weeks old, 16–18 g) were purchased from Chongqing Medical University. Mice were housed at 25°C under a 12-h light/dark cycle and provided with standard rodent chow (ENSIWEIER Biotechnology Co., Ltd., Chongqing, China) and purified water. The entire trial period was 12 weeks. The 1st week was the adaptive culture cycle. All experimental animals were provided with standard feed and purified water. After the adaptation period, the experimental animals were randomly divided into Normal group (NC); Colorectal cancer control group (CRC); Probiotic intervention group: high-dose ZS40 bacterial solution (ZS40-H), low-dose ZS40 bacterial solution (ZS40-L) and Bulgarian bacteria bacterial solution (BLA), and Drug control group: sulfasalazine solution (SD). The 2nd to the 11th week were model induction cycle, NC and CRC were given 0.2 ml of 0.9% Nacl/Day; ZS40-H, ZS40-L, and BLA group were administered by gavage with 0.2 ml of 1011 CFU, 109 CFU, and 1011 CFU bacterial solution, respectively, as the number of viable bacteria ingested per day; SD was given 0.2 ml of 2.5% sulfasalazine solution by intragastric administration per day. In addition to the above continuous treatment operations, the following treatments are also required. On the first day of the 2nd week, all groups except NC were intraperitoneally injected with AOM reagent at a dose of 10 mg/kg, and purified water was provided during the week. From 3th to 5th week, drinking conditions of 2.5% DSS solution for 7 days and purified water for 14 days were provided. These drinking conditions were repeated 3 times (3th–11th week). The 12th week was the recovery week, and all treatments of all experimental animals were stopped and were provided with standard feed and purified water (Figure 1). After all experiments (13th week), all animals blood was collected by orbital draw method and centrifuged at 9,500g at 4°C in a refrigerated high-speed centrifuge (iCEN-24R, Hangzhou Aosheng Instrument Co., Ltd., Zhejiang, China) to obtain serum, and dissected and collected tissues. The colon were quickly removed, and photographed. The intercepted part of the sample was immersed in the fixative at 4°C and sent to the biological company for staining. The remaining colon samples were immediately frozen in liquid nitrogen and stored at −80°C for further analysis. Animal experiments were approved by the Ethics Committee of Chongqing Collaborative Innovation Center for Functional Food (IACUC Number: 202106009B).
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FIGURE 1
 Schematic diagram of experiment cycle.




Colon morphology observation

The sacrificed mice were fixed on the dissecting board, the intestinal tissue of the mice was removed, the connection between the cecum and the small intestine was carefully cut, the connection between the colon and the anus was cut off, and the colon tissue was obtained and weighed. The colon was carefully unfolded. Been careful not to artificially lengthen the colon. Be careful not to artificially increase the length of the colon. The 0-scale position was aligned with the junction of the colon and the cecum.



Colon pathological observation

Colon tissue samples from each animal were pathologically examined. These tissue samples were fixed in a tissue fixative (Sevier Biotechnology Co., Ltd., Chongqing, China) at 4°C (Collected in 2.1). Within 24 h, the fixed tissue samples were sent to Chongqing Sevier Biological Company to prepare paraffin sections and undergo hematoxylin and eosin (H&E) staining. Additionally, the obtained tissue sections were sent to Chongqing Servicebio Biological Company again for CD34 (GB121693, Servicebio) and CD117 (GB11073-2, Servicebio) immunohistochemical staining. The stained samples were viewed with an upright microscope (BX43F; Olympus, Tokyo, Japan). And the severity of intestinal pathology was double-blindly scored, pathology score ≥ 2, regarded as intestinal injury.



Serum enzyme-linked immunosorbent assay (Elisa)

To prepare serum samples, the collected blood via retro-orbital sampling was allowed to stand at 4°C for 1 h and centrifuged at 9,500g for 15 min at 4°C (Collected in 2.1). A commercial ELISA kit (mlibio, Shanghai, China) was then used to measure levels of interleukin 1β (IL-1β), interleukin 8 (IL-8), tumor necrosis factor-α (TNF-α), macrophage inflammatory protein 1β (MIP-1β), and vascular endothelial cell adhesion molecule 1 (VCAM-1).



Real-time fluorescence quantitative PCR

The mRNA expressions of IL-1β, TNF-α, nuclear factor kappa-B (NF-κB, p65), TNF receptor-associated factor 1/2/6 (TRAF1/2/6), nuclear factor inhibitor protein (IκBα), IκB kinase (IKKα/β), B-cell lymphoma/leukemia (Bcl-XL, Bcl-2), and Cyclooxygenase (Cox-2) were measured using real-time fluorescence quantitative PCR (RT-qPCR). The total RNA was extracted and cDNA reverse transcription was performed, according to instructions of the RNA extraction kit (BaiMaiKe Technologies, Beijing, China) and cDNA reverse transcription kit (Yeasen Technologies, Shanghai, China), respectively. A microspectrophotometer (Nano-300; ALLSHENG, Zhejiang, China) was used for quantification by measuring the absorbance at 260 nm. Then, RT-qPCR was performed using an RT-qPCR instrument (StepOne Plus, ABI, United States), normalized with actin. The final RT-qPCR product expression was calculated using the 2−△△Ct method. Each sample was replicated 4 times and data were statistically analyzed using Prism 7.0 software.



Western blot analysis

Colon samples were homogenized using a protein extraction kit, in which the phenylmethanesulfonyl fluoride, protease inhibitors, and phosphatase inhibitors were mixed (Solarbio Life Sciences, Beijing, China), and then centrifuged at 12,000g for 20 min at 4°C. The protein concentration was determined using a bicinchoninic acid protein determination kit (Yeasen Technologies, Shanghai, China). For Western blot analysis, 50 μg of protein extract was separated with 10% NuPAGE (NP0302BOX, Invitrogen) and then transferred to a polyvinylidene fluoride (PVDF) membrane. This was sealed with 5% skim milk for 1 h at 28°C, using anti-p65 (51-0500, Invitrogen), anti-IL-1β (MM425B, Invitrogen), anti-TNF-α (AMC3012, Invitrogen), anti-IκBα (MA5-16152, Invitrogen), anti-Cox-2 (PA5-17614, Invitrogen), and anti-β-actin (MA1-140, Invitrogen); incubated in the PVDF membrane; washed five times with 1× TBST; and then combined with Horseradish peroxidase (HRP) secondary antibodies (A32723, Invitrogen). Next, the mixture was incubated for 1 h at room temperature and the PVDF membrane was washed five times with 1× TBST. Antibody binding was observed using enhanced chemiluminescence (Solarbio Life Sciences, Beijing, China). Finally, ImageJ software (U.S. National Institutes of Health, Bethesda, MD, United States) was used to quantify protein expression.



Data analysis

The data were expressed as mean ± standard deviation (SD). GraphPad 7.0 (GraphPad Software, San Diego, CA, United States) and IBM SPSS 21.0 (IBM Corp., Armonk, NY, United States) statistical software packages were used for analysis. We used one-way analysis of variance and Duncan’s multiple range test to evaluate the difference between the mean values in each group. A value p < 0.05 was considered statistically significant.




Results


Viability of probiotics

Both Lactobacillus fermentum ZS40 and Lactobacillus bulgaricus could grow in an MRS medium containing different concentrations of bile salts, but the growth efficiency varies greatly under different concentrations. In 1 g/L MRS-THIO medium, the growth efficiency of Lactobacillus fermentum ZS40 and Lactobacillus bulgaricus was over 50%, and the growth efficiency of Lactobacillus fermentum ZS40 reached 79%; with the increase of bile salt concentration, the growth efficiency of Lactobacillus fermentum ZS40 and Lactobacillus bulgaricus was inhibited. Under the condition of concentration of 2 g/L, the growth efficiency of Lactobacillus fermentum ZS40 reached 43%; under the condition of concentration of 3 g/L, the growth efficiency of Lactobacillus fermentum ZS40 was 28%.

There was a difference in the survival rates of Lactobacillus fermentum ZS40 and Lactobacillus bulgaricus in artificial gastric juice at pH3.0. The viable counts of Lactobacillus fermentum ZS40 and Lactobacillus bulgaricus in artificial gastric juice were 6.3 × 107 CFU/ml and 4.8 × 107 CFU/ml after 0 h; the viable counts after 3 h were 4.27 × 106 CFU/ml and 2.88 × 106 CFU/ml; the survival rates of Lactobacillus fermentum ZS40 and Lactobacillus bulgaricus in the artificial gastric juice of pH3.0 within 3 h were, respectively, 6.7 and 6%.



Effect of probiotic samples on body weight

During the experiment, the body weight changes of the experimental mice were recorded. As shown in Figure 2, from the 2th experimental week after the injection of AOM, compared with the normal group, the body weight of the mice in the CRC group showed a significant decline. In the later stage of the experiment, the body weight of the mice in the CRC group kept decreasing under the action of DSS. Although the body weight of the mice in the intervention group of Lactobacillus fermentum ZS40-H was affected by AOM-DSS, the body weight was upregulated, showing differences from CRC mice. The same results were also shown in the ZS40-L, BLA, and SD groups. The body weight of mice in these intervention groups all showed a certain degree of upregulation.

[image: Figure 2]

FIGURE 2
 Body weight of mice. NC, normal untreated mice; CRC, colon cancer model mice induced with AOM-DSS; ZS40-H, mice treated with high-dose Lactobacillus fermentum ZS40 (1011 CFU); ZS40-L, mice treated with low-dose Lactobacillus fermentum ZS40 (109 CFU); BLA, mice treated with Bulgarian strain (1011 CFU); SD, mice treated with sulfasalazine (25%).




Effect of probiotic samples on colon morphology

As shown in Figure 3A, the length and morphology of the mice colon were compared after dissection at the end of the experiment, and the colon weight was recorded (as shown in Figure 3B). In the anatomical image, we can see that compared with NC, owing to the large amount of inflammation produced during the process of inducing colon cancer, the length of the colon in CRC mice was significantly shortened (NC:8.3 cm; CRC:4.9 cm), the intestine was filled with pus-like material, colon weight increased significantly(NC:0.5370 ± 0.08 g; CRC:0.7245 ± 0.06 g), and colon lumps were found at multiple locations (Where the arrow points). On the contrary, in ZS40-H and SD mice, there was less shortening of the colon (ZS40-H:7.0 cm; SD:6.9 cm), less pus-like material, fewer colon lumps, and the volume of the lumps was also reduced (ZS40-H:0.603 ± 0.05 g; SD:0.6555 ± 0.10 g). Even, no lumps were found in some tissues. Similar situations were found in the ZS40-L and BLA groups (ZS40-L:6.7 cm, 0.6729 ± 0.05 g; BLA:6.0 cm, 0.6926 ± 0.09 g), but the improvement was not more obvious than that in ZS40-H and SD mice. This shows that after the interference of probiotics and drugs, inflammation in the mouse colon was alleviated, and the effects of high-dose ZS40 and drugs were the most significant.

[image: Figure 3]

FIGURE 3
 Anatomy of mice colon (A): Colon length; (B) Colon weight. a–cMean values with different letters over the same column are significantly different (p < 0.05) according to Duncan’s multiple range test. NC, normal untreated mice; CRC, colon cancer model mice induced with AOM-DSS; ZS40-H, mice treated with high-dose Lactobacillus fermentum ZS40 (1011 CFU); ZS40-L, mice treated with low-dose Lactobacillus fermentum ZS40 (109 CFU); BLA, mice treated with Bulgarian strain (1011 CFU); SD, mice treated with sulfasalazine (25%).




Effect of probiotics samples on serum indexes

As shown in Table 1, compared with NC mice, the serum levels of IL-1β, IL-8, TNF-α, MIP-1β, and VCAM-1 in the CRC group were significantly increased. Compared with CRC, ZS40-H treatment reduced the serum levels of IL-1β, IL-8, TNF-α, MIP-1β, and VCAM-1 in CRC mice. Moreover, compared with the CRC group, mice in the ZS40-L and BLA treatment groups and the SD control group had effectively reduced levels of IL-1β, IL-8, TNF-α, MIP-1β, and VCAM-1; SD showed a better effect in reducing the levels of inflammatory factors (p < 0.05). This indicates that Lactobacillus fermentum ZS40 could reduce the levels of inflammatory factors and vascular cell adhesion factors in the serum of C57 mice induced by AOM-DSS.



TABLE 1 Levels of inflammatory indexes in mouse serum samples.
[image: Table1]



Effect of probiotic samples on colon tissue

The morphology of colon tissue was observed by analyzing the H and E-stained sections of colon tissue (Figure 4A), and the pathological score of the severity of the colon of the mice (Figure 4B). In the CRC group, epithelial cells fall off in colon tissue, and lymphocytes and plasma cells infiltrate in lamina propria. We observed that the ZS40-H intervention treatment could reduce the accumulation of inflammatory factors in the colon tissue of CRC mice. Also, compared with the CRC group, the ZS40-L and BLA treatment groups and the BD control group had significantly reduced inflammatory infiltration of mouse colon tissues.

[image: Figure 4]

FIGURE 4
 (A) Pathological section of mice colon (H&E) Magnification 10×. (B) Colon severity pathological scores 0 marks: intact villi and epithelium; 1 marks: slight submucosal or lamina propria swelling and separation; 2 marks: moderate submucosa or lamina propria swelling and separation and plasma cell infiltration; 3 marks: severe submucosal or lamina propria swelling and plasma cell infiltration, local villi atrophy and shedding; 4 marks: intestinal villi disappeared with intestinal wall necrosis Pathology score ≥ 2, regarded as intestinal injury. a,bMean values with different letters over the same column are significantly different (p < 0.05) according to Duncan’s multiple range test. NC, normal untreated mice; CRC, colon cancer model mice induced with AOM-DSS; ZS40-H, mice treated with high-dose Lactobacillus fermentum ZS40 (1011 CFU); ZS40-L, mice treated with low-dose Lactobacillus fermentum ZS40 (109 CFU); BLA, mice treated with Bulgarian strain (1011 CFU); SD, mice treated with sulfasalazine (25%) The arrows point to the colonic mucosa and goblet cell structure.




Effect of probiotic samples on expression of tumor markers

The staining intensities of CD34 and CD117 expression in colon tissue were observed with immunohistochemistry. As shown in Figure 5, compared with the NC group (AOD: CD34: 0.334 ± 0.01; CD117: 0.316 ± 0.01), the expression intensities of CD34 and CD117 were higher in colon tissue samples of the CRC group. In colon lesions, the expression levels of target cells (CD34 and CD117) were increased (AOD: CD34: 0.403 ± 0.01; CD117: 0.458 ± 0.02), the expression aggregation area of the target protein could be clearly observed, and the expression rates of positive results were higher. Compared with CRC, after intervention with ZS40-H, ZS40-L, BLA, and SD, the positive expression rate decreased (AOD: CD34 ZS40-H: 0.335 ± 0.05, ZS40-L: 0.398 ± 0.01, BLA: 0.349 ± 0.01, SD: 0.376 ± 0.01; CD117 ZS40-H: 0.367 ± 0.01, ZS40-L: 0.392 ± 0.04, BLA: 0.389 ± 0.01, SD: 0.369 ± 0.01). Among these, the ZS40-H and SD groups were more obvious.

[image: Figure 5]

FIGURE 5
 Pathological section of mice colon (immunohistochemical staining) Magnification 20× (A): Indicator CD34; (B): Indicator CD117; NC, normal untreated mice; CRC, colon cancer model mice induced with AOM-DSS; ZS40-H, mice treated with high-dose Lactobacillus fermentum ZS40 (1011 CFU); ZS40-L, mice treated with low-dose Lactobacillus fermentum ZS40 (109 CFU); BLA, mice treated with Bulgarian strain (1011 CFU); SD, mice treated with sulfasalazine (25%) The arrows point to the expression of the target protein.




Effect of probiotic samples on mRNA

RT-qPCR analysis confirmed that the accumulation of inflammation caused an increase of IL-1β, TNF-α, p65, IKKβ, TRAF-6, and Cox-2 expression levels in the colon tissue of the CRC mice. At the same time, mRNA expression of TRAF-1/2, IκBα, IKKα, Bcl-2, and Bcl-xL decreased (Figure 6). An intervention with probiotic Lactobacillus fermentum ZS40 and anti-inflammatory drugs could reduce the expression levels of IL-1β, TNF-α, p65, IKKβ, TRAF-6, and Cox-2 in the colon tissue of CRC mice and increase those of TRAF-1/2, IκBα, IKKα, and Bcl-2. As for the mRNA expression level of Bcl-xL, SD had a better intervention effect, and high-dose Lactobacillus fermentum ZS40 showed better effects in relieving inflammation.

[image: Figure 6]

FIGURE 6
 mRNA expression levels of inflammatory factors in colon tissue the difference in variance between the two groups was significant (p < 0.05), a–cMean values with different letters in the same column are significantly different (p < 0.05) according to Duncan’s honestly significantly different tests. NC, normal untreated mice; CRC, colon cancer model mice induced with AOM-DSS; ZS40-H, mice treated with high-dose Lactobacillus fermentum ZS40 (1011 CFU); ZS40-L, mice treated with low-dose Lactobacillus fermentum ZS40 (109 CFU); BLA, mice treated with Bulgarian strain (1011 CFU); SD: mice treated with sulfasalazine (25%).




Expression of key proteins in the NF-κB signaling pathway

We analyzed the protein expression in mouse colon tissues using Western blot analysis (Figure 7). Compared with the NC group, the expression levels of IL-1β and TNF-α in colon tissue of the CRC group were increased. The ZS40-H, ZS40-L, BLA, and SD groups had reduced expression of inflammatory factors in colon tissues, among which the ZS40-H and SD groups showed the most obvious reduction effect. The expression levels of p65, IκBα, and Cox-2 in colon tissue also showed a decreasing trend in the ZS40-H, ZS40-L, BLA, and SD groups, as compared with the CRC group. However, the difference between the ZS40-H and SD groups was not obvious.

[image: Figure 7]

FIGURE 7
 Expression of key proteins in the NFκB signaling pathway in colon tissue The difference in variance between the normal group and intervention was significant (p < 005), a–cMean values with different letters in the same column are significantly different (p < 005) according to Duncan’s honestly significantly different tests. NC, normal untreated mice; CRC, colon cancer model mice induced with AOM-DSS; ZS40-H, mice treated with high-dose Lactobacillus fermentum ZS40 (1011 CFU); ZS40-L, mice treated with low-dose Lactobacillus fermentum ZS40 (109 CFU); BLA, mice treated with Bulgarian strain (1011 CFU); SD, mice treated with sulfasalazine (25%).





Discussion

Epidemiological studies have confirmed that many tumors are caused by the repeated stimulation of inflammation (Li K. L. et al., 2019). Moreover, studies have shown that anti-inflammatory drugs can reshape the tumor immune environment and enhance the immune blocking effect (Pelly et al., 2021). Clinical studies have found that there may be a correlation between ulcerative colitis and colon cancer and that inflammatory cells are present in tumor biopsy samples (Wang et al., 2021). The clinical utility of inflammation-related biomarkers in routine blood tests has been reported in a variety of cancers, and Yamamoto, T. summarizes the prognostic impact of each inflammation-related marker on CRC (Yamamoto et al., 2021). Many previous studies have shown that long-term consumption of DSS solution can cause colitis, and the consumption of lactic acid bacteria has an intervening effect in preventing colon cancer caused by DSS (Wang C. Z. et al., 2018). The combined stimulation of AOM and DSS may induce colon cancer (Jeon et al., 2018). Research on the use of lactic acid bacteria to induce apoptosis in colon cancer cells is a popular research topic. In our study, the reason for successful interference of combined stimulation with AOM and DSS to induce colon cancer in mice can be attributed to the effect of long-term consumption of lactic acid bacteria.

Our results showed under the combined effect of AOM and DSS, obvious lump-like foreign bodies were found in the colon tissue of CRC mice, and the number and volume were larger. The intestinal tract is filled with a large amount of tissue mucus, the intestinal wall is thinned, and the blood vessels are obvious. It shows that the combined effect of AOM and DSS can form more obvious colon lesions in mice, and the intestinal inflammation is obvious. At the same time, the variation of lesions in the intestinal tissue of mice treated with Lactobacillus fermentum CQZS40 was improved. It is manifested as a smooth and elastic intestinal surface, and a decrease in the number and volume of foreign body masses in the intestinal tract. The results showed that ingestion of active Lactobacillus fermentum was effective in preventing colon cancer induced by the combination of AOM and DSS.

The active cytokine TNF-α is secreted by macrophages and lymphocytes activated by endotoxins. It has been reported that the main role of TNF-α in the body is not to kill tumors but rather to promote tumor development as an inflammatory factor (Lv et al., 2020). Moreover, TNF-α is highly correlated with colorectal cancer (Hu et al., 2019). TNF-α can induce tumor immunosuppressive microenvironment formation by activating inflammation-related signaling pathways, as well as promoting tumor angiogenesis and tumor spread (Shen et al., 2019). Interleukins transmit information; activate and regulate immune cells; mediate the activation, proliferation, and differentiation of T and B cells; and play an important role in inflammation (Lerner, 2020). Among them, IL-1β is an inflammatory cytokine, which is widely involved in various pathological damage processes such as human tissue destruction and edema formation. IL-8 is an important inflammatory mediator (Xiao et al., 2018). Moreover, when the body is affected by infection and certain autoimmune diseases, IL-8 significantly increases local inflammation and is elevated in serum. In the detection of cytokine levels, the mouse serum levels of TNF-α, IL-1β, and IL-8 were in line with expectations. The increase in the levels of these factors is the basic condition for promoting the occurrence of inflammation.

Together with the action of various factors that promote inflammation, the body triggers a series of acute reaction and fever reactions and can also activate endothelial cells to increase vascular permeability. MIP belongs to a class of chemokine (Chahar et al., 2018). MIP can activate granulocytes, regulate the adhesion of CD8+ T cells and vascular endothelial cells, participate in hematopoiesis regulation, and induce natural killer cell proliferation and activation. As an important factor that mediates the adhesion of leukocytes to vascular endothelial cells, vascular cell adhesion molecules play an important role in vascular injury. Studies have shown that the increase in MIP expression has an important role in the occurrence of vascular-related diseases (Yang et al., 2018). MIP-2 released during the early stage of inflammation chemotactically activates neutrophils to the site of inflammation, which then release a large number of proteolytic enzymes to cause inflammation (Subramanya et al., 2018). Vascular cell adhesion molecule (VCAM)-1 mediates cell-to-cell interactions and can induce the expression of VCAM-1 in the inflammatory tumor microenvironment by high expression of IL-1β (Shen et al., 2021). The results of the present research are similar to the abovementioned results of previous studies. The expression levels of MIP-1β and VCAM-1 were increased in the model group, but decreased after the Lactobacillus fermentum ZS40 intervention. This may be related to the reduction in inflammation factors TNF-α, IL-1β, and IL-8.

The expression level of protein indicators can express the condition of the body. The practical value of immunohistochemistry in tumor diagnosis and differential diagnosis has been generally recognized, and its accuracy rate can reach 50%–75% in the differential diagnosis of poorly differentiated or undifferentiated tumors. CD117 is a specific marker for gastrointestinal stromal tumors and is generally diagnosed in combination with CD34. At present, CD117 is mainly used in combination with CD34 in research of gastrointestinal stromal tumors. The adhesion of leukocytes and displacement of vascular endothelial cells to the inflammatory area are important processes in inflammation because of the interaction of adhesion molecules (Takayuki et al., 2019). Increasingly more research results show that CD34 molecules have an important role in mediating cell adhesion. In this process, CD34 can mediate the accumulation of leukocytes, initiate an inflammatory response, and simultaneously cooperate with chemokines to enhance the inflammatory response (Zhao D. W. et al., 2018). The CD117 protein is a type III tyrosine kinase growth factor, which results in strong membrane and cytoplasmic expressions in gastrointestinal inflammatory cells (Jelena et al., 2020). Our results support previous studies and provide evidence that high doses of Lactobacillus fermentum and sulfasalazine have better protection against colon cancer compared to Lactobacillus bulgaricus administration. This observation can be clearly observed in the significantly lower AOD levels, colon cancer morphology, and histological malignant changes in the probiotic-treated group compared with the AOM-DSS-treated group.

The NF-κB signaling pathway regulates key processes in the occurrence and development of various types of cancer (Zhu et al., 2018). The transcription factor NF-κB is a key mediator of inflammatory responses (Barnabei et al., 2021). NF-κB may be one of the most common regulators of cancer because of the extensive involvement of target genes and tissues. NF-κB protein has been detected in epithelial cells and macrophages of patients with ulcerative colitis, which provides evidence for constitutive NF-κB activation (Tong et al., 2019). Under the stimulation of pro-inflammatory cytokines TNF-α, interleukin IL-8, and other extracellular factors, IKKβ is activated after phosphorylation of TAK1 protein, resulting in the degradation of the IκB protein and the release of NF-κB dimers. Pro-inflammatory cytokines also induce p65 and activate the NF-κB pathway (Yang et al., 2019). Our detection of serum inflammatory cytokine levels and the detection of intestinal tissue gene and protein expression levels are in line with previous studies, and provide evidence that under the combined induction of AOM-DSS, the NF-κB signaling pathway in mice is activated, which is manifested in the body increased levels of inflammation. Compared with the CRC group, the Lactobacillus fermentum-treated group had lower detection levels of inflammatory signaling pathway stimulators IL-1β and TNF-α, and increased expression of the activating protein IKKβ, resulting in the degradation of IκBα and the increase in the expression of aggregate NF-κB. The above results can indicate that the role of Lactobacillus fermentum can protect mice from reducing inflammatory stimulation.

At the same time, studies have found that when the NF-kB signaling pathway is activated, a series of changes in the expression of oncogenes and proteins will occur. The expression of Cox-2 is closely related to NF-kB. It has been reported that in the research on Cox-2 selective inhibitors, it has a clear efficacy similar to NSAIDs in terms of analgesia and anti-inflammatory, and can protect gastrointestinal cells and prevent ulcer formation (El-Malah et al., 2022). Kitagawa et al. compared the expression of Cox-2 in colon cancer and normal colon tissue, and the results showed that Cox-2 was overexpressed in colon cancer tissue, while the expression of Cox-2 in normal colon mucosa was negative (Kitagawa et al., 2022). Bcl-2 is a major inhibitor of apoptosis gene. Theoretically, when it shows a high-intensity level, it causes a stronger result of inhibiting apoptosis. Corresponding results showed that the greater the probability of tumor cells evading apoptosis, the higher the malignancy of the tumor. The expression of Bcl-2 in various tumors has been confirmed. For example, Abdel-Wahab et al. showed that Bcl-2 protein expression is positively correlated with the differentiation of colorectal cancer and is a useful indicator for judging the malignancy of colorectal cancer (Abdel-Wahab et al., 2021). Bcl-xL is an anti-apoptotic protein belonging to the Bcl-2 family, which is involved in the regulation of cell apoptosis. Play an important role, a large number of studies have reported that Bcl-xL is highly expressed in colorectal cancer (Ramesh et al., 2021). The changes of Cox-2, Bcl-2, Bcl-XL are also reflected in our detection results, Cox-2, Bcl-2. The higher level of expression of Bcl-XL was found after the activation of the signaling pathway. This trend was suppressed in the Lactobacillus fermentum treatment group. This result is also in line with the experimental expectation.

Activation of the NF-κB canonical pathway ultimately leads to increased expression of NF-κB target genes such as IL-8, Bcl-2, and Cox-2. High expression of these pro-inflammatory factors, in turn, further exacerbates the stimulatory pathways that continue to affect cell proliferation or renewal. Therefore, NF-κB may contribute to the occurrence of colitis-associated colon cancer by maintaining a continuous inflammatory process in the intestinal mucosa. The direct and indirect effects of this transcription factor complex on tumorigenesis and progression have been validated in various animal models such as hepatocellular carcinoma, gastric cancer, and lung cancer (Ji et al., 2018; Wang J. J. et al., 2018, 2020). In our study, the Lactobacillus fermentum treatment group blocked the continuous development of the signaling pathway by affecting the important turning points of the NF-κB classical pathway, such as IκBα, p65, and IKKβ, as well as the release of pro-inflammatory factors.



Conclusion

Our present study showed that the consumption of Lactobacillus fermentum CQZS40 can reduce the occurrence of colon cancer tumors induced by AOM and DSS by inhibiting the NF-κB classical signaling pathway. The present results confirmed that experimental animals in the ZS40-H intervention group showed a decrease in the number of intestinal tissue cysts and a decrease in the level of intestinal inflammation compared with the CRC group, by affecting the release of inflammatory cytokines, gene and protein expression in colon tissue. Moreover, both high and low doses of Lactobacillus fermentum ZS40 could effectively inhibit the NF-κB signaling pathway. Among them, high doses of Lactobacillus fermentum ZS40 were more effective in inhibiting pro-inflammatory factors and regulating key proteins in the signaling pathway. These results may be related to the regulation of intestinal flora in the body after the ingestion of Lactobacillus fermentum ZS40. The present research finding is of great value for subsequent research on related areas and has inspired the authors’ interest in researching the mechanism of Lactobacillus fermentum ZS40 in the intestine.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

This study was approved by the Ethics Committee of Chongqing Collaborative Innovation Center for Functional Food (20190902B, Chongqing, China) and followed the national standard of the People’s Republic of China (GB/T 35892-2018) laboratory animal guidelines for ethical review of animal welfare.



Author contributions

JL and SW performed the majority of the experiments and wrote the manuscript. RY and XL contributed to the data analysis. XZ designed and supervised the study, and checked the final manuscript. All authors contributed to the article and approved the submitted version.



Funding

This research was funded by the Chongqing University Innovation Research Group Project (CXQTP20033) and the Science and Technology Project of Chongqing Education Commission (KJQN202001604).



Acknowledgments

We thank LetPub (www.letpub.com) for its linguistic assistance during the preparation of this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmicb.2022.953905/full#supplementary-material



Abbreviations

AOM-DSS, azoxymethane-dextran sodium sulfate; MRS, Man Rogosa; IL-1β, interleukin 1β; IL-8, interleukin 8; TNF-α, tumor necrosis factor-α; MIP-1β, macrophage inflammatory protein 1β; VCAM-1, vascular endothelial cell adhesion molecule 1; TRAF, TNF receptor-associated factor; IκBα, nuclear factor inhibitor protein; IKKα/β, IκB kinase; Bcl-XL/2, B-cell lymphoma/Leukemia; Cox-2, Cyclooxygenase-2.


References

 Abdel-Wahab, B. A., Alqhtani, H., Walbi, I. A., Albarqi, H. A., Aljadaan, A. M., Khateeb, M. M., et al. (2021). Piclamilast mitigates 1,2-dimethylhydrazine induced colon cancer in rats through modulation of Ras/PI3K/Akt/mTOR and NF-κβ signaling. Chem. Biol. Interact. 350:109686. doi: 10.1016/j.cbi.2021.109686 

 Arnold, M. W. (2018). Colon cancer. Cancer 75, 2809–2817. doi: 10.1002/1097-0142(19950615)75:123.0.CO;2-0

 Barnabei, L., Laplantine, E., Mbongo, W., Rieux-Laucat, F., and Weil, R. (2021). NF-κB: at the Borders of autoimmunity and inflammation. Front. Immunol. 12:716469. doi: 10.3389/fimmu.2021.716469 

 Beckmann, K., Russell, B., Josephs, D., Garmo, H., Haggstrom, C., and Holmberg, L. (2019). Chronic inflammatory diseases, anti-inflammatory medications and risk of prostate cancer: a population-based case-control study. BMC Cancer 19:612. doi: 10.1186/s12885-019-5846-3 

 Bell, H. N., Rebernick, R. J., Goyert, J., Singhal, R., Kuljanin, M., Kerk, S. A., et al. (2022). Reuterin in the healthy gut microbiome suppresses colorectal cancer growth through altering redox balance. Cancer Cell 40, 185–200.e6. doi: 10.1016/j.ccell.2021.12.001 

 Birgisson, H., Olafsdottir, E. J., Sverrisdottir, A., Einarsson, S., Smaradottir, A., and Tryggvadottir, L. (2021). Screening for cancer of the colon and rectum a review on incidence, mortality, cost and benefit. Laeknabladid 107, 398–405. doi: 10.17992/lbl.2021.09.65 

 Chahar, M., Rawat, K. D., Reddy, P. V. J., Gupta, U. D., Natrajan, M., Chauhan, D. S., et al. (2018). Potential of adjunctive mycobacterium w (MIP) immunotherapy in reducing the duration of standard chemotherapy against tuberculosis. Ind. J. Tub. 65, 335–344. doi: 10.1016/j.ijtb.2018.08.004 

 El-Malah, A. A., Gineinah, M. M., Deb, P. K., Khayyat, A. N., Bansal, M., Venugopala, K. N., et al. (2022). Selective COX-2 inhibitors: road from success to controversy and the quest for repurposing. Pharmaceuticals (Basel) 15:827. doi: 10.3390/ph15070827 

 Hu, S. P., Yuan, J. H., Xu, J. J., Li, X. M., Zhang, G. Y., Ma, Q. J., et al. (2019). Gang song TNF-α and IFN-γ synergistically inhibit the repairing ability of mesenchymal stem cells on mice colitis and colon cancer. Am. J. Transl. Res. 11, 6207–6220.

 Jackson, D. N., and Theiss, A. L. (2020). Gut bacteria signaling to mitochondria in intestinal inflammation and cancer. Gut Microbes 11, 285–304. doi: 10.1080/19490976.2019.1592421 

 Jelena, V., Ivan, N., Vera, T., Marko, J., and Sneana, Z. (2020). Numerika arealna gustina CD34 i CD117 imunoreaktivnih hematopoetskih elija u jetri humanog embriona i fetusa. Biomed. Istraivanja. 10, 111–117. doi: 10.7251/BII1902111V

 Jeon, H. J., Yeom, Y., Kim, Y. S., Kim, E., Shin, J. H., Seok, P. R., et al. (2018). Effect of vitamin C on azoxymethane (AOM)/dextran sulfate sodium (DSS)-induced colitis-associated early colon cancer in mice. Nutr. Res. Pract. 12, 101–109. doi: 10.4162/nrp.2018.12.2.101 

 Ji, D. G., Guan, L. Y., Luo, X., Ma, F., Yang, B., and Liu, H. Y. (2018). Inhibition of MALAT1 sensitizes liver cancer cells to 5-flurouracil by regulating apoptosis through IKKα/NF-κB pathway. Biochem. Bioph. Res. 501, 33–40. doi: 10.1016/j.bbrc.2018.04.116 

 Jia, S. N., Han, Y. B., Yang, R., and Yang, Z. C. (2022). Chemokines in colon cancer progression. Semin. Cancer Biol. 7, S1044–579X(22)00028-1. doi: 10.1016/j.semcancer.2022.02.007 

 Kitagawa, K., Hamaguchi, A., Fukushima, K., Nakano, Y., Regan, J. W., Mashimo, M., et al. (2022). Down-regulation of the expression of cyclooxygenase-2 and prostaglandin E2 by interleukin-4 is mediated via a reduction in the expression of prostanoid EP4 receptors in HCA-7 human colon cancer cells. Eur. J. Pharmacol. 920:174863. doi: 10.1016/j.ejphar.2022.174863 

 Lerner, U. H. (2020). Role of interleukins on physiological and pathological bone Resorption and bone formation: effects by cytokines in the IL-1 and IL-2 families. Encycl. Bon. Biol. 28, 45–66. doi: 10.1016/B978-0-12-801238-3.11202-4

 Li, C., Tian, W., Zhao, F., Li, M., Ye, Q., Wei, Y. Q., et al. (2019). Systemic immune-inflammation index to predict prognosis of elderly patients with newly diagnosed solid tumors. J. Clin. Oncol. 37:e14517. doi: 10.1200/JCO.2019.37.15_suppl.e14517

 Li, K. L., Wang, B. Z., Li, Z. P., Li, Y. L., and Liang, J. J. (2019). Alterations of intestinal flora and the effects of probiotics in children with recurrent respiratory tract infection. World J. Pediatr. 15, 255–261. doi: 10.1007/s12519-019-00248-0 

 Lv, C. W., Liu, Y. W., Meng, G. L., Li, J., and Ti, Z. Y. (2020). A new Er(III)-based MOF showing anti-colon cancer activity by inhibiting IL-6-STAT3 signaling pathway and reducing TNF-α and IL-1β production. J. Coord. Chem. 73, 1478–1489. doi: 10.1080/00958972.2020.1780216

 Pacal, I., Karaboga, D., Basturk, A., Akay, B., and Nalbantoglu, U. (2020). A comprehensive review of deep learning in colon cancer. Comput. Biol. Med. 126:104003. doi: 10.1016/j.compbiomed.2020.104003 

 Pelly, V. S., Moeini, A., Roelofsen, L. M., Bonavita, E., Bell, C. R., Hutton, C., et al. (2021). Anti-inflammatory drugs remodel the tumor immune environment to enhance immune checkpoint blockade efficacy. Cancer Discov. 11, 2602–2619. doi: 10.1158/2159-8290.CD-20-1815 

 Ramesh, P., Lannagan, T., Jackstadt, R., Atencia Taboada, L., Lansu, N., Wirapati, P., et al. (2021). BCL-XL is crucial for progression through the adenoma-to-carcinoma sequence of colorectal cancer. Cell Death Differ. 28, 3282–3296. doi: 10.1038/s41418-021-00816-w 

 Salvetti, E., and O’Toole, P. W. (2017). The genomic basis of lactobacilli as health-promoting organisms. Microbiol Spectr. 5, BAD-0011–2016. doi: 10.1128/microbiolspec.BAD-0011-2016 

 Schmitt, M., and Greten, F. R. (2021). The inflammatory pathogenesis of colorectal cancer. Nat. Rev. Immunol. 21, 653–667. doi: 10.1038/s41577-021-00534-x

 Shen, J., Cheng, J. Z., Zhu, S. G., Zhao, J., Ye, Q. Y., Xu, Y. Y., et al. (2019). Regulating effect of baicalin on IKK/IKB/NF-kB signaling pathway and apoptosis-related proteins in rats with ulcerative colitis. Int. J. Immunopharmacol. 73, 193–200. doi: 10.1016/j.intimp.2019.04.052 

 Shen, C. K., Huang, B. R., Yeh, W. L., Chen, C. W., Liu, Y. S., Lai, S. W., et al. (2021). Regulatory effects of IL-1β in the interaction of GBM and tumor-associated monocyte through VCAM-1 and ICAM-1. Eur. J. Clin. Pharmacol. 905:174216. doi: 10.1016/j.ejphar.2021.174216 

 Subramanya, S., Chandran, S., Almarzooqi, S., Raj, V., Aisha, A. Z., Radeya, A. K., et al. (2018). A Nutraceutical extract from Cucumaria frondosa, attenuates colonic inflammation in a DSS-induced colitis model in mice. Mar. Drugs 16, 148–152. doi: 10.3390/md16050148 

 Takayuki, O., Nobuyuki, A., Masahiro, T., Tatsuya, H., and Koji, S. (2019). Rhamnan sulfate extracted from Monostroma nitidum attenuates blood coagulation and inflammation of vascular endothelial cells. J. Nat. Medicines. 73, 614–619. doi: 10.1007/s11418-019-01289-5 

 Tang, Q., and Evans, R. M. (2021). Colon cancer checks in when bile acids check out: the bile acid-nuclear receptor axis in colon cancer. Essays Biochem. 65, 1015–1024. doi: 10.1042/EBC20210038 

 Tong, J. F., Shen, Y., Zhang, Z. H., Hu, Y., Zhang, X., and Han, L. (2019). Apigenin inhibits epithelial-mesenchymal transition of human colon cancer cells through NF-κB/snail signaling pathway. Biosci. Rep. 39, BSR20190452. doi: 10.1042/BSR20190452 

 Wahab, S., Alshahrani, M. Y., Ahmad, M. F., and Abbas, H. (2021). Current trends and future perspectives of nanomedicine for the management of colon cancer. Eur. J. Pharmacol. 910:174464. doi: 10.1016/j.ejphar.2021.174464 

 Wang, C. Z., Huang, W. H., Zhang, C. F., Wan, J. Y., Wang, Y., Yu, C., et al. (2018). Correction to: role of intestinal microbiome in American ginseng-mediated colon cancer prevention in high fat diet-fed AOM/DSS mice. Clin. Transl. Oncol. 20, 425–421. doi: 10.1007/s12094-017-1766-3 

 Wang, J. J., Tian, L. L., Khan, M. N., Zhang, L., Chen, Q., Zhao, Y., et al. (2018). Ginsenoside Rg3 sensitizes hypoxic lung cancer cells to cisplatin via blocking of NF-κB mediated epithelial–mesenchymal transition and stemness. Cancer Lett. 415, 73–85. doi: 10.1016/j.canlet.2017.11.037 

 Wang, Q., Wang, Z., Zhang, Z., Zhang, W., Zhang, M., Shen, Z., et al. (2021). Landscape of cell heterogeneity and evolutionary trajectory in ulcerative colitis-associated colon cancer revealed by single-cell RNA sequencing. Chin. J. Cancer Res. 33, 271–288. doi: 10.21147/j.issn.1000-9604.2021.02.13 

 Wang, Z., Yang, Y., Cui, Y. C., Wang, C., Lai, Z. Y., Li, Y. S., et al. (2020). Tumor-associated macrophages regulate gastric cancer cell invasion and metastasis through TGFβ2/NF-κB/Kindlin-2 axis. Chinese J. Cancer Res. 32, 72–88. doi: 10.21147/j.issn.1000-9604.2020.01.09 

 Warren, F. J., Fukuma, N. M., Mikkelsen, D., Flanagan, B. M., Williams, B. A., Lisle, A. T., et al. (2018). Food starch structure impacts gut microbiome composition. Msphere. 3, e00086–e00018. doi: 10.1128/mSphere.00086-18 

 Xiao, P., Long, X. X., Zhang, L. J., Ye, Y. N., Guo, J. C., Liu, P. P., et al. (2018). Neurotensin/IL-8 pathway orchestrates local inflammatory response and tumor invasion by inducing M2 polarization of tumor-associated macrophages and epithelial-mesenchymal transition of hepatocellular carcinoma cells. Onco. Targets. Ther. 7:e1440166. doi: 10.1080/2162402X.2018.1440166 

 Yamamoto, T., Kawada, K., and Obama, K. (2021). Inflammation-related biomarkers for the prediction of prognosis in colorectal cancer patients. Int. J. Mol. Sci. 22:8002. doi: 10.3390/ijms22158002 

 Yang, M. J., Guo, J., Ye, Y. F., Chen, S. H., Peng, L. X., Lin, C. Y., et al. (2018). Decreased macrophage inflammatory protein (MIP)-1α and MIP-1β increase the risk of developing nasopharyngeal carcinoma. Cancer Commun. 38:7. doi: 10.1186/s40880-018-0279-y 

 Yang, S. D., Zhang, X. B., Qu, H. L., Yin, X. X., and Zhao, H. M. (2019). Cabozantinib induces PUMA-dependent apoptosis in colon cancer cells via AKT/GSK-3β/NF-κB signaling pathway. Cancer Gene. 27, 368–377. doi: 10.1038/s41417-019-0098-6 

 Zhao, Y. L., Hu, X., Zuo, X., and Wang, M. (2018). Chemopreventive effects of some popular phytochemicals on human colon cancer: a review. Food Funct. 9, 4548–4568. doi: 10.1039/C8FO00850G 

 Zhao, D. W., Liu, L. J., Chen, Q., Wang, F. F., Li, Q. Y., Zeng, Q., et al. (2018). Hypoxia with Wharton's jelly mesenchymal stem cell coculture maintains stemness of umbilical cord blood-derived CD34+ cells. Curr. Stem. Cell. Res. T. 9:158. doi: 10.1186/s13287-018-0902-5 

 Zhao, H., Wu, L., Yan, G., Chen, Y., Zhou, M., Wu, Y., et al. (2021). Inflammation and tumor progression: signaling pathways and targeted intervention. Signal Transduct. Target. Ther. 6, 263–309. doi: 10.1038/s41392-021-00658-5 

 Zhou, X. Y., Chen, C. X., Zhang, Y. N., Zhao, F., Hao, Z. X., Xv, Y. X., et al. (2019). Effect and mechanism of vitamin D on the development of colorectal cancer based on intestinal flora disorder. J. Gastroen. Hepat. 35, 1023–1031. doi: 10.1111/jgh.14949 

 Zhu, Y., Zhou, Y., Zhou, X., Guo, Y. C., Huan, D. X., Zhang, J. L., et al. (2018). S100A4 suppresses cancer stem cell proliferation via interaction with the IKK/NF-κB signaling pathway. BMC Cancer 18:763. doi: 10.1186/s12885-018-4563-7 



OPS/images/fmicb-13-953905-g005.jpg
o F_=

8 uss =
o
oas
NC che  zim zmwi Ba S
s
ose
s —I—
8 o
0ss E
-
.
NC che s i BA

oot






OPS/images/fmicb-13-953905-g006.jpg
Folders of normal

Folders of normal

Folders of normal

»
o

»
S

o

B

°
o

B

°
@

e
s

rnonna

gnonnn

pnonnn

CRC
2S40H
zs40L
BLA
sD

2840L
BLA

CcRC
2840H
2840L
BLA

B

Folders of normal
3

s

Folders of normal
5 5 @ 5 &

s
s

rrontnt

gnonnin

2840-H
2840L
BLA





OPS/images/fmicb-13-953905-g003.jpg
1.0

0.8

0.6

0.2

0.0+

BLA

SD





OPS/images/fmicb-13-953905-g004.jpg
score

Gt
Mk
® oé‘«?,g‘é‘s PO





OPS/images/fmicb-13-953905-M2.jpg
Survivalrate = 3hnumber of viable probiotic
/ Ohnumberof viableprobioticx100% 2





OPS/images/fmicb-13-953905-g007.jpg
TNF-a

IL-1
TNF-a

IxBa

P65

Folders of normal
&
n
Folders of normal

Cox-2

Actin

IkBa P65 Cox-2

2 ab ab

Folders of normal
Folders of normal
Folders of normal






OPS/images/fmicb-13-953905-M1.jpg
Bilesalt tolerance = A1/ A0x100%

(1)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effect of Lactobacillus fermentum ZS40 on the NF-κB signaling pathway in an azomethane-dextran sulfate sodium-induced colon cancer mouse model



		Introduction



		Materials and methods



		Strain culture



		In vitro resistance of probiotic



		Experimental animals



		Colon morphology observation



		Colon pathological observation



		Serum enzyme-linked immunosorbent assay (Elisa)



		Real-time fluorescence quantitative PCR



		Western blot analysis



		Data analysis









		Results



		Viability of probiotics



		Effect of probiotic samples on body weight



		Effect of probiotic samples on colon morphology



		Effect of probiotics samples on serum indexes



		Effect of probiotic samples on colon tissue



		Effect of probiotic samples on expression of tumor markers



		Effect of probiotic samples on mRNA



		Expression of key proteins in the NF-κB signaling pathway









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



















OPS/images/fmicb-13-953905-g001.jpg
NC: 0.9% Nacl
CRC: 0.9% Nacl

Intervene: 200 pliday | ZS40-H: 10" CFUZS40
ZS40-L: 10°CFU ZS40
BLA: 10" CFU Bulgarian bacteria
SD: 2.5% Sulfapyridine

- B
! ! 7 days q@ 7 days ! ! induced model 7 days g&

ndnpmiion movm

0 week 1 week 2" week @ 12 week 13" week

s—.@ :.&5 - ﬁ P
Aonaomgry
/ 3 cycles

schematic diagram of induced colon cancer model





OPS/images/fmicb-13-953905-g002.jpg
week

— NC

ZS40H
zs40L





OPS/images/fmicb-13-953905-t001.jpg
IL-1B (pg/ml) IL-8 (pg/ml) TNF-a (pg/ml) MIP-1 (pg/ml) VCAM-1 (pg/ml)

NC 226754132 242745 1.46° 162,356+ 15.04° 52094037 92.830£6.75°
CRC 30.6974295" 34.750£2.78° 257.238£19.32" 8.113£050" 143.874£15.11°
2540-H 24432£108° 254364122 202718£1576" 5.665+0.69" 94.332£7.11¢
Z540-1. 26.069+1.22" 26.661£1.71 212,658+ 13.28" 7.618£038" 129738 14,81
BLA 26,639+ 146" 27.681£1.36" 209.094:+17.04" 7.678£0.62" 119048 11,73
SD 26,058+ 1.85" 24,650+139° 193.632421.78 6106042 100.738:+6.36°

Values are mean  standard deviation (N'= 10/group).

“Mean values with different etters over the same colamn are significantly different (p<0.05) according to Duncan’s multiple range test. NC, normal untreated mice; CRC, colon cancer
model mice induced with AOM-DSS; Z540-H, mice treated with high-dose Lactobacillus fermentum Z$40 (10" CEU); Z840-L, mice treated with low-dose Lactabacillus fermentum 2540
(10" CFU); BLA, mice treated with Bulgarian strain (10" CEU); SD, mice treated with sulfasalazine (25%); IL-1, interleukin 15 IL-8, interleukin & TNF-c, tumor necrosis factor-as
MIP-1§, macrophage inflammatory protein 15 VC.

vascular endothelial cell adhesion molecule 1






OPS/images/cover.jpg
, frontiers | Frontiers in Microbiology

Effect of Lactobacillus
fermentum ZS40 on the NF-«kB
signaling pathway in an
azomethane-dextran sulfate
sodium-induced colon cancer
mouse model









OPS/images/crossmark.jpg
(®) Check for updates






OPS/images/logo.jpg
’ frontiers Frontiers in Microbiology





