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Abstract

:

There has been increasing evidence that a local inflammatory response stimulates tumor cells to acquire metastatic potential, and the concept of inflammatory oncotaxis has been spreading in recent years. However, the interaction between microbial inflammation and the development of gastrointestinal cancer is still unclear. This review summarizes the present knowledge on the role of microbial inflammation in the development of gastrointestinal cancers from the perspective of molecular biological findings. Chronic inflammation caused by bacterial infection is known to induce cancers as exemplified by Helicobacter pylori, which is associated with the development of gastric cancer via the activation of the TLR4 pathway by bacterial lipopolysaccharide followed by cancer growth through CagA-MET signaling. In addition, the development of inflammatory bowel diseases has been known to become a risk factor for colorectal cancers, where inflammation caused by certain bacterial infections plays a key role. It is also known that the cancer microenvironment is associated with cancer growth. Moreover, infectious complication after surgery for gastrointestinal cancers may promote tumor progression via the stimulation of pathogen-associated molecular patterns and various inflammatory mediators secreted by immunocytes. Further research on the link between microbial inflammation and cancer progression is needed to drive a paradigm shift in cancer treatment.
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1. Introduction


Previous reports suggested that a persistent local inflammatory response stimulated tumor cells to acquire metastatic potential, and the concept of inflammatory oncotaxis has been spreading in recent years [1,2,3,4,5,6]. When local inflammation occurs, peripheral blood monocytes migrate to the site of inflammation, differentiate into macrophages, and produce various bioactive mediators which affect the growth and invasive capacity of tumor cells. Macrophages that exist in tumor tissues are called tumor-associated macrophages (TAMs), which have quite different activities from tissue-resident macrophages. TAMs produce many bioactive substances such as tissue growth factors, e.g., IL-6, TNFα, angiogenic factors, matrix metalloproteases (MMPs), and immunosuppressive factors, all of which are involved in cancer growth and metastasis. In addition, HGF is known to be produced after surgical stress and sepsis [7]. Molecular targeted therapeutics such as anti-EGFR, anti-VEGF, and PD-1/PD-L1 antibodies have been clinically applied in many carcinomas to inhibit angiogenesis and immune checkpoint functions, respectively [8,9,10,11]. The inhibition of MMPs may suppress cancer growth, angiogenesis, and extramedullary mobilization of bone marrow-derived cells [12]. Thus, it has been demonstrated that the host immune system is involved in tumor progression under the influence of inflammation, thereby attempts at clinical applications are underway. Conversely speaking, an increase in systemic inflammatory response is associated with poor long-term prognosis in many carcinomas [13,14]. The elevation of serum C-reactive protein levels is known to influence the production of inflammatory cytokines, and the state of high C-reactive proteins is associated with a higher mortality rate in people with gastrointestinal cancers [15]. In addition, the number of neutrophils in the blood circulation are also reflected in neutrophils infiltrating inside the tumor [16,17] Neutrophils in the tumor microenvironment is known to release various cytokines and chemokines [18]. Increased neutrophil counts as the result of myeloid cell recruitment and ectopic colony-stimulating factor production can result in inflammatory cell infiltration in the local tumor area followed by production of inflammatory cytokines.



When considering the mechanisms of cancer progression and metastasis under inflammatory conditions, it is essential to analyze the relationship between molecular changes associated with inflammatory microenvironment and how cancers are affected by them (Figure 1). Here in this review, we summarized current knowledge on the role of microbial inflammation in the progression and metastasis of gastrointestinal cancers with special reference to our latest findings.




2. Microbial Infection-Induced Gastrointestinal Cancers


Since Virchow reported the infiltration of leukocytes in cancerous tissues, numerous studies have been conducted on the relationship between cancer and inflammation [19]. It is said that infectious agents contribute to the etiology of about 15% of total gastrointestinal cancers and that chronic inflammation is a major component of infection-induced carcinogenesis [19]. In this section, factors directly linked to the development of gastrointestinal cancer were discussed.



2.1. Gastric Cancer


The microbial inflammatory response due to Helicobacter pylori infection is one of the best-understood models in the development of gastric cancer [20]. It is well known that patients who become infected with H. pylori and have typical histologic findings such as severe gastric atrophy are at high risk of gastric cancer [21,22]. H. pylori infection causes abnormal DNA methylation in gastric epithelial cells, which is also associated with high risk of carcinogenesis [23,24]. It is known that infection with H. pylori results in the activation of NF-κB pathway in myeloid cells that assists gastric epithelia in stimulating tumor progression and development [25]. H. pylori, microaerophilic Gram-negative bacteria possess lipopolysaccharides (LPS) in their cell wall and actively grow not only on gastric epithelial cells but also on gastric cancer cells. Toll-like receptor 4 (TLR4), a receptor for its ligand LPS, is more expressed in H. pylori-infected gastric epithelium than in non-infected epithelium [26]. Furthermore, it has been proven that H. pylori LPS promotes the proliferation of gastric cancer cells via the TLR4 pathway [26]. Similarly, it has been reported that the activation of TLR9 pathway and its expression via the cag pathogenicity island is directly related to gastric cancer risk [27]. Moreover, in gastric cancer associated with H. pylori infection, patients with MET-positive tumors were found to have a poorer prognosis than those with MET-negative disease [28]. MET is a receptor-type tyrosine kinase with multifaceted effects, including cell migration, survival, and proliferation, and has HGF as an endogenous ligand [29]. Therefore, HGF-MET signaling regulates cancer proliferation and invasion in the primary sites as well as subsequent growth in the metastatic lesions [30]. In MET-positive gastric cancer cell lines, H. pylori infection upregulates MET phosphorylation, and its downstream signals, such as p44/42 MAPK and Akt, are activated and confer gastric cancer cells upon proliferation and anti-apoptotic activities [28]. However, certain Lactobacillus species, including L. reuteri, L. johnsonii, and L. murinus, reportedly inhibit the growth of H. pylori in vitro and are symbiotic [31,32]. Experiments in mice have shown that gastric cancer is not caused by H. pylori alone but requires specific symbiotic bacteria, thereby playing a coordinated role in the process [33,34].



In addition, Epstein–Barr virus (EBV) has been reported to be involved in the development of 8–10% of gastric cancer [35,36]. EBV is a widespread pathogen to humans, which often causes several types of malignant lymphomas and nasopharyngeal carcinoma. Genes from EBV such as LMP-1 stimulate NF-kB signaling through the activation of TNF-receptor associated factors (TRAF) and constitutively activate cell proliferation signals and other latent membrane proteins playing important roles for activating Akt and ERK signals, which enhance cell survival. However, these signals are mainly involved in the progression of lymphomas. By contrast, EBV-nuclear antigens, especially EBNA1, suppress p53 dependent apoptosis and promote cell division of DNA damaged gastric epithelial cells, thereby resulting in the development of gastric cancer [36,37]. EBV genes have been known so far to activate oncogenic signaling pathways such as NF-κB, JNK, JAK/STAT, and PI3K/Akt [38]. In addition, a recent report has implied that EBV-associated gastric cancer cells with expressing PD-L1 suppressed T-cell proliferation and that the IFN-γ signaling pathway is involved in this expression of PD-L1 [39]. Therefore, EBV-associated gastric cancer may be a suitable target for immunoinhibitory checkpoint molecule [39].




2.2. Esophageal Cancer


Although the relationship between microbial inflammation and carcinogenesis of esophageal cancer remains unknown, there has been an increasing evidence of the involvement of human papillomavirus (HPV) infection in esophageal cancer [40]. HPV is a non-enveloped DNA virus which belongs to the papillomaviridae. HPV has over 100 genotypes; in particular, infections with HPV16 and HPV18 are well known to be the risk factor of squamous cell carcinomas such as cervical cancer, head and neck cancer, and anogenital tract cancer [41,42,43]. Research on the role of HPV in esophageal cancer mainly revealed the changes in cell cycle related genes and proteins such as p53 and p16 [44,45,46]. However, the molecular pathogenesis of esophageal cancer related to HPV infection still remains unclear in many aspects. One possibility is that E6 protein of HPV16 may promote the tumorigenesis of esophageal cancer via downregulating miR-125b expression, which results in the activation of Wnt/β-catenin signaling pathway [47]. Since studies about HPV in esophageal cancer have been increasing steadily, the elucidation of molecular biological mechanisms in this area is anticipated.



The development of esophageal cancer in the context of esophagitis is a good example of understanding the relationship between chronic and microbial inflammation. It is known that the normal esophageal flora is rich in Streptococcus viridans, a Gram-positive bacterium [48]. However, the fact that the microbiome of reflux esophagitis and Barrett’s metaplasia, a precursor condition to esophageal adenocarcinoma, has changed from being a predominantly Gram-positive to a mostly Gram-negative bacterial flora suggests that dysbiosis contributes to its pathogenesis [49]. LPS from Gram-negative bacteria can trigger the gene expression of proinflammatory cytokines via the activation of TLR4 and the downstream NF-kB pathways [50]. Dysbiosis in esophagitis might be associated with the cancer progression-related cytokine expression [51].




2.3. Colorectal Cancer


Colorectal cancer in inflammatory bowel diseases is considered one of the typical examples of inflammation-related cancers in which the epithelial microenvironment affects their growth capability.



First, the pattern of the bacterial flora on the colonic mucosa is suggested to be an important factor responsible for the persistence and aggravation of ulcerative colitis [52]. In inflammatory bowel diseases, the proportion of Proteobacteria containing several expression pathogenic bacteria tends to increase, whereas the phylum Firmicutes containing probiotics decreases in general [53]. For example, in patients with ulcerative colitis, Fusobacterium varium invading the host cells increases inflammatory cytokine, including IL-8 and TNF-α production [54]. It is well known that the risk of carcinogenesis in ulcerative colitis increases with the duration of exposure to inflammation [55]. Likewise, it is known that microbiome in patients with Crohn’s disease is different from that in healthy individuals. The relative amount of Bacteroidetes and Escherichia coli increased and Firmicutes decreased in Crohn’s disease [56].



Second, the pattern of bacterial flora on the colonic mucosa is also suggested to be an important factor responsible for developing colorectal cancer [57]. The role of Fusobacterium nucleatum, a Gram-negative anaerobic bacillus known as oral commensal bacterium, has received particular attention as a cancer-related member of the microbiota. A comprehensive DNA and RNA analysis showed that F. nucleatum over-representation is shown in colorectal cancer tissues relative to healthy tissues [58,59]. F. nucleatum detected in colorectal cancer has been shown to originate from the oral microbiome [60,61]. Moreover, F. nucleatum abundance is associated with a poorer prognosis and cancer recurrence of colorectal cancer due to resistance to chemotherapy [62,63]. It was reported that F. nucleatum activates TLR4 signaling and NF-kB and upregulates the expression of microRNA-21, resulting in their increased proliferation and invasive activity in colorectal cancer [64]. Moreover, specific TLRs, including TLR4, TLR5, TLR7, and TLR8, are known to be expressed in colon cancers [65]. Likewise, numerous solid cancer cell types also express TLRs, and both cancer TLRs and host-tissue TLRs activated by microbial infection augment cancer cell metastatic ability [66]. F. nucleatum also reportedly promotes colorectal cancer via the Wnt/β-catenin signaling [67,68]. Fecal F. nucleatum could be evaluated by quantitative PCR to improve the clinical utility of the fecal immunochemical test [69].



In addition, certain E. coli could be associated with colorectal cancer. E. coli with the polyketide synthase genotoxic island produces colibactin, causing cellular DNA damage and promoting carcinogenesis [70,71]. An attempt to detect colibactin-producing E. coli to diagnose colorectal cancer has been reported [72,73]. Colibactin-related colonic epithelial cell DNA damage reportedly results in tumor induction in patients with familial adenomatous polyposis [74]. Therefore, microbial inflammation also plays an important role in colorectal cancer carcinogenesis, and it could be a potential target for the treatment and prevention of colorectal cancer.





3. Interaction between Inflammation and Microenvironment


The microenvironment surrounding cancer stem cells is metabolically, functionally, and immunologically heterogeneous, which makes the treatment of diseases less effective by a simple standardized approach [75]. The stroma provides the microenvironment for cancer cells to promote differentiation into malignant forms called epithelial-mesenchymal transition (EMT) and tumor angiogenesis, which is essential for tumor nourishment. In particular, the mechanisms by which the mesenchymal stroma, composed of myofibroblasts such as cancer associated fibroblasts (CAFs), promotes cancer invasion and metastasis have been well studied [76,77]. Inflammatory mediators secreted by CAFs such as SDF-1, MCP-1/CCL2, IL-β, and RANTES/CCL5 induce immunosuppressive cells including myeloid-derived suppressor cells (MDSCs), regulatory T cells (Tregs), and tumor-associated macrophages (TAMs). Those cells play a key role to help cancer cells evade cytotoxic effects by NK cells and other immunocytes. Furthermore, CAFs produce a variety of humoral factors including HGF and PDGF-C, which activate tyrosine kinase signaling in neighboring cancer cells, thereby suppressing their sensitivity toward molecular targeted drugs against EGFR, BRAF, and VEGF [78,79,80]. In addition, healthy epithelial cells surrounding tumor cells might provide CAFs by inducing EMT in response to stimuli from the microenvironment [81,82].



The relationship between infectious inflammation and CAFs is not clear; however, it was reported that H. pylori infection activated VCAM-1 expression of CAFs in gastric carcinoma via the activation of JAK/STAT1 signaling pathway [83]. VCAM-1 is known to be induced by TLRs and proinflammatory cytokines and is related to cancer progression and metastasis of several cancer types [83]. Investigating the relationship between CAFs and inflammation caused by H. pylori may result in further research on gastric cancer and H. pylori.




4. Infectious Inflammation and Metastasis


Metastasis is the main character of malignant tumors in humans and is significantly associated with cancer death [84]. The multi-step process of cancer metastasis can be divided into the following two stages: The first stage is that cancer cells begin scattering from the primary tumor and invade the blood vessels, and the second stage includes adhesion to vascular endothelium and proliferation in the metastatic organ. The former requires the destabilization of epithelial cell–cell adhesion by reduced E-cadherin expression and MMP enzyme activity, thereby degrading collagen and other proteinous substances in the membrane and stroma [85,86]. The latter first requires the role of intercellular adhesion molecules, such as selectins and integrins, and then requires the aid of growth factors, including HGF and TGF-α, angiogenic factors such as VEGF, and local immunity [87]. Integrins are necessary for both tumor invasion and angiogenesis [88]. Certain integrins form signaling pathways with oncogenic receptor tyrosine kinases, including Met, EGFR, and HER2 [88,89]. VEGF enhances the expression and activation of several integrins, which induce angiogenesis [90]. Recently, the role of the tumor microenvironment is receiving attention on how inflammatory cells are composed and how it affects cancer growth by resembling chronic inflammation [91].



Although the most radical treatment for gastrointestinal cancer is surgical resection, the surgery itself is invasive, thereby causing severe inflammation and postoperative infectious complications such as anastomosis leakage, intra-abdominal abscess, and local infection at significant frequency. It has been suggested that these infectious complications not only affect the short-term postoperative outcome but also worsen the long-term prognosis. In fact, in many carcinomas, including esophageal, gastric, and colorectal cancers, patients who developed infectious complications after surgery showed significantly poorer long-term post-operative outcomes than those who did not [92,93,94]. By using animal models, we have previously reported that abdominal infection suppressed intrahepatic NK cell function and promoted liver metastases [95]. There has been accumulating knowledge that microbial pathogen-associated molecular patterns directly promote cancer progression [96]. Infectious complications stimulate the production of multiple mediators such as inflammatory cytokines and chemokines, and the complex involvement of those mediators is said to trigger a biological response in patients [97,98,99,100]. The overexpression of IL-10 and TGF-β associated with decreased IFN-γ and IL-12 production can reduce host tumor immunity and indirectly promote tumor growth [101,102]. Some cytokines/chemokines such as TNF-α, IL-18, and RANTES have been reported to be directly involved in tumor growth via the stimulation of their receptors expressed on the tumor cells [103]. Thus, inflammatory and immune responses in the patients are often associated with cancer growth, but infectious inflammation induced by postoperative complications is also associated with tumor progression [104]. Furthermore, we have found that the HGF/c-MET cascade was involved in liver metastasis formation by using a peritonitis animal model [105]. In the acute lung injury and pneumonia models, however, the involvement of HGF/c-MET was not obvious, and cell adhesion molecules such as ICAM-1 and E-selectin might rather be involved in lung metastasis [106]. These results demonstrated that the metastasis of tumor cells might be promoted through different mechanisms in different organs. Further elucidation of the mechanism of organ-specific tumor growth enhanced by infectious complications will result in new therapeutic strategies in each metastatic organ.




5. Future Perspective


The development of immune checkpoint inhibitors for cancer treatment has brought a paradigm shift in anti-cancer strategies. Therefore, precise and accurate understanding of host immunity and inflammatory complications associated with cancer is becoming more and more important. On the one hand, the suppression of the production of cytokines and chemokines in the cancer microenvironment, which plays a key role in cancer immunity, may also be an important therapeutic option in the future. On the other hand, the relationship between microbial inflammation and tumor microenvironment still remains unclear; thus, we still have many questions left to be answered, such as why infectious complications bring increased resistance to the treatment with molecular targeted drugs.







Author Contributions


Conceptualization, K.K., H.T., and N.S.; writing—original draft preparation, K.K.; writing—review and editing, H.T., N.S., Y.K., and H.U.; project administration, N.S.; funding acquisition, K.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


No new data were created or analyzed in this study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



DerHagopian, R.P.; Sugarbaker, E.V.; Ketcham, A. Inflammatory oncotaxis. JAMA 1978, 240, 374–375. [Google Scholar] [CrossRef]

	



Progress in the federal medical services. Mil. Med. 1971, 136, 657–682. [CrossRef]

	



Hihara, J.; Hirai, T.; Yamashita, Y.; Yoshida, K.; Kuwahara, M.; Kagawa, Y.; Toge, T. Poor prognosis in esophageal cancer patients with post-operative complications: Surgical oncotaxis. Dis. Esophagus 1999, 12, 152–154. [Google Scholar] [CrossRef] [PubMed]

	



Hirai, T.; Matsumoto, H.; Kubota, H.; Yamaguchi, Y. Regulating surgical oncotaxis to improve the outcomes in cancer patients. Surg. Today 2014, 44, 804–811. [Google Scholar] [CrossRef]

	



Hirai, T.; Matsumoto, H.; Yamashita, K.; Urakami, A.; Iki, K.; Yamamura, M.; Tsunoda, T. Surgical oncotaxis—Excessive surgical stress and postoperative complications contribute to enhancing tumor metastasis, resulting in a poor prognosis for cancer patients. Ann. Thorac. Cardiovasc. Surg. 2005, 11, 4–6. [Google Scholar] [PubMed]

	



Walter, N.D.; Rice, P.L.; Redente, E.F.; Kauvar, E.F.; Lemond, L.; Aly, T.; Wanebo, K.; Chan, E.D. Wound healing after trauma may predispose to lung cancer metastasis: Review of potential mechanisms. Am. J. Respir. Cell Mol. Biol. 2011, 44, 591–596. [Google Scholar] [CrossRef]

	



Sekine, K.; Fujishima, S.; Aikawa, N. Plasma hepatocyte growth factor is increased in early-phase sepsis. J. Infect. Chemother. 2004, 10, 110–114. [Google Scholar] [CrossRef] [PubMed]

	



Jonker, D.J.; O’Callaghan, C.J.; Karapetis, C.S.; Zalcberg, J.R.; Tu, D.; Au, H.J.; Berry, S.R.; Krahn, M.; Price, T.; Simes, R.J.; et al. Cetuximab for the treatment of colorectal cancer. N. Engl. J. Med. 2007, 357, 2040–2048. [Google Scholar] [CrossRef] [PubMed]

	



Hurwitz, H.; Fehrenbacher, L.; Novotny, W.; Cartwright, T.; Hainsworth, J.; Heim, W.; Berlin, J.; Baron, A.; Griffing, S.; Holmgren, E.; et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N. Engl. J. Med. 2004, 350, 2335–2342. [Google Scholar] [CrossRef] [PubMed]

	



Kang, Y.K.; Boku, N.; Satoh, T.; Ryu, M.H.; Chao, Y.; Kato, K.; Chung, H.C.; Chen, J.-S.; Muro, K.; Kang, W.K.; et al. Nivolumab in patients with advanced gastric or gastro-oesophageal junction cancer refractory to, or intolerant of, at least two previous chemotherapy regimens (ONO-4538-12, ATTRACTION-2): A randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2017, 390, 2461–2471. [Google Scholar] [CrossRef]

	



Shitara, K.; Özgüroğlu, M.; Bang, Y.J.; Di Bartolomeo, M.; Mandalà, M.; Ryu, M.H.; Fornaro, L.; Olesiński, T.; Caglevic, C.; Chung, H.C.; et al. Pembrolizumab versus paclitaxel for previously treated, advanced gastric or gastro-oesophageal junction cancer (KEYNOTE-061): A randomised, open-label, controlled, phase 3 trial. Lancet 2018, 392, 123–133. [Google Scholar] [CrossRef]

	



Coussens, L.M.; Fingleton, B.; Matrisian, L.M. Matrix metalloproteinase inhibitors and cancer: Trials and tribulations. Science 2002, 295, 2387–2392. [Google Scholar] [CrossRef]

	



Dolan, R.D.; Lim, J.; McSorley, S.T.; Horgan, P.G.; McMillan, D.C. The role of the systemic inflammatory response in predicting outcomes in patients with operable cancer: Systematic review and meta-analysis. Sci. Rep. 2017, 7, 16717. [Google Scholar] [CrossRef] [PubMed]

	



Bowen, R.C.; Little, N.A.B.; Harmer, J.R.; Ma, J.; Mirabelli, L.G.; Roller, K.D.; Breivik, A.M.; Signor, E.; Miller, A.B.; Khong, H.T. Neutrophil-to-lymphocyte ratio as prognostic indicator in gastrointestinal cancers: A systematic review and meta-analysis. Oncotarget 2017, 8, 32171–32189. [Google Scholar] [CrossRef]

	



Shrotriya, S.; Walsh, D.; Bennani-Baiti, N.; Thomas, S.; Lorton, C. C-Reactive Protein is an Important Biomarker for Prognosis Tumor Recurrence and Treatment Response in Adult Solid Tumors: A Systematic Review. PLoS ONE 2015, 10, e0143080. [Google Scholar] [CrossRef]

	



Rosales, C. Neutrophil: A Cell with Many Roles in Inflammation or Several Cell Types? Front. Physiol. 2018, 9, 113. [Google Scholar] [CrossRef]

	



Wu, L.; Saxena, S.; Singh, R.K. Neutrophils in the Tumor Microenvironment. Adv. Exp. Med. Biol. 2020, 1224, 1–20. [Google Scholar] [CrossRef] [PubMed]

	



Coffelt, S.B.; Wellenstein, M.D.; de Visser, K.E. Neutrophils in cancer: Neutral no more. Nat. Rev. Cancer 2016, 16, 431–446. [Google Scholar] [CrossRef]

	



Balkwill, F.; Mantovani, A. Inflammation and cancer: Back to Virchow? Lancet 2001, 357, 539–545. [Google Scholar] [CrossRef]

	



Selgrad, M.; Malfertheiner, P.; Fini, L.; Goel, A.; Boland, C.R.; Ricciardiello, L. The role of viral and bacterial pathogens in gastrointestinal cancer. J. Cell Physiol. 2008, 216, 378–388. [Google Scholar] [CrossRef] [PubMed]

	



Uemura, N.; Okamoto, S.; Yamamoto, S.; Matsumura, N.; Yamaguchi, S.; Yamakido, M.; Taniyama, K.; Sasaki, N.; Schlemper. R.J. Helicobacter pylori infection and the development of gastric cancer. N. Engl. J. Med. 2001, 345, 784–789. [Google Scholar] [CrossRef]

	



Parsonnet, J.; Friedman, G.D.; Vandersteen, D.P.; Chang, Y.; Vogelman, J.H.; Orentreich, N.; Sibley, R.K. Helicobacter pylori infection and the risk of gastric carcinoma. N. Engl. J. Med. 1991, 325, 1127–1131. [Google Scholar] [CrossRef] [PubMed]

	



Maeda, M.; Nakajima, T.; Oda, I.; Shimazu, T.; Yamamichi, N.; Maekita, T.; Asada, K.; Yokoi, C.; Ando, T.; Yoshida, T.; et al. High impact of methylation accumulation on metachronous gastric cancer: 5-Year follow-up of a multicentre prospective cohort study. Gut 2017, 66, 1721–1723. [Google Scholar] [CrossRef] [PubMed]

	



Ito, N.; Tsujimoto, H.; Ueno, H.; Xie, Q.; Shinomiya, N. Helicobacter pylori-Mediated Immunity and Signaling Transduction in Gastric Cancer. J. Clin. Med. 2020, 9, 3699. [Google Scholar] [CrossRef] [PubMed]

	



Karin, M.; Lawrence, T.; Nizet, V. Innate immunity gone awry: Linking microbial infections to chronic inflammation and cancer. Cell 2006, 124, 823–835. [Google Scholar] [CrossRef] [PubMed]

	



Chochi, K.; Ichikura, T.; Kinoshita, M.; Majima, T.; Shinomiya, N.; Tsujimoto, H.; Kawabata, T.; Sugasawa, H.; Ono, S.; Seki, S.; et al. Helicobacter pylori augments growth of gastric cancers via the lipopolysaccharide-toll-like receptor 4 pathway whereas its lipopolysaccharide attenuates antitumor activities of human mononuclear cells. Clin. Cancer Res. 2008, 14, 2909–2917. [Google Scholar] [CrossRef]

	



Varga, M.G.; Shaffer, C.L.; Sierra, J.C.; Suarez, G.; Piazuelo, M.B.; Whitaker, M.E.; Romero-Gallo, J.; Krishna, U.S.; Delgado, A.; Gomez, M.A.; et al. Pathogenic Helicobacter pylori strains translocate DNA and activate TLR9 via the cancer-associated cag type IV secretion system. Oncogene 2016, 35, 6262–6269. [Google Scholar] [CrossRef]

	



Sakamoto, N.; Tsujimoto, H.; Takahata, R.; Cao, B.; Zhao, P.; Ito, N.; Shimazaki, H.; Ichikura, T.; Hase, K.; Woude, G.F.V.; et al. MET4 expression predicts poor prognosis of gastric cancers with Helicobacter pylori infection. Cancer Sci. 2017, 108, 322–330. [Google Scholar] [CrossRef]

	



Bottaro, D.P.; Rubin, J.S.; Faletto, D.L.; Chan, A.M.; Kmiecik, T.E.; Vande Woude, G.F.; Aaronson, S.A. Identification of the hepatocyte growth factor receptor as the c-met proto-oncogene product. Science 1991, 251, 802–804. [Google Scholar] [CrossRef]

	



Birchmeier, C.; Birchmeier, W.; Gherardi, E.; Vande Woude, G.F. Met, metastasis, motility and more. Nat. Rev. Mol. Cell Biol. 2003, 4, 915–925. [Google Scholar] [CrossRef]

	



Zaman, C.; Osaki, T.; Hanawa, T.; Yonezawa, H.; Kurata, S.; Kamiya, S. Analysis of the microbial ecology between Helicobacter pylori and the gastric microbiota of Mongolian gerbils. J. Med. Microbiol. 2014, 63, 129–137. [Google Scholar] [CrossRef]

	



Delgado, S.; Leite, A.M.; Ruas-Madiedo, P.; Mayo, B. Probiotic and technological properties of Lactobacillus spp. strains from the human stomach in the search for potential candidates against gastric microbial dysbiosis. Front. Microbiol. 2014, 5, 766. [Google Scholar] [CrossRef] [PubMed]

	



Lofgren, J.L.; Whary, M.T.; Ge, Z.; Muthupalani, S.; Taylor, N.S.; Mobley, M.; Potter, A.; Varro, A.; Eibach, D.; Suerbaum, S.; et al. Lack of commensal flora in Helicobacter pylori-infected INS-GAS mice reduces gastritis and delays intraepithelial neoplasia. Gastroenterology 2011, 140, 210–220. [Google Scholar] [CrossRef]

	



Lertpiriyapong, K.; Whary, M.T.; Muthupalani, S.; Lofgren, J.L.; Gamazon, E.R.; Feng, Y.; Ge, Z.; Wang, T.C.; Fox, J.G. Gastric colonisation with a restricted commensal microbiota replicates the promotion of neoplastic lesions by diverse intestinal microbiota in the Helicobacter pylori INS-GAS mouse model of gastric carcinogenesis. Gut 2014, 63, 54–63. [Google Scholar] [CrossRef] [PubMed]

	



Van Cutsem, E.; Sagaert, X.; Topal, B.; Haustermans, K.; Prenen, H. Gastric cancer. Lancet 2016, 388, 2654–2664. [Google Scholar] [CrossRef]

	



Chen, X.Z.; Chen, H.; Castro, F.A.; Hu, J.K.; Brenner, H. Epstein-Barr virus infection and gastric cancer: A systematic review. Medicine 2015, 94, e792. [Google Scholar] [CrossRef] [PubMed]

	



Ishii, H.H.; Gobe, G.C.; Yoneyama, J.; Mukaide, M.; Ebihara, Y. Role of p53, apoptosis, and cell proliferation in early stage Epstein-Barr virus positive and negative gastric carcinomas. J. Clin. Pathol. 2004, 57, 1306–1311. [Google Scholar] [CrossRef]

	



Wang, L.W.; Jiang, S.; Gewurz, B.E. Epstein-Barr Virus LMP1-Mediated Oncogenicity. J. Virol. 2017, 91. [Google Scholar] [CrossRef]

	



Sasaki, S.; Nishikawa, J.; Sakai, K.; Iizasa, H.; Yoshiyama, H.; Yanagihara, M.; Shuto, T.; Shimokuri, K.; Kanda, T.; Suehiro, Y.; et al. EBV-associated gastric cancer evades T-cell immunity by PD-1/PD-L1 interactions. Gastric Cancer 2019, 22, 486–496. [Google Scholar] [CrossRef]

	



Li, X.; Gao, C.; Yang, Y.; Zhou, F.; Li, M.; Jin, Q.; Gao, L. Systematic review with meta-analysis: The association between human papillomavirus infection and oesophageal cancer. Aliment. Pharmacol Ther. 2014, 39, 270–281. [Google Scholar] [CrossRef]

	



de Sanjose, S.; Quint, W.G.; Alemany, L.; Geraets, D.T.; Klaustermeier, J.E.; Lloveras, B.; Tous, S.; Felix, A.; Bravo, L.E.; Shin, H.-R.; et al. Human papillomavirus genotype attribution in invasive cervical cancer: A retrospective cross-sectional worldwide study. Lancet Oncol. 2010, 11, 1048–1056. [Google Scholar] [CrossRef]

	



Gillison, M.L.; Koch, W.M.; Capone, R.B.; Spafford, M.; Westra, W.H.; Wu, L.; Zahurak, M.L.; Daniel, R.W.; Viglione, M.; Symer, D.E.; et al. Evidence for a causal association between human papillomavirus and a subset of head and neck cancers. J. Natl. Cancer Inst. 2000, 92, 709–720. [Google Scholar] [CrossRef] [PubMed]

	



Tilston, P. Anal human papillomavirus and anal cancer. J. Clin. Pathol. 1997, 50, 625–634. [Google Scholar] [CrossRef] [PubMed]

	



Yao, W.; Qin, X.; Qi, B.; Lu, J.; Guo, L.; Liu, F.; Liu, S.; Zhao, B. Association of p53 expression with prognosis in patients with esophageal squamous cell carcinoma. Int. J. Clin. Exp. Pathol. 2014, 7, 7158–7163. [Google Scholar] [PubMed]

	



Chang, F.; Syrjänen, S.; Syrjänen, K. Implications of the p53 tumor-suppressor gene in clinical oncology. J. Clin. Oncol. 1995, 13, 1009–1022. [Google Scholar] [CrossRef]

	



Sturm, I.; Petrowsky, H.; Volz, R.; Lorenz, M.; Radetzki, S.; Hillebrand, T.; Wolff, G.; Hauptmann, S.; Dörken, B.; Daniel, P.T. Analysis of p53/BAX/p16(ink4a/CDKN2) in esophageal squamous cell carcinoma: High BAX and p16(ink4a/CDKN2) identifies patients with good prognosis. J. Clin. Oncol. 2001, 19, 2272–2281. [Google Scholar] [CrossRef]

	



Zang, B.; Huang, G.; Wang, X.; Zheng, S. HPV-16 E6 promotes cell growth of esophageal cancer via downregulation of miR-125b and activation of Wnt/β-catenin signaling pathway. Int. J. Clin. Exp. Pathol. 2015, 8, 13687–13694. [Google Scholar]

	



Gagliardi, D.; Makihara, S.; Corsi, P.R.; Viana Ade, T.; Wiczer, M.V.; Nakakubo, S.; Mimica, L.M.J. Microbial flora of the normal esophagus. Dis. Esophagus 1998, 11, 248–250. [Google Scholar] [CrossRef]

	



Yang, L.; Chaudhary, N.; Baghdadi, J.; Pei, Z. Microbiome in reflux disorders and esophageal adenocarcinoma. Cancer J. 2014, 20, 207–210. [Google Scholar] [CrossRef]

	



Yang, L.; Francois, F.; Pei, Z. Molecular pathways: Pathogenesis and clinical implications of microbiome alteration in esophagitis and Barrett esophagus. Clin. Cancer Res. 2012, 18, 2138–2144. [Google Scholar] [CrossRef] [PubMed]

	



Blackett, K.L.; Siddhi, S.S.; Cleary, S.; Steed, H.; Miller, M.H.; Macfarlane, S.; Macfarlane, G.T.; Dillon, J.F. Oesophageal bacterial biofilm changes in gastro-oesophageal reflux disease, Barrett’s and oesophageal carcinoma: Association or causality? Aliment. Pharmacol. Ther. 2013, 37, 1084–1092. [Google Scholar] [CrossRef]

	



Ohkusa, T.; Okayasu, I.; Tokoi, S.; Ozaki, Y. Bacterial invasion into the colonic mucosa in ulcerative colitis. J. Gastroenterol. Hepatol. 1993, 8, 116–118. [Google Scholar] [CrossRef] [PubMed]

	



Kostic, A.D.; Xavier, R.J.; Gevers, D. The microbiome in inflammatory bowel disease: Current status and the future ahead. Gastroenterology 2014, 146, 1489–1499. [Google Scholar] [CrossRef]

	



Ohkusa, T.; Yoshida, T.; Sato, N.; Watanabe, S.; Tajiri, H.; Okayasu, I. Commensal bacteria can enter colonic epithelial cells and induce proinflammatory cytokine secretion: A possible pathogenic mechanism of ulcerative colitis. J. Med. Microbiol. 2009, 58, 535–545. [Google Scholar] [CrossRef] [PubMed]

	



Eaden, J.A.; Abrams, K.R.; Mayberry, J.F. The risk of colorectal cancer in ulcerative colitis: A meta-analysis. Gut 2001, 48, 526–535. [Google Scholar] [CrossRef] [PubMed]

	



Wright, E.K.; Kamm, M.A.; Teo, S.M.; Inouye, M.; Wagner, J.; Kirkwood, C.D. Recent advances in characterizing the gastrointestinal microbiome in Crohn’s disease: A systematic review. Inflamm. Bowel Dis. 2015, 21, 1219–1228. [Google Scholar] [CrossRef]

	



Han, S.; Zhuang, J.; Wu, Y.; Wu, W.; Yang, X. Progress in Research on Colorectal Cancer-Related Microorganisms and Metabolites. Cancer Manag. Res. 2020, 12, 8703–8720. [Google Scholar] [CrossRef]

	



Castellarin, M.; Warren, R.L.; Freeman, J.D.; Dreolini, L.; Krzywinski, M.; Strauss, J.; Barnes, R.; Watson, P.; Allen-Vercoe, E.; Moore, R.A.; et al. Fusobacterium nucleatum infection is prevalent in human colorectal carcinoma. Genome Res. 2012, 22, 299–306. [Google Scholar] [CrossRef]

	



Kostic, A.D.; Gevers, D.; Pedamallu, C.S.; Michaud, M.; Duke, F.; Earl, A.M.; Ojesina, A.I.; Jung, J.; Bass, A.J.; Tabernero, J.; et al. Genomic analysis identifies association of Fusobacterium with colorectal carcinoma. Genome Res. 2012, 22, 292–298. [Google Scholar] [CrossRef]

	



Flemer, B.; Warren, R.D.; Barrett, M.P.; Cisek, K.; Das, A.; Jeffery, I.B.; Hurley, E.; O‘Riordain, M.; Shanahan, F.; O‘Toole, P.W. The oral microbiota in colorectal cancer is distinctive and predictive. Gut 2018, 67, 1454–1463. [Google Scholar] [CrossRef]

	



Komiya, Y.; Shimomura, Y.; Higurashi, T.; Sugi, Y.; Arimoto, J.; Umezawa, S.; Uchiyama, S.; Matsumoto, M.; Nakajima, A. Patients with colorectal cancer have identical strains of Fusobacterium nucleatum in their colorectal cancer and oral cavity. Gut 2019, 68, 1335–1337. [Google Scholar] [CrossRef] [PubMed]

	



Yu, T.; Guo, F.; Yu, Y.; Sun, T.; Ma, D.; Han, J.; Qian, Y.; Kryczek, I.; Sun, D.; Nagarsheth, N.; et al. Fusobacterium nucleatum Promotes Chemoresistance to Colorectal Cancer by Modulating Autophagy. Cell 2017, 170, 548–563.e16. [Google Scholar] [CrossRef] [PubMed]

	



Brennan, C.A.; Garrett, W.S. Fusobacterium nucleatum—Symbiont, opportunist and oncobacterium. Nat. Rev. Microbiol. 2019, 17, 156–166. [Google Scholar] [CrossRef] [PubMed]

	



Yang, Y.; Weng, W.; Peng, J.; Hong, L.; Yang, L.; Toiyama, Y.; Gao, R.; Liu, M.; Yin, M.; Pan, C.; et al. Fusobacterium nucleatum Increases Proliferation of Colorectal Cancer Cells and Tumor Development in Mice by Activating Toll-Like Receptor 4 Signaling to Nuclear Factor-κB, and Up-regulating Expression of MicroRNA-21. Gastroenterology 2017, 152, 851–866.e24. [Google Scholar] [CrossRef]

	



Basith, S.; Manavalan, B.; Yoo, T.H.; Kim, S.G.; Choi, S. Roles of toll-like receptors in cancer: A double-edged sword for defense and offense. Arch. Pharm. Res. 2012, 35, 1297–1316. [Google Scholar] [CrossRef]

	



Gowing, S.D.; Cool-Lartigue, J.J.; Spicer, J.D.; Seely, A.J.E.; Ferri, L.E. Toll-like receptors: Exploring their potential connection with post-operative infectious complications and cancer recurrence. Clin. Exp. Metastasis 2020, 37, 225–239. [Google Scholar] [CrossRef] [PubMed]

	



Rubinstein, M.R.; Wang, X.; Liu, W.; Hao, Y.; Cai, G.; Han, Y.W. Fusobacterium nucleatum promotes colorectal carcinogenesis by modulating E-cadherin/β-catenin signaling via its FadA adhesin. Cell Host Microbe 2013, 14, 195–206. [Google Scholar] [CrossRef]

	



Rubinstein, M.R.; Baik, J.E.; Lagana, S.M.; Han, R.P.; Raab, W.J.; Sahoo, D.; Dalerba, P.; Wang, T.C.; Han, Y.W. Fusobacterium nucleatum promotes colorectal cancer by inducing Wnt/β-catenin modulator Annexin A1. EMBO Rep. 2019, 20, e47638. [Google Scholar] [CrossRef] [PubMed]

	



Wong, S.H.; Kwong, T.N.Y.; Chow, T.C.; Luk, A.K.C.; Dai, R.Z.W.; Nakatsu, G.; Lam, T.Y.T.; Zhang, L.; Wu, J.C.Y.; Chan, F.K.L.; et al. Quantitation of faecal Fusobacterium improves faecal immunochemical test in detecting advanced colorectal neoplasia. Gut 2017, 66, 1441–1448. [Google Scholar] [CrossRef]

	



Arthur, J.C.; Perez-Chanona, E.; Mühlbauer, M.; Tomkovich, S.; Uronis, J.M.; Fan, T.J.; Campbell, B.J.; Abujamel, T.; Dogan, B.; Rogers, A.B.; et al. Intestinal inflammation targets cancer-inducing activity of the microbiota. Science 2012, 338, 120–123. [Google Scholar] [CrossRef]

	



Wilson, M.R.; Jiang, Y.; Villalta, P.W.; Stornetta, A.; Boudreau, P.D.; Carrá, A.; Brennan, C.A.; Chun, E.; Ngo, L.; Samson, L.D.; et al. The human gut bacterial genotoxin colibactin alkylates DNA. Science 2019, 363. [Google Scholar] [CrossRef]

	



Hirayama, Y.; Tsunematsu, Y.; Yoshikawa, Y.; Tamafune, R.; Matsuzaki, N.; Iwashita, Y.; Ohnishi, I.; Tanioka, F.; Sato, M.; Miyoshi, N.; et al. Activity-Based Probe for Screening of High-Colibactin Producers from Clinical Samples. Org. Lett. 2019, 21, 4490–4494. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, T.; Hirayama, Y.; Tsunematsu, Y.; Suzuki, N.; Tanaka, S.; Uchiyama, N.; Goda, Y.; Yoshikawa, Y.; Iwashita, Y.; Sato, M.; et al. Isolation of New Colibactin Metabolites from Wild-Type Escherichia coli and In Situ Trapping of a Mature Colibactin Derivative. J. Am. Chem. Soc. 2021, 143, 5526–5533. [Google Scholar] [CrossRef] [PubMed]

	



Dejea, C.M.; Fathi, P.; Craig, J.M.; Boleij, A.; Taddese, R.; Geis, A.L.; Wu, X.; Shields, C.E.D.; Hechenbleikner, E.M.; Huso, D.L.; et al. Patients with familial adenomatous polyposis harbor colonic biofilms containing tumorigenic bacteria. Science 2018, 359, 592–597. [Google Scholar] [CrossRef]

	



Vitale, I.; Manic, G.; Coussens, L.M.; Kroemer, G.; Galluzzi, L. Macrophages and Metabolism in the Tumor Microenvironment. Cell Metab. 2019, 30, 36–50. [Google Scholar] [CrossRef]

	



Katsuno, Y.; Lamouille, S.; Derynck, R. TGF-β signaling and epithelial-mesenchymal transition in cancer progression. Curr. Opin. Oncol. 2013, 25, 76–84. [Google Scholar] [CrossRef]

	



Burger, J.A.; Kipps, T.J. CXCR4: A key receptor in the crosstalk between tumor cells and their microenvironment. Blood 2006, 107, 1761–1767. [Google Scholar] [CrossRef] [PubMed]

	



Wang, W.; Li, Q.; Takeuchi, S.; Yamada, T.; Koizumi, H.; Nakamura, T.; Matsumoto, K.; Mukaida, N.; Nishioka, Y.; Sone, S.; et al. Met kinase inhibitor E7050 reverses three different mechanisms of hepatocyte growth factor-induced tyrosine kinase inhibitor resistance in EGFR mutant lung cancer. Clin. Cancer Res. 2012, 18, 1663–1671. [Google Scholar] [CrossRef]

	



Straussman, R.; Morikawa, T.; Shee, K.; Barzily-Rokni, M.; Qian, Z.R.; Du, J.; Davis, A.; Mongare, M.M.; Gould, J.; Frederick, D.T.; et al. Tumour micro-environment elicits innate resistance to RAF inhibitors through HGF secretion. Nature 2012, 487, 500–504. [Google Scholar] [CrossRef]

	



Crawford, Y.; Kasman, I.; Yu, L.; Zhong, C.; Wu, X.; Modrusan, Z.; Kaminker, J.; Ferrara, N. PDGF-C mediates the angiogenic and tumorigenic properties of fibroblasts associated with tumors refractory to anti-VEGF treatment. Cancer Cell 2009, 15, 21–34. [Google Scholar] [CrossRef] [PubMed]

	



Iwano, M.; Plieth, D.; Danoff, T.M.; Xue, C.; Okada, H.; Neilson, E.G. Evidence that fibroblasts derive from epithelium during tissue fibrosis. J. Clin. Investig. 2002, 110, 341–350. [Google Scholar] [CrossRef] [PubMed]

	



Xing, F.; Saidou, J.; Watabe, K. Cancer associated fibroblasts (CAFs) in tumor microenvironment. Front. Biosci. J. Virtual Libr. 2010, 15, 166–179. [Google Scholar] [CrossRef]

	



Shen, J.; Zhai, J.; You, Q.; Zhang, G.; He, M.; Yao, X.; Shen, L. Cancer-associated fibroblasts-derived VCAM1 induced by H. pylori infection facilitates tumor invasion in gastric cancer. Oncogene 2020, 39, 2961–2974. [Google Scholar] [CrossRef] [PubMed]

	



Suhail, Y.; Cain, M.P.; Vanaja, K.; Kurywchak, P.A.; Levchenko, A.; Kalluri, R.; Kshitiz. Systems Biology of Cancer Metastasis. Cell Syst. 2019, 9, 109–127. [Google Scholar] [CrossRef] [PubMed]

	



Cavallaro, U.; Christofori, G. Cell adhesion and signalling by cadherins and Ig-CAMs in cancer. Nat. Rev. Cancer 2004, 4, 118–132. [Google Scholar] [CrossRef]

	



Gonzalez-Avila, G.; Sommer, B.; Mendoza-Posada, D.A.; Ramos, C.; Garcia-Hernandez, A.A.; Falfan-Valencia, R. Matrix metalloproteinases participation in the metastatic process and their diagnostic and therapeutic applications in cancer. Crit. Rev. Oncol. Hematol. 2019, 137, 57–83. [Google Scholar] [CrossRef]

	



Kobayashi, H.; Boelte, K.C.; Lin, P.C. Endothelial cell adhesion molecules and cancer progression. Curr. Med. Chem. 2007, 14, 377–386. [Google Scholar] [CrossRef] [PubMed]

	



Guo, W.; Giancotti, F.G. Integrin signalling during tumour progression. Nat. Rev. Mol. Cell Biol. 2004, 5, 816–826. [Google Scholar] [CrossRef]

	



Gupta, G.P.; Massagué, J. Cancer metastasis: Building a framework. Cell 2006, 127, 679–695. [Google Scholar] [CrossRef] [PubMed]

	



Byzova, T.V.; Goldman, C.K.; Pampori, N.; Thomas, K.A.; Bett, A.; Shattil, S.J.; Plow, E.F. A mechanism for modulation of cellular responses to VEGF: Activation of the integrins. Mol. Cell 2000, 6, 851–860. [Google Scholar] [CrossRef]

	



Wang, J.J.; Lei, K.F.; Han, F. Tumor microenvironment: Recent advances in various cancer treatments. Eur. Rev. Med. Pharmacol. Sci. 2018, 22, 3855–3864. [Google Scholar] [CrossRef]

	



Tsujimoto, H.; Ueno, H.; Hashiguchi, Y.; Ono, S.; Ichikura, T.; Hase, K. Postoperative infections are associated with adverse outcome after resection with curative intent for colorectal cancer. Oncol. Lett. 2010, 1, 119–125. [Google Scholar] [CrossRef]

	



Tsujimoto, H.; Ichikura, T.; Ono, S.; Sugasawa, H.; Hiraki, S.; Sakamoto, N.; Yaguchi, Y.; Yoshida, K.; Matsumoto, Y.; Hase, K. Impact of postoperative infection on long-term survival after potentially curative resection for gastric cancer. Ann. Surg. Oncol. 2009, 16, 311–318. [Google Scholar] [CrossRef]

	



Shimada, H.; Fukagawa, T.; Haga, Y.; Oba, K. Does postoperative morbidity worsen the oncological outcome after radical surgery for gastrointestinal cancers? A systematic review of the literature. Ann. Gastroenterol. Surg. 2017, 1, 11–23. [Google Scholar] [CrossRef] [PubMed]

	



Matsumoto, Y.; Tsujimoto, H.; Ono, S.; Shinomiya, N.; Miyazaki, H.; Hiraki, S.; Takahata, R.; Yoshida, K.; Saitoh, D.; Yamori, T.; et al. Abdominal Infection Suppresses the Number and Activity of Intrahepatic Natural Killer Cells and Promotes Tumor Growth in a Murine Liver Metastasis Model. Ann. Surg. Oncol. 2016, 23 (Suppl. 2), S257–S265. [Google Scholar] [CrossRef]

	



Tsujimoto, H.; Kobayashi, M.; Sugasawa, H.; Ono, S.; Kishi, Y.; Ueno, H. Potential mechanisms of tumor progression associated with postoperative infectious complications. Cancer Metastasis Rev. 2021. [Google Scholar] [CrossRef]

	



Tsujimoto, H.; Ono, S.; Efron, P.A.; Scumpia, P.O.; Moldawer, L.L.; Mochizuki, H. Role of Toll-like receptors in the development of sepsis. Shock 2008, 29, 315–321. [Google Scholar] [CrossRef]

	



Tsujimoto, H.; Ono, S.; Mochizuki, H.; Aosasa, S.; Majima, T.; Ueno, C.; Matsumoto, A. Role of macrophage inflammatory protein 2 in acute lung injury in murine peritonitis. J. Surg. Res. 2002, 103, 61–67. [Google Scholar] [CrossRef] [PubMed]

	



Tsujimoto, H.; Ono, S.; Majima, T.; Kawarabayashi, N.; Takayama, E.; Kinoshita, M.; Seki, S.; Hiraide, H.; Moldawer, L.L.; Mochizuki, H. Neutrophil elastase, MIP-2, and TLR-4 expression during human and experimental sepsis. Shock 2005, 23, 39–44. [Google Scholar] [CrossRef]

	



Tsujimoto, H.; Ono, S.; Ichikura, T.; Matsumoto, Y.; Yamamoto, J.; Hase, K. Roles of inflammatory cytokines in the progression of gastric cancer: Friends or foes? Gastric Cancer 2010, 13, 212–221. [Google Scholar] [CrossRef] [PubMed]

	



Majima, T.; Ichikura, T.; Seki, S.; Takayama, E.; Hiraide, H.; Mochizuki, H. Interleukin-10 and interferon-gamma levels within the peritoneal cavity of patients with gastric cancer. J. Surg. Oncol. 2001, 78, 124–130. [Google Scholar] [CrossRef] [PubMed]

	



Majima, T.; Ichikura, T.; Seki, S.; Takayama, E.; Matsumoto, A.; Kawabata, T.; Chochi, K.; Hiraide, H.; Mochizuki, H. The influence of interleukin-10 and interleukin-18 on interferon-gamma production by peritoneal exudate cells in patients with gastric carcinoma. Anticancer Res. 2002, 22, 1193–1199. [Google Scholar] [PubMed]

	



Sugasawa, H.; Ichikura, T.; Kinoshita, M.; Ono, S.; Majima, T.; Tsujimoto, H.; Chochi, K.; Hiroi, S.; Takayama, E.; Saitoh, D.; et al. Gastric cancer cells exploit CD4+ cell-derived CCL5 for their growth and prevention of CD8+ cell-involved tumor elimination. Int. J. Cancer 2008, 122, 2535–2541. [Google Scholar] [CrossRef] [PubMed]

	



Arimoto, A.; Yamashita, K.; Hasegawa, H.; Sugita, Y.; Fukuoka, E.; Tanaka, T.; Suzuki, S.; Kakeji, Y. Immunosuppression Induced by Perioperative Peritonitis Promotes Lung Metastasis. Anticancer Res. 2018, 38, 4333–4338. [Google Scholar] [CrossRef]

	



Tsujimoto, H.; Horiguchi, H.; Matsumoto, Y.; Takahata, R.; Shinomiya, N.; Yamori, T.; Miyazaki, H.; Ono, S.; Saitoh, D.; Kishi, Y.; et al. A Potential Mechanism of Tumor Progression during Systemic Infections Via the Hepatocyte Growth Factor (HGF)/c-Met Signaling Pathway. J. Clin. Med. 2020, 9, 2074. [Google Scholar] [CrossRef]

	



Horiguchi, H.; Tsujimoto, H.; Shinomiya, N.; Matsumoto, Y.; Sugasawa, H.; Yamori, T.; Miyazaki, H.; Saitoh, D.; Kishi, Y.; Ueno, H. A Potential Role of Adhesion Molecules on Lung Metastasis Enhanced by Local Inflammation. Anticancer Res. 2020, 40, 6171–6178. [Google Scholar] [CrossRef] [PubMed]








[image: Medicines 08 00045 g001 550] 





Figure 1. An overview of the links between microbial infection, chronic inflammation, and cancer environment. Several signaling pathways, such as TLR4 and CagA/c-Met, and mediators selected by microbial inflammation play an important role in the development of gastrointestinal cancers. EBV: Epstein-Barr virus; CAFs: Cancer associated fibroblasts; EMT: Epithelial mesenchymal transition; HGF: Hepatocyte growth factor; HPV: Human papilloma virus; IFN: Interferon; ILs: Interleukins; ICAM-1: Intercellular adhesion molecule-1; JAK/STAT1: Janus kinase/Signal transducer and activator of transcription 1; LPS: Lipopolysaccharide, MMPs: Matrix metalloproteinases; NF-κβ: nuclear factor-kappa β; PAMPs: Pathogen-associated molecular pattern molecules; RANTES: Regulated on activation, normal T cell expressed and secreted; TAMs: Tumor associated macrophages; TGFs: Transforming growth factor; TLR: Toll-like receptor; TNF-α: Tumor necrosis factor-α; VCAM-1: Vascular cell adhesion molecule-1. 
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