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The intestinal microenvironment is composed of normal gut microbiota and the environment in which it lives. The largest microecosystem in the human body is the gut microbiota, which is closely related to various diseases of the human body. Pancreatic cancer (PC) is a common malignancy of the digestive system worldwide, and it has a 5-year survival rate of only 5%. Early diagnosis of pancreatic cancer is difficult, so most patients have missed their best opportunity for surgery at the time of diagnosis. However, the etiology is not entirely clear, but there are certain associations between PC and diet, lifestyle, obesity, diabetes and chronic pancreatitis. Many studies have shown that the translocation of the gut microbiota, microbiota dysbiosis, imbalance of the oral microbiota, the interference of normal metabolism function and toxic metabolite products are closely associated with the incidence of PC and influence its prognosis. Therefore, understanding the correlation between the gut microbiota and PC could aid the diagnosis and treatment of PC. Here, we review the correlation between the gut microbiota and PC and the research progresses for the gut microbiota in the diagnosis and treatment of PC.
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Introduction

Pancreatic cancer (PC) is one of the most lethal malignancies in the world. It was the tenth most common cancer in men in 2021 and the eighth-most frequent cancer in women in the United States in 2021 (Siegel et al., 2021). PC is the seventh leading cause of cancer deaths in both sexes worldwide (Sung et al., 2021). It is difficult to detect the onset of PC, as early symptoms of PC are atypical. Many patients are diagnosed with local progression or distal metastasis and are not suitable for surgery. Thus, the 5-year survival rate is less than 10% (Siegel et al., 2021). Surgical resection is currently the only treatment option, but only 20% of PC are surgically removed at the time of diagnosis (Puckett and Garfield, 2022). Age, smoking, alcohol consumption, obesity, diabetes, genetic factors and chronic pancreatitis are considered traditional risk factors for PC (Klein, 2021). They may lead to chronic pancreatitis and further promote the occurrence of PC. However, research progress in the etiology, diagnosis and treatment of PC lags behind that of other tumors, and the etiology is still not completely clear. Currently, more evidence has suggested that the gut microbiota may be associated with the pathogenesis of PC and may be a promising therapeutic target for PC treatment.

The human gut microbiota is a group of microbes that live in the gut and is composed of more than 1014 microbes belonging to more than 1000 different species. The intestinal microbiota plays an important role in human physiology by influencing metabolism, regulating the mucosal immune system, promoting digestion and regulating the intestinal structure. When humans are threatened by some diseases, the gut microbiota can protect the human body by regulating inflammatory responses, providing nutrition and hormonal homeostasis, and producing bacterial metabolites with metabolic effects (Ertz-Archambault et al., 2017). The gut microbiota not only affects the digestive system but also plays an important role in many other diseases, including metabolic disease, cardiovascular disease, and central nervous system disease (Illiano et al., 2020). In recent years, some studies have shown that patients with PC may have unique oral and fecal microbiota compared to healthy individuals (Ren et al., 2017; Fan et al., 2018), suggesting that the intestinal microenvironment is involved in the occurrence and development of PC. Furthermore, pancreatic inflammation is the most important factor in inducing PC, and many immune cells cooperate to promote carcinogenesis through various mechanisms. It has been reported that macrophages are activated by some antigens of the gut microbiota and induce the interleukin-6 (IL-6)-Janus kinase 2 (Jak2)-signal transducer and activator of transcription 3 (STAT3) signaling pathway and nuclear factor-kappaB (NF-κB) signaling pathway (Lesina et al., 2011). Accumulated inflammatory responses may induce KRAS gene mutations, and the accumulation of numerous genetic mutations ultimately leads to the carcinogenesis of pancreatic cells (Ryan et al., 2014). These results indicate that PC has a certain relationship with changes in the gut microbiota. A deeper understanding of the interaction between PC and the gut microbiota is contributed to exploring the role of the gut microbiota in early diagnosis and treatment of PC.

Increasing evidence suggests that the gut microbiota is associated with PC susceptibility, initiation, and progression and may influence therapeutic efficacy. However, only radical surgery can eradicate PC, and there are few treatments currently available. Early detection and diagnosis could provide the best opportunity to enhance patient quality of life and increase the survival rate. However, to date, there are no acknowledged screening tools or biomarkers for treating PC (Wei et al., 2019). Therefore, the mechanism of the gut microbiota in PC still needs to be further explored. As research continues to deepen, gut microbiota-based diagnoses and treatments are proposed and applied, which may drive great advances in precision medicine. This paper reviews the recent research progress in the relationship between the gut microbiota and PC, the possible mechanisms involved, the impact of risk factors on the gut microbiota, and the role of gut microbiota in the early diagnosis and treatment of PC.



Gut Microbiota

The human intestinal microecosystem contains thousands of species of bacteria and trillions of microbial cells, accounting for the vast majority of the total number of human microorganisms. It is an important and complexed microecosystem of the human body (Heintz-Buschart and Wilmes, 2018). The specific composition features of the gut microbiota vary between individuals and can be altered by many factors, including age, sex, ethnicity, diet and medications (Maffei et al., 2017; Brooks et al., 2018; Rothschild et al., 2018; Kolodziejczyk et al., 2019; Vemuri et al., 2019). Markers of microbial stability, such as richness and diversity, are often used as indicators of intestinal health because of their association with chronic diseases and metabolic dysfunction (Lee et al., 2021). The gut microbiota is involved in a variety of important physiological functions, such as digestion, absorption, energy metabolism, immune regulation and intestinal mucosal defense, by regulating neural, immune and endocrine functions (Sekirov et al., 2010). It is also affected by inheritance and the diet of the host (Belkaid and Hand, 2014; Sonnenburg and Bäckhed, 2016). The dysregulation of the gut microbiota may lead to digestive, immune, cardiovascular, respiratory, and even neurological disorders (Fan and Pedersen, 2021). The gut microbiota can degrade polysaccharides into monosaccharides and short-chain fatty acids (SCFAs) in the gastrointestinal tract (Makki et al., 2018). SCFAs are important energy sources and signaling molecules that can promote the proliferation and differentiation of intestinal epithelial cells and regulate host metabolism and the immune system. The main metabolites of SCFAs are acetate, propionate and butyrate (Koh et al., 2016). Butyrate is the main energy source of human colon cells. It acts on intestinal epithelial cells to maintain the anaerobic state of the intestine and prevents the imbalance of bacterial homeostasis by limiting the production of nitrate and oxygen (Cummings et al., 1987).



The Relationship Between the Gut Microbiota and PC

Some epidemiological studies have suggested that the occurrence of PC is related to the dysregulation of the gut microbiota, but the exact role of the gut microbiota in the pathogenesis of PC has not been fully determined. Compared with healthy individuals, patients with PC have a variety of microbiota changes in the oral cavity, gastrointestinal tract and pancreas (Ertz-Archambault et al., 2017). Improper oral care and related diseases, such as periodontal disease and tooth loss, are risk factors for PC. Studies have shown that such diseases can lead to an imbalance of the composition and proportion of oral microbiota. In a 16-year health follow-up of 51,529 American men, Michaud et al. found 216 cases of PC (Michaud et al., 2007). After excluding the effects of risk factors such as smoking, alcohol consumption and diabetes, those with periodontal disease had a 64% increased risk of PC compared with those without periodontal disease. Porphyromonas gingivalis was the dominant bacteria in the oral cavity of this population (Mysak et al., 2014). The incidence of PC in periodontal disease patients with high levels of antibodies against P. gingivalis is twice as high as that in healthy individuals (Michaud et al., 2013). Fan et al. characterized the oral microbiota composition of 361 patients with pancreatic ductal adenocarcinoma (PDAC) and 371 healthy participants matched by age, race, gender, body mass index, alcohol consumption and smoking status, suggesting that P. gingivalis increased the risk of PDAC by 59% (Fan et al., 2018). Moreover, Helicobacter pylori (H. pylori) can also be considered a risk factor for PC and is indirectly involved in the occurrence and development of PC. Some studies have found that the incidence of H. pylori infection is higher in patients with PC, and the positive rate of H. pylori serum antibody is also higher (Wei et al., 2019). However, in chronic pancreatitis and PC, the expression of H. pylori DNA in pancreatic fluid or tissue could not be detected by PCR, suggesting that H. pylori may not directly trigger the occurrence of PC. Possible indirect mechanisms are immune escape and inflammatory reactions (Jesnowski et al., 2010). Some studies have shown that H. pylori can secrete cytotoxin-associated proteins and vacuolins, which promote chronic inflammatory oxidative stress and damage host DNA to trigger cellular carcinogenesis (Knorr et al., 2019).

To determine the characteristics of the microbiota in human pancreatic tumors, Pushalkar et al. conducted rRNA gene sequencing on pancreatic tumors from 12 patients by using the 16S amplification sequencing method. Analysis aligned intestinal bacterial structures of PC patients to healthy individuals. There were 13 different phyla detected in human PDAC, among which Proteobacteria (45%), Bacteroides (31%) and Firmicutes (22%) were the most abundant (Pushalkar et al., 2018). Additionally, the pancreas is connected to the gastrointestinal tract through the pancreatic duct, which provides conditions for translocation of gut microbiota. It is speculated that gut microbiota colonization in the pancreas is caused by duodenal or biliary bacterial reflux (Pushalkar et al., 2018). Thomas et al. reported that both normal and pancreatic tumor tissues have their own microbiome, but their microbiome could not be distinguished between disease states. Additionally, the presence of gut microbes combined with oral and gut microbiota translocations accelerates the progression of PC (Thomas et al., 2018).



Mechanisms by Which the Gut Microbiota Causes PC


Inflammatory Responses

The inflammatory response is the defense reaction produced by the body to resist external infection and tissue damage, but an excessive inflammatory response can lead to tissue cell cancer. Some studies have shown that chronic inflammation caused by the gut microbiota or their metabolites may lead to tumor production (Kundu and Surh, 2008; Pesic and Greten, 2016). Pancreatic carcinogenesis may be promoted by both remote and local pathways. Some high-risk factors for PC (unhealthy lifestyle, obesity, diabetes and chronic pancreatitis) can interact with the gut microbiota. These interactions can cause metabolic pathways to activate proinflammatory pathways and destroy the intestinal barrier. The metabolites of the gut microbiota may enter the pancreas through the mesenteric vein route, while harmful bacteria enter the pancreas through the mesenteric lymphatic route. These transitions can promote the differentiation of inhibitory immune cells, thereby affecting the tumor microenvironment (Thomas and Jobin, 2020). Some high-risk factors (smoking and alcohol consumption) can interact with the oral microbiota, resulting in oral microbiota disorders that can cause systemic inflammation (Chang et al., 2016). After the tissue barrier is damaged, harmful bacteria in the oral cavity translocate and colonize the pancreas (Michaud et al., 2013). Through direct local action, they may cause tissue inflammation, increase the recruitment of proinflammatory cells and cytokine secretion, lead to oxidative stress imbalance in the microenvironment, and damage DNA. Thus, it ultimately results in molecular alteration and tumor transformation. Moreover, when the inflammatory response leads to the abnormal secretion of pancreatic fluid and disrupted gut microbiota, intestinal content reflux through the main pancreatic duct may cause gut microbiota to enter the pancreas. This could destroy the normal microenvironment of the pancreas (Zambirinis et al., 2014). The KRAS mutation is present in 90% of PC cases, but KRAS activation still requires the overstimulation of lipopolysaccharide (LPS)-driven inflammation (Daniluk et al., 2012). Gram-negative bacteria in the gut produce LPS that specifically binds to host Toll-like receptor (TLR), causing systemic inflammation and oncogenesis (Ochi et al., 2012). When the two are combined, inflammatory responses are activated, and the recruitment of proinflammatory cells and the secretion of cytokines are increase. The inflammatory response can promote the expression of CXC receptor 2 (CXCR2), CXC ligands (CXCLs), STAT3, and IL-6 and activate NF-κB (Zambirinis et al., 2014). In addition to the role of proinflammatory cytokines, several molecular alterations, such as oncogene mutations, tumor suppressor gene inactivation, and chromosomal and microsatellite instability, are also involved in inflammation-mediated carcinogenesis (Humphris et al., 2014; Wei et al., 2019). These studies confirm the view of many researchers that the dysbiosis of the gut microbiota leads to chronic inflammation and then subsequently to tumors (Figure 1).




Figure 1 | Mechanisms of the gut microbiota in PC. The gut microbiota promotes the carcinogenesis of PC cells by these mechanisms, such as inflammatory response, immune response and bile acid. Dysbiosis of gut microbiota increases bacterial invasion, which promotes carcinogenesis of pancreatic cells. (A) Inflammatory responses: Invasive bacteria enter the bloodstream and release large amounts of LPS. LPS is recognized by TLRs on macrophages. Macrophages are activated to release some proinflammatory cytokines (CXCLs, IL-6) and activate signaling pathways (NF-kB). Accumulated inflammatory responses induce KRAS gene mutation. (B) Immune responses: Invasive bacteria activate tumor-infiltrating lymphocytes and immunosuppressive regulatory T cells. Tumor-infiltrating lymphocytes can promote cell proliferation and inhibit apoptosis through the STAT3 and NF-κB signaling pathways. Immunosuppressive regulatory T cells lead to systemic immune suppression by releasing IL-10 and transforming growth factor-β (TGF-β). (C) Bile acid: bile acid can upregulate the mRNA of cyclooxygenase-2 (COX-2) in PC cells to increase the invasion ability of tumor cells.





Immune Responses

Immune cells along with large numbers of microbiota maintain symbiotic relationships between human bodies and intestinal microbes (Mowat and Agace, 2014). There are complex interactions between the human immune system and gut microbiota. The immune system can influence the intestinal microbiota by forming a mucus barrier and secreting antibacterial proteins and immunoglobulin A (IgA). The gut microbiota can also affect local intestinal immunity, T cell development and immune system maturation by producing a variety of antigens and metabolites (Hooper et al., 2012). The intestinal microbes and their metabolites are critical to maintaining immune balance, and changes in the gut microbiota disrupt this balance. This disruption mainly affects intestinal mucosal immunity and the systemic immune response (Forbes et al., 2016). Intestinal dysbiosis does not directly interfere with the cell cycle to activate cancer signaling pathways, but it activates the immune system through multiple pathways, including tumor-infiltrating lymphocytes and their associated cytokines, innate immune cells and TLRs (Pagliari et al., 2018; Pushalkar et al., 2018). Moreover, tumor-infiltrating lymphocytes can produce proinflammatory mediators that promote cell proliferation and inhibit apoptosis through the STAT3 and NF-κB signaling pathways (Francescone et al., 2014). However, PC is often in the relatively advanced stage when the tumor microenvironment is flooded with many immune regulatory cells, and thus, the antitumor immune response is inhibited (Feig et al., 2012). For instance, immunosuppressive regulatory T cells and myeloid cells are recruited into the tumor stroma by the cytokine granulocyte-macrophage colony-stimulating factor produced by tumor cells, resulting in a disruption of T cell-mediated antitumor immunity (Pylayeva-Gupta et al., 2012). Similarly, high levels of immunoregulatory cytokines, such as IL-10 and transforming growth factor-β (TGF-β), were detected in the peripheral blood of patients with PC, suggesting systemic immune suppression in patients with PC (Bellone et al., 1999). Therefore, the immunosuppressive local microenvironment of PC not only promotes tumor progression but also leads to immunotherapy failure (Figure 1).



Bile Acids

The gut microbiota participates in the catabolic process of human bile acids. Bile acids are a kind of regulatory factors that are involved in signal transduction and affect the occurrence and development of cancer through oxidative stress and chronic inflammation. This intestinal microenvironment-bile acid-PC network shows a close relationship among these three (Feng and Chen, 2016). In recent years, studies have found that bile acids can be used as signaling molecules to participate in cell signal transduction and affect tumor formation and apoptosis through oxidative stress and chronic inflammatory reactions (Houten et al., 2006). Tucker et al. showed that bile acid can upregulate the mRNA of cyclooxygenase-2 (COX-2) in PC cells to increase the invasion ability of tumor cells and speculated that bile acid is involved in the invasion process of PC (Tucker et al., 2004). The structure of bile acids allows them to act as decontamination agents that destroy the lipid molecular bilayer of the contacted cells and help carcinogens enter the cells. Bile acid can change the microvilli structure on the surface of PC cells and affect the function of mitochondria in cancer cells. Therefore, it is speculated that bile acid can affect the proliferation and invasion of PC cells through cytotoxic effects (Lu et al., 2000; Shrader et al., 2021). The gut microbiota is involved in the catabolism of bile acids, which inhibits the conversion rate of primary bile acids to secondary bile acids. This leads to a reduction in secondary bile acid content and thus reduces intestinal toxicity and the occurrence of tumors (Zampa et al., 2004) (Figure 1).




Risk Factors for PC in Relation to the Gut Microbiota


Diet and Lifestyle Habits

In addition to correlations with age, sex, genetics and other factors, existing studies have confirmed that poor diet and lifestyle habits, such as alcohol consumption and smoking, are also closely related to the occurrence of PC (Yadav and Lowenfels, 2013). These risk factors significantly affect the metabolism and microbiota composition of microbes. They can increase the proportion of harmful bacteria and decrease the proportion of beneficial bacteria in the intestine. Studies have shown that drinking large amounts of ethanol disrupts the normal gut microbiota. Verrucomicrobia, Actinobacteria and Proteobacteria were enriched in the intestinal tract of alcohol-addicted mice (Chen et al., 2015; Borrelli et al., 2018; Grander et al., 2018). Clinical studies also revealed that long-term alcohol consumption reduced the abundance of Firmicutes and Lactobacillus in the gut, while Enterococcus was significantly increased. In addition, long-term alcohol intake can also lead to bacterial overgrowth and dysbiosis in the small and large intestine (Eslamparast et al., 2014; Goodrich et al., 2014). Acetaldehyde, one of the important metabolites of ethanol, has been shown to form superoxide, acetaldehyde complexes and other toxic metabolites. These toxic metabolites not only lead to pancreatic secretion imbalance but also induce interstitial fibrosis and promote the release of various inflammatory mediators, thus leading to chronic pancreatitis (Naderian et al., 2017). The pancreatic duct is connected to the duodenum through the duodenal papilla. Poor diet and lifestyle habits will lead to the abnormal secretion and composition of pancreatic juice. This may lead to harmful microbiota in the intestine retrograding into the pancreatic duct, leading to abnormal changes in the microenvironment in the pancreatic duct and pancreas. An abnormal microenvironment existing in the pancreas for a long time may lead to inactivation of tumor suppressor genes and abnormal activation of oncogenes and ultimately induce PC (Hussain et al., 2003).



Obesity

Obesity is an important risk factor for the development of PC. Epidemiological surveys have indicated that the incidence of PC is significantly higher in wealthy areas where the fat content is higher in the daily diet than in gradually developing areas (Vincent et al., 2011). In a study of obesity and the gut microbiota, germ-free mice gained weight when bacteria from obese patients were transplanted (Fei and Zhao, 2013). In addition to mouse models, long-term body weight gain (over 10 years) in humans was also demonstrated to be associated with low microbiota diversity, and this association was exacerbated by low dietary fiber intake. The amount of Bacteroidetes in the gut microbiota of obese patients was significantly reduced, while the total amount of Gram-positive Firmicutes in the intestinal tract of obese patients was 20% higher than that of normal adults (Armougom et al., 2009; Turnbaugh, 2012). Dysregulation of the gut microbiota may contribute to diet-induced obesity and metabolic complications through a variety of mechanisms, including immune dysregulation, altered energy regulation, altered intestinal hormone regulation, and proinflammatory mechanisms (Eibl and Rozengurt, 2019; Lee et al., 2020). In addition, adipose tissue can release a variety of inflammatory factors, such as C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), IL-6, and especially monocyte chemoattractant protein-1 (MCP-1), to promote the infiltration of inflammatory cells in fat. These factors promote inflammation in the body, which may induce normal cell carcinoma in the body (Carvalho et al., 2012; Piya et al., 2013). Moreover, obesity can also reverse the intestinal microecology and influence the gut microbiota composition (Hakkak et al., 2017), which indirectly reflects the correlation between the gut microbiota and PC.



Diabetes

Many studies in recent years have suggested that diabetes is closely associated with PC. Type 2 diabetes is often accompanied by moderate intestinal dysbiosis, which is characterized by increased numbers of Lactobacillus, Bacteroidetes and Proteobacteria and reduced abundance of Faecalibacterium prausnitzii and Firmicutes (Craciun et al., 2022). The gut microbiota affects diabetes by affecting body mass, bile acid metabolism, chronic inflammation, insulin resistance and gut hormone regulation (Ren et al., 2017). A meta-analysis has found that the relative risk of PC in patients with a history of diabetes of less ≥2 years, ≥5 years and ≥10 years is 1.64, 1.58 and 1.50, respectively, revealing the close correlation between diabetes and PC (Song et al., 2015). Larsen et al. found that the proportion of Betaproteobacteria in the intestinal tract of patients with diabetes was increased, which indicated an increase in the number of Gram-negative bacteria and LPS (Larsen et al., 2010). When the intestinal mucosal barrier dysfunction is due to gut microbiota imbalance, LPS is more likely to be absorbed into peripheral blood and activate a series of inflammatory factors, such as CXCLs, CXCR2 and IL-6. These factors can induce carcinogenesis under the stimulation of a continuous inflammatory response (Cruz et al., 2013). In addition, cancer cells utilize energy mainly through glycolysis, so the high blood sugar levels of patients with diabetes may increase the proliferation of cancer cells. Hyperglycemia also affects the secretion and release of insulin and activates insulin-like growth factor 1 (IGF-1), which may promote the occurrence and development of tumors (Zhang et al., 2018). Moreover, the decreased immune function in patients with diabetes affects the antitumor effects of probiotics, such as Bifidobacterium (Komura et al., 2010; Sivan et al., 2015). Therefore, these effects may also be one of the factors that induce the development of PC in diabetes.



Chronic Pancreatitis

Chronic pancreatitis is a major risk factor for PC. It is the progressive inflammation of the pancreas, which can lead to the loss of pancreatic fibrotic acinar and islet cells. Approximately 5% of patients with chronic pancreatitis can develop PC, and the risk of PC in patients with chronic pancreatitis is 13 times higher than that in the general population (Raimondi et al., 2010). A small number of studies have shown that the diversity of the gut microbiota in patients with chronic pancreatitis is significantly reduced (Zhou et al., 2020; Wu et al., 2021). The relative abundance of Faecalibacterium prausnitzii and Ruminococcus bromii was decreased in patients with chronic pancreatitis, especially in patients with diabetes (Jandhyala et al., 2017). Moreover, approximately 36% of patients with pancreatitis develop excessive growth of the gut microbiota, which is called small intestine bacterial overgrowth (SIBO). SIBO is a malabsorption syndrome that causes excessive fermentation and inflammation in the small intestine (Gasbarrini et al., 2011; Capurso et al., 2016). Some patients with chronic pancreatitis who carry KRAS gene mutations have an increased cancer risk. SIBO may lead to KRAS gene mutations through the LPS-driven inflammatory response and TLR-mediated NF-κB signaling pathway, thus accelerating the development of PC (Huang et al., 2014). LPS and TLR interact and induce chronic inflammation. TLR expression on various immune cells enables immune cells to recognize a variety of microbial-related molecules and noninfectious inflammatory injury-related molecules and activates the NF-κB and mitogen-activated protein kinases (MAPK) signaling pathways to persistently induce pancreatic inflammation (Meng et al., 2018). Moreover, pancreatitis and KRAS gene mutations are two common factors in PC, both of which are essential for pancreatic intraepithelial neoplasia (PanIN) and invasive cancer in animal models (Guerra et al., 2007).




The Gut Microbiota and the Diagnosis and Prognosis of PC

Currently, the traditional diagnostic methods for PC are mainly dependent on signs, symptoms, tumor markers, imaging manifestations, and histopathological or cytological tests (Chu et al., 2017). However, positive results cannot be detected until the onset of PC, even in the middle and late stages. The progression of PC is through PanIN of the pancreas during carcinogenesis. Although these changes in pancreatic morphology are histologically different, imaging techniques used in clinical practices are unable to distinguish early PanIN from the normal pancreas (Hruban et al., 2000). With a deeper understanding of intestinal microecology, some studies have demonstrated that intestinal microecological changes may provide new biological markers for the diagnosis of PC. The experiment by Torres et al. showed that compared with normal people, the proportion of Leptotrichia increased and the proportion of Porphyromonas decreased in the saliva of PC patients, suggesting that the proportion of the two may be used as a biological marker of PC (Torres et al., 2015). Some intrapancreatic bacteria, such as H. pylori, were differentially increased in the pancreas of patients with PC. If human pancreatic cells are infected with H. pylori, they can colonize the pancreas. The colonization of H. pylori is associated with the activation of molecular pathways related to the occurrence and maturation of PC (Takayama et al., 2007), thus contributing to the malignancy of PC (Nilsson et al., 2006). In addition, oral Fusobacterium has been shown to reduce the risk of PC, and Fusobacterium colonization was considered to be an independent prognostic factor that significantly decreased the survival rate of PC (Mitsuhashi et al., 2015). With the rapid development of medicine, the early analysis of the gut microbiota may provide an important basis for the early diagnosis and treatment of PC.

Riquelme et al. found that the gut microbiota can determine the survival of PC patients (Riquelme et al., 2019). They elucidated the role of the tumor microbiota and immune system in the long-term survival (LTS) of PC patients. They found high alpha-diversity in the tumor microbiota of patients with LTS compared with patients with short-term survival (STS). They also identified four microbial signatures in the tumor microbiota (Pseudoxanthomona, Saccharopolsypora, Streptomyces and Bacillus clausii) that can predict long-term survival in patients with PC. Using fecal microbiota transplantation from STS, LTS, or control donors, they found that the tumor microbiota could be differentially regulated and affect tumor growth and tumor immune infiltration (Riquelme et al., 2019). Fecal microbiota transplantation can significantly improve the prognosis of patients with PC, and manipulating the microbiota could be used as a treatment means. Although PDAC has the same mortality, there is heterogeneity in the clinical symptoms and limited genomic variation. A highly aggressive tumor subtype called “basal-like” was identified in PC. This subtype shows a poor prognosis and a higher inflammatory response. Metagenomic analysis of pancreatic tumors from 62 different clinical subtypes showed that “basal-like” PDAC was characterized by active antimicrobial immune and inflammatory responses and had different microbiota characteristics. These bacteria have the potential to induce inflammation and are associated with the expression of cancer genes. This study confirmed that the tumor microbiota is closely related to the carcinogenesis and inflammatory induction of PC. Thus, these findings demonstrate the predictive value of the microbiota, and introduce new ideas for the treatment and intervention of diseases (Guo et al., 2021).



The Role of the Gut Microbiota in Prevention and Treatment of PC

Although surgery, chemotherapy, and biological therapy for the treatment of PC have made some progress, these treatment measures are costly. They also cause great damage to the patient’s body, and the survival rate is still low. Therefore, there is an urgent need to find a new clinical treatment for PC. The study of the gut microbiota can provide a new direction for the prevention and treatment of PC. Consequently, fecal microbiota transplantation, probiotics, butyric acid, immunotherapy, and other methods may represent new therapies to treat or prevent the development of PC.


Fecal Microbiota Transplantation

Fecal microbiota transplantation (FMT) refers to the process of transferring the gut microbiota and its metabolites from a healthy donor to the recipient. This is currently the best way to rebuild the intestinal microecology and treat intestinal and extraintestinal diseases (Figure 2) (Wang et al., 2019). FMT has attracted increasing attention due to its therapeutic efficacy and convenience. A variety of diseases can benefit from the treatment of FMT, including Clostridium difficile infection, inflammatory bowel disease, obesity, and cancer (Smits et al., 2013; Chen et al., 2019). FMT may inhibit the development of PC by regulating the gut microbiota, reducing the production of inflammatory mediators and cytotoxic metabolites, and improving the dysregulation of gut microbiota (Bibbò et al., 2017). High abundance of Fusobacterium in PC tissue correlates with poor prognosis (Mitsuhashi et al., 2015), suggesting that Fusobacterium could become a promising prognostic parameter after the FMT treatment of PC. In another FMT study applying to PC, stool samples from patients with advanced PC, patients with PC who had survived more than five years, or healthy controls were transplanted into mice. After 35 days, the tumors of mice treated with FMT from the advanced PC group were found to be much larger than those treated with FMT from patients with PC who had survived more than five years or healthy controls (Riquelme et al., 2019). It has been suggested that the diversity of the gut microbiota in patients with PC can affect the development of tumors; thus, FMT may become a new treatment for PC in the future. However, there are still few studies on the application of FMT in the treatment of PC. More animal studies are needed to demonstrate the efficacy and safety of FMT and to explore its role in clinical treatment. In addition, we also need to develop therapeutic strategies for gut microbiota with different functions, improve transplant matching, and enhance the effect of personalized FMT treatment for PC.




Figure 2 | Efficient treatment for PC by targeting the gut microbiota. (A) Fecal microbiota transplantation (FMT) may inhibit the development of pancreatic cancer (PC) by regulating the intestinal microbiota, reducing the production of inflammatory mediators and cytotoxic metabolites, and improving the dysregulation of intestinal microbiota. (B) Probiotics may alter gut microbiota and affect the survival of patients with PC. They can also promote human health with antitumor effects and maintain the homeostatic state of intestinal microorganisms. (C) Butyric acid can promote the differentiation of PC cells and inhibit their invasion and metastasis of PC cells. (D) The gut microbiota can promote anti-PC immunotherapy by regulating immune checkpoints (PD-L1 and CTLA-4).





Probiotics

Probiotics have the role of promoting human health, maintaining the homeostasis of intestinal microbes, alleviating the inflammatory response, regulating the immune system, and promoting antitumor efficiency to inhibit PC progression (Meng et al., 2018). Probiotics can not only form a membrane barrier by adhering to intestinal epithelial cells and competitively inhibiting the growth of pathogenic bacteria but also secrete antibacterial substances to inhibit the colonization and proliferation of pathogenic bacteria. Bifidobacterium is an important intestinal probiotic that can inhibit tumor development and promote the high expression of some tumor-suppressive metabolites. These effects may possibly act via mechanisms that prevent harmful bacteria from colonizing the intestinal tract. This would produce acidic substances and reduce the pH of the microenvironment to maintain the intestinal microecological balance. The metabolism of gut bacteria can affect cancer treatment, including chemotherapy and immunotherapy. Although not directly used in PC, oral Bifidobacterium operational taxonomic unit OTU_681370 combined with anti-programmed cell death-ligand 1 (PD-L1) immunotherapy can almost completely inhibit the growth of mouse melanoma. It can also promote the infiltration of T cells into the tumor microenvironment, regulate the activation of cytokine receptors to produce interferon-γ (INF-γ) and then promote the growth of monocytes (Sivan et al., 2015). Therefore, establishing a healthy gut microbiota and inhibiting the growth of pathogenic bacteria, in combination with chemical therapy and immune therapy, may improve the survival time of patients with PC. The most commonly used probiotics in the clinic are Lactobacillus and Bifidobacterium, which can inhibit the growth of Enterobacteria. Bifidobacterium can stimulate the immune system to attack tumor cells and enhance the efficacy of cancer immunotherapy (Sivan et al., 2015). Moreover, probiotics can regulate the composition of the microbiota and reduce the side effects, such as diarrhea and mucositis, caused by chemotherapeutic drugs (Serna-Thomé et al., 2018). However, further clinical trials are needed to confirm the role of probiotics in the prevention and treatment of PC (Figure 2).



Butyric Acid

Studies have shown that butyrate is closely related to the occurrence and development of tumors (Bolden et al., 2006). At present, there are numerous studies on the antitumor effect of butyric acid in lung cancer, bowel cancer, bladder cancer, leukemia and so on, but there are relatively few reports on this in PC. Butyric acid plays a key role in maintaining intestinal health. It is not only the main energy source of colon epithelial cells but also an important anti-inflammatory metabolite of the gut microbiota (Canani et al., 2011; Vital et al., 2014). Sodium butyrate inhibits the invasion and metastasis of PC cells by downregulating the expression of integrin β4 (Farrow et al., 2003). It also promotes the differentiation of PC cells and induces the expression of some tumor-related antigens (Corra et al., 1993). These results suggest that butyric acid has a significant inhibitory effect on the occurrence, development and invasion of PC. Bifidobacterium can ferment glucose to produce acetic acid, butyric acid and lactic acid, which are SCFAs that are beneficial to intestinal health. Butyrate can achieve an antitumor effect by inhibiting histone deacetylase and telomerase activity (Tan et al., 2014). In addition, butyrate induces Treg cell amplification, produces anti-inflammatory cytokines, reduces DNA oxidative damage, induces apoptosis that already underwent DNA damage, and blocks tumor cell growth (Smith et al., 2013). These results imply that regulating butyric acid levels through the intervention of the gut microbiota may be beneficial to the prevention and treatment of PC (Figure 2).



Immunotherapy

Immunotherapy is a new therapeutic concept that can control tumor growth and metastasis and even eliminate tumors by activating the body’s continuous immune response to the tumor while maintaining the functional integrity of normal tissues (Kraehenbuehl et al., 2022). In recent years, the important role of the microbiota in immune regulation and tumorigenesis has become increasingly prominent, and regulation of the microbiota is important for the immunotherapy of PC (Sethi et al., 2019). Some studies confirmed that microbes can strengthen the therapeutic effect of cancer immunotherapy (Leslie, 2015). The gut microbiota regulates immunosuppressive molecules that inhibit lymphocyte function and help cancer cells escape. These effects have a positive impact on the immunotherapy of PC. The gut microbiota also promotes anti-PC immunotherapy by regulating immune checkpoints (Elkrief et al., 2019). As immunosuppressive molecules, immune checkpoints can inhibit the function of lymphocytes and assist the immune escape of tumor cells (Horai et al., 2015). It has been found that as an immune checkpoint inhibitor, the cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) monoclonal antibody is dependent on the gut microbiota in the treatment of tumors and cannot produce effective antitumor efficacy in the absence of the gut microbiota (Vétizou et al., 2015). In animal experiments, the gut microbiota enhanced animal responses to CTLA-4 inhibitory antibodies and stimulated the immune system to attack tumors. Researchers describe Bifidobacterium as immune assistants. The efficacy of PD-L1-blocking tumor antibodies were improved in mice fed probiotics containing a variety of Bifidobacterium (Leslie, 2015). The gut microbiota can regulate the T cell-mediated antitumor immune response by regulating the function of dendritic cells. Therefore, the selection of specific immunotherapies according to the different intestinal microecological conditions is helpful for the prevention and treatment of PC. Finding new therapeutic targets for PC and developing effective immunotherapy strategies will be a substantial long-term task that will require continuous research and exploration (Figure 2).




Conclusion

The gut microbiota is a large and complex system that plays an important role in the regulation of the occurrence and development of PC. The gut microbiota studies have revealed the underlying mechanisms, predicted the risk of PC, and provided a new approach for the diagnosis and prognosis of PC. Important quoted human studies including experimental methods, microbial change and author’s conclusions are summarized in Table 1. The study of the mechanisms that connect the gut microbiota and PC provides a theoretical basis for subsequent prevention and therapeutic interventions. Probiotics can be combined with chemotherapy and immunotherapy to provide promising therapeutic methods for patients with PC. With the continuous development of metagenomics and immunogenomics, scientists have made breakthroughs in the application of the microbiome in immunotherapy for gastrointestinal cancer. To better apply the microbiome in the future, we need to monitor changes in each stage of the progression of PC and investigate more approaches targeting the cancer-related microbiome to improve therapeutic efficacy. The involvement of intestinal microecology in various physiological functions of the body is of great scientific value. Therefore, the mechanism of its action needs to be further explored in future research. In conclusion, it is imperative to resolve the difficulty of the early diagnosis and treatment of PC. It is necessary not only to explore the molecular biological mechanisms regulating the gut microbiota but also to continuously explore new therapeutic targets to improve the survival time and quality of life of patients with PC. Better yet, personalized treatments can be tailored to each patient based on their respective microbiome.


Table 1 | Overview of the major gut microbiota studies involving pancreatic cancer.





Author Contributions

QY wrote the manuscript; JZ revised the manuscript; YZ provided advice. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the National Natural Science Foundation of China (No. 81960128 and No. 8187359), and the Key Research and Development Program from the Science and Technology Department of Jiangxi Province (No. 20192ACBL20037).



Acknowledgments

The authors acknowledge the contribution of all participants involved in this study process. The authors acknowledge American Journal Experts (AJE) Company for English language editing.



Abbreviations

PC, Pancreatic cancer; IL-6, interleukin-6; STAT3, signal transducer and activator of transcription 3; NF-κB, nuclear factor-kappaB; SCFAs, short chain fatty acids; PDAC, pancreatic ductal adenocarcinoma; H. pylori, Helicobacter pylori; LPS, lipopolysaccharide; TLR, Toll-like receptor; CXCR2, CXC receptor 2; CXCLs, CXC ligands; IgA, immunoglobulin A; TGF-β, transforming growth factor-β; COX-2, cyclooxygenase-2; IGF-1, insulin-like growth factor 1; SIBO, small intestine bacterial overgrowth; PanIN, pancreatic intraepithelial neoplasia; LTS, long-term survival; STS, short-term survival; FMT, Fecal microbiota transplantation; PD-L1, programmed cell death-ligand 1; INF-γ, interferon-γ; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; MAPK, mitogen-activated protein kinases; CRP, C-reactive protein; TNF-α, tumor necrosis factor-α; MCP-1, monocyte chemoattractant protein-1.



References

 Armougom, F., Henry, M., Vialettes, B., Raccah, D., and Raoult, D. (2009). Monitoring Bacterial Community of Human Gut Microbiota Reveals an Increase in Lactobacillus in Obese Patients and Methanogens in Anorexic Patients. PloS One 4 (9), e7125. doi: 10.1371/journal.pone.0007125

 Belkaid, Y., and Hand, T. W. (2014). Role of the Microbiota in Immunity and Inflammation. Cell 157 (1), 121–141. doi: 10.1016/j.cell.2014.03.011

 Bellone, G., Turletti, A., Artusio, E., Mareschi, K., Carbone, A., Tibaudi, D., et al. (1999). Tumor-Associated Transforming Growth Factor-Beta and Interleukin-10 Contribute to a Systemic Th2 Immune Phenotype in Pancreatic Carcinoma Patients. Am. J. Pathol. 155 (2), 537–547. doi: 10.1016/S0002-9440(10)65149-8

 Bibbò, S., Ianiro, G., Gasbarrini, A., and Cammarota, G. (2017). Fecal Microbiota Transplantation: Past, Present and Future Perspectives. Minerva Gastroenterol. Dietol. 63 (4), 420–430. doi: 10.23736/S1121-421X.17.02374-1

 Bolden, J. E., Peart, M. J., and Johnstone, R. W. (2006). Anticancer Activities of Histone Deacetylase Inhibitors. Nat. Rev. Drug Discov. 5 (9), 769–784. doi: 10.1038/nrd2133

 Borrelli, A., Bonelli, P., Tuccillo, F. M., Goldfine, I. D., Evans, J. L., Buonaguro, F. M., et al. (2018). Role of Gut Microbiota and Oxidative Stress in the Progression of Non-Alcoholic Fatty Liver Disease to Hepatocarcinoma: Current and Innovative Therapeutic Approaches. Redox Biol. 15, 467–479. doi: 10.1016/j.redox.2018.01.009

 Brooks, A. W., Priya, S., Blekhman, R., and Bordenstein, S. R. (2018). Gut Microbiota Diversity Across Ethnicities in the United States. PloS Biol. 16 (12), e2006842. doi: 10.1371/journal.pbio.2006842

 Canani, R. B., Costanzo, M. D., Leone, L., Pedata, M., Meli, R., and Calignano, A. (2011). Potential Beneficial Effects of Butyrate in Intestinal and Extraintestinal Diseases. World J. Gastroenterol. 17 (12), 1519–1528. doi: 10.3748/wjg.v17.i12.1519

 Capurso, G., Signoretti, M., Archibugi, L., Stigliano, S., and Delle Fave, G. (2016). Systematic Review and Meta-Analysis: Small Intestinal Bacterial Overgrowth in Chronic Pancreatitis. United Eur. Gastroenterol. J. 4 (5), 697–705. doi: 10.1177/2050640616630117

 Carvalho, B. M., Guadagnini, D., Tsukumo, D. M. L., Schenka, A. A., Latuf-Filho, P., Vassallo, J., et al. (2012). Modulation of Gut Microbiota by Antibiotics Improves Insulin Signalling in High-Fat Fed Mice. Diabetologia 55 (10), 2823–2834. doi: 10.1007/s00125-012-2648-4

 Chang, J. S., Tsai, C. R., Chen, L. T., and Shan, Y. S. (2016). Investigating the Association Between Periodontal Disease and Risk of Pancreatic Cancer. Pancreas 45 (1), 134–141. doi: 10.1097/MPA.0000000000000419

 Chen, P., Stärkel, P., Turner, J. R., Ho, S. B., and Schnabl, B. (2015). Dysbiosis-Induced Intestinal Inflammation Activates Tumor Necrosis Factor Receptor I and Mediates Alcoholic Liver Disease in Mice. Hepatology 61 (3), 883–894. doi: 10.1002/hep.27489

 Chen, D., Wu, J., Jin, D., Wang, B., and Cao, H. (2019). Fecal Microbiota Transplantation in Cancer Management: Current Status and Perspectives. Int. J. Cancer 145 (8), 2021–2031. doi: 10.1002/ijc.32003

 Chu, L. C., Goggins, M. G., and Fishman, E. K. (2017). Diagnosis and Detection of Pancreatic Cancer. Cancer J. 23 (6), 333–342. doi: 10.1097/PPO.0000000000000290

 Corra, S., Kazakoff, K., Mogaki, M., Cano, M., and Pour, P. M. (1993). Modification of Antigen Expression in Human and Hamster Pancreatic Cancer Cell Lines Induced by Sodium Butyrate. Teratog Carcinog. Mutagen 13 (5), 199–215. doi: 10.1002/tcm.1770130502

 Craciun, C. I., Neag, M. A., Catinean, A., Mitre, A. O., Rusu, A., Bala, C., et al. (2022). The Relationships Between Gut Microbiota and Diabetes Mellitus, and Treatments for Diabetes Mellitus. Biomedicines 10 (2), 308. doi: 10.3390/biomedicines10020308

 Cruz, N. G., Sousa, L. P., Sousa, M. O., Pietrani, N. T., Fernandes, A. P., and Gomes, K. B. (2013). The Linkage Between Inflammation and Type 2 Diabetes Mellitus. Diabetes Res. Clin. Pract. 99 (2), 85–92. doi: 10.1016/j.diabres.2012.09.003

 Cummings, J. H., Pomare, E. W., Branch, W. J., Naylor, C. P., and Macfarlane, G. T. (1987). Short Chain Fatty Acids in Human Large Intestine, Portal, Hepatic and Venous Blood. Gut 28 (10), 1221–1227. doi: 10.1136/gut.28.10.1221

 Daniluk, J., Liu, Y., Deng, D., Chu, J., Huang, H., Gaiser, S., et al. (2012). An NF-κb Pathway-Mediated Positive Feedback Loop Amplifies Ras Activity to Pathological Levels in Mice. J. Clin. Invest. 122 (4), 1519–1528. doi: 10.1172/JCI59743

 Eibl, G., and Rozengurt, E. (2019). KRAS, YAP, and Obesity in Pancreatic Cancer: A Signaling Network With Multiple Loops. Semin. Cancer Biol. 54, 50–62. doi: 10.1016/j.semcancer.2017.10.007

 Elkrief, A., Derosa, L., Zitvogel, L., Kroemer, G., and Routy, B. (2019). The Intimate Relationship Between Gut Microbiota and Cancer Immunotherapy. Gut Microbes 10 (3), 424–428. doi: 10.1080/19490976.2018.1527167

 Ertz-Archambault, N., Keim, P., and Von Hoff, D. (2017). Microbiome and Pancreatic Cancer: A Comprehensive Topic Review of Literature. World J. Gastroenterol. 23 (10), 1899–1908. doi: 10.3748/wjg.v23.i10.1899

 Eslamparast, T., Poustchi, H., Zamani, F., Sharafkhah, M., Malekzadeh, R., and Hekmatdoost, A. (2014). Synbiotic Supplementation in Nonalcoholic Fatty Liver Disease: A Randomized, Double-Blind, Placebo-Controlled Pilot Study. Am. J. Clin. Nutr. 99 (3), 535–542. doi: 10.3945/ajcn.113.068890

 Fan, X., Alekseyenko, A. V., Wu, J., Peters, B. A., Jacobs, E. J., Gapstur, S. M., et al. (2018). Human Oral Microbiome and Prospective Risk for Pancreatic Cancer: A Population-Based Nested Case-Control Study. Gut 67 (1), 120–127. doi: 10.1136/gutjnl-2016-312580

 Fan, Y., and Pedersen, O. (2021). Gut Microbiota in Human Metabolic Health and Disease. Nat. Rev. Microbiol. 19 (1), 55–71. doi: 10.1038/s41579-020-0433-9

 Farrow, B., Rychahou, P., O’Connor, K. L., and Evers, B. M. (2003). Butyrate Inhibits Pancreatic Cancer Invasion. J. Gastrointest. Surg. 7 (7), 864–870. doi: 10.1007/s11605-003-0031-y

 Feig, C., Gopinathan, A., Neesse, A., Chan, D. S., Cook, N., and Tuveson, D. A. (2012). The Pancreas Cancer Microenvironment. Clin. Cancer Res. 18 (16), 4266–4276. doi: 10.1158/1078-0432.CCR-11-3114

 Fei, N., and Zhao, L. (2013). An Opportunistic Pathogen Isolated From the Gut of an Obese Human Causes Obesity in Germfree Mice. Isme J. 7 (4), 880–884. doi: 10.1038/ismej.2012.153

 Feng, H. Y., and Chen, Y. C. (2016). Role of Bile Acids in Carcinogenesis of Pancreatic Cancer: An Old Topic With New Perspective. World J. Gastroenterol. 22 (33), 7463–7477. doi: 10.3748/wjg.v22.i33.7463

 Forbes, J. D., Van Domselaar, G., and Bernstein, C. N. (2016). The Gut Microbiota in Immune-Mediated Inflammatory Diseases. Front. Microbiol. 7, 1081. doi: 10.3389/fmicb.2016.01081

 Francescone, R., Hou, V., and Grivennikov, S. I. (2014). Microbiome, Inflammation, and Cancer. Cancer J. 20 (3), 181–189. doi: 10.1097/PPO.0000000000000048

 Gasbarrini, A., Scarpellini, E., Gabrielli, M., Tortora, A., Purchiaroni, F., and Ojetti, V. (2011). Clinical Predictors of Small Intestinal Bacterial Overgrowth by Duodenal Aspirate Culture. Aliment Pharmacol. Ther. 33 (12), 1378–1379; author reply 1379-1380. doi: 10.1111/j.1365-2036.2011.04657.x

 Goodrich, J. K., Waters, J. L., Poole, A. C., Sutter, J. L., Koren, O., Blekhman, R., et al. (2014). Human Genetics Shape the Gut Microbiome. Cell 159 (4), 789–799. doi: 10.1016/j.cell.2014.09.053

 Grander, C., Adolph, T. E., Wieser, V., Lowe, P., Wrzosek, L., Gyongyosi, B., et al. (2018). Recovery of Ethanol-Induced Akkermansia Muciniphila Depletion Ameliorates Alcoholic Liver Disease. Gut 67 (5), 891–901. doi: 10.1136/gutjnl-2016-313432

 Guerra, C., Schuhmacher, A. J., Cañamero, M., Grippo, P. J., Verdaguer, L., Pérez-Gallego, L., et al. (2007). Chronic Pancreatitis Is Essential for Induction of Pancreatic Ductal Adenocarcinoma by K-Ras Oncogenes in Adult Mice. Cancer Cell 11 (3), 291–302. doi: 10.1016/j.ccr.2007.01.012

 Guo, W., Zhang, Y., Guo, S., Mei, Z., Liao, H., Dong, H., et al. (2021). Tumor Microbiome Contributes to an Aggressive Phenotype in the Basal-Like Subtype of Pancreatic Cancer. Commun. Biol. 4 (1), 1019. doi: 10.1038/s42003-021-02557-5

 Hakkak, R., Korourian, S., Foley, S. L., and Erickson, B. D. (2017). Assessment of Gut Microbiota Populations in Lean and Obese Zucker Rats. PloS One 12 (7), e0181451. doi: 10.1371/journal.pone.0181451

 Heintz-Buschart, A., and Wilmes, P. (2018). Human Gut Microbiome: Function Matters. Trends Microbiol. 26 (7), 563–574. doi: 10.1016/j.tim.2017.11.002

 Hooper, L. V., Littman, D. R., and Macpherson, A. J. (2012). Interactions Between the Microbiota and the Immune System. Science 336 (6086), 1268–1273. doi: 10.1126/science.1223490

 Horai, R., Zárate-Bladés, C. R., Dillenburg-Pilla, P., Chen, J., Kielczewski, J. L., Silver, P. B., et al. (2015). Microbiota-Dependent Activation of an Autoreactive T Cell Receptor Provokes Autoimmunity in an Immunologically Privileged Site. Immunity 43 (2), 343–353. doi: 10.1016/j.immuni.2015.07.014

 Houten, S. M., Watanabe, M., and Auwerx, J. (2006). Endocrine Functions of Bile Acids. EMBO J. 25 (7), 1419–1425. doi: 10.1038/sj.emboj.7601049

 Hruban, R. H., Goggins, M., Parsons, J., and Kern, S. E. (2000). Progression Model for Pancreatic Cancer. Clin. Cancer Res. 6 (8), 2969–2972.

 Huang, H., Daniluk, J., Liu, Y., Chu, J., Li, Z., Ji, B., et al. (2014). Oncogenic K-Ras Requires Activation for Enhanced Activity. Oncogene 33 (4), 532–535. doi: 10.1038/onc.2012.619

 Humphris, J. L., Johns, A. L., Simpson, S. H., Cowley, M. J., Pajic, M., Chang, D. K., et al. (2014). Clinical and Pathologic Features of Familial Pancreatic Cancer. Cancer 120 (23), 3669–3675. doi: 10.1002/cncr.28863

 Hussain, S. P., Hofseth, L. J., and Harris, C. C. (2003). Radical Causes of Cancer. Nat. Rev. Cancer 3 (4), 276–285. doi: 10.1038/nrc1046

 Illiano, P., Brambilla, R., and Parolini, C. (2020). The Mutual Interplay of Gut Microbiota, Diet and Human Disease. FEBS J. 287 (5), 833–855. doi: 10.1111/febs.15217

 Jandhyala, S. M., Madhulika, A., Deepika, G., Rao, G. V., Reddy, D. N., Subramanyam, C., et al. (2017). Altered Intestinal Microbiota in Patients With Chronic Pancreatitis: Implications in Diabetes and Metabolic Abnormalities. Sci. Rep. 7, 43640. doi: 10.1038/srep43640

 Jesnowski, R., Isaksson, B., Möhrcke, C., Bertsch, C., Bulajic, M., Schneider-Brachert, W., et al. (2010). Helicobacter Pylori in Autoimmune Pancreatitis and Pancreatic Carcinoma. Pancreatology 10 (4), 462–466. doi: 10.1159/000264677

 Klein, A. P. (2021). Pancreatic Cancer Epidemiology: Understanding the Role of Lifestyle and Inherited Risk Factors. Nat. Rev. Gastroenterol. Hepatol. 18 (7), 493–502. doi: 10.1038/s41575-021-00457-x

 Knorr, J., Ricci, V., Hatakeyama, M., and Backert, S. (2019). Classification of Helicobacter Pylori Virulence Factors: Is CagA a Toxin or Not? Trends Microbiol. 27 (9), 731–738. doi: 10.1016/j.tim.2019.04.010

 Koh, A., De Vadder, F., Kovatcheva-Datchary, P., and Bäckhed, F. (2016). From Dietary Fiber to Host Physiology: Short-Chain Fatty Acids as Key Bacterial Metabolites. Cell 165 (6), 1332–1345. doi: 10.1016/j.cell.2016.05.041

 Kolodziejczyk, A. A., Zheng, D., and Elinav, E. (2019). Diet-Microbiota Interactions and Personalized Nutrition. Nat. Rev. Microbiol. 17 (12), 742–753. doi: 10.1038/s41579-019-0256-8

 Komura, T., Sakai, Y., Honda, M., Takamura, T., Matsushima, K., and Kaneko, S. (2010). CD14+ Monocytes are Vulnerable and Functionally Impaired Under Endoplasmic Reticulum Stress in Patients With Type 2 Diabetes. Diabetes 59 (3), 634–643. doi: 10.2337/db09-0659

 Kraehenbuehl, L., Weng, C. H., Eghbali, S., Wolchok, J. D., and Merghoub, T. (2022). Enhancing Immunotherapy in Cancer by Targeting Emerging Immunomodulatory Pathways. Nat. Rev. Clin. Oncol. 19 (1), 37–50. doi: 10.1038/s41571-021-00552-7

 Kundu, J. K., and Surh, Y. J. (2008). Inflammation: Gearing the Journey to Cancer. Mutat. Res. 659 (1-2), 15–30. doi: 10.1016/j.mrrev.2008.03.002

 Larsen, N., Vogensen, F. K., van den Berg, F. W., Nielsen, D. S., Andreasen, A. S., Pedersen, B. K., et al. (2010). Gut Microbiota in Human Adults With Type 2 Diabetes Differs From Non-Diabetic Adults. PloS One 5 (2), e9085. doi: 10.1371/journal.pone.0009085

 Lee, K. A., Luong, M. K., Shaw, H., Nathan, P., Bataille, V., and Spector, T. D. (2021). The Gut Microbiome: What the Oncologist Ought to Know. Br. J. Cancer. 125 (9), 1197–1209. doi: 10.1038/s41416-021-01467-x

 Lee, C. J., Sears, C. L., and Maruthur, N. (2020). Gut Microbiome and Its Role in Obesity and Insulin Resistance. Ann. N. Y. Acad. Sci. 1461 (1), 37–52. doi: 10.1111/nyas.14107

 Lesina, M., Kurkowski, M. U., Ludes, K., Rose-John, S., Treiber, M., Klöppel, G., et al. (2011). Stat3/Socs3 Activation by IL-6 Transsignaling Promotes Progression of Pancreatic Intraepithelial Neoplasia and Development of Pancreatic Cancer. Cancer Cell 19 (4), 456–469. doi: 10.1016/j.ccr.2011.03.009

 Leslie, M. (2015). MICROBIOME. Microbes Aid Cancer Drugs. Science 350 (6261), 614–615. doi: 10.1126/science.350.6261.614

 Lu, Y., Onda, M., Uchida, E., Yamamura, S., Yanagi, K., Matsushita, A., et al. (2000). The Cytotoxic Effects of Bile Acids in Crude Bile on Human Pancreatic Cancer Cell Lines. Surg. Today 30 (10), 903–909. doi: 10.1007/s005950070042

 Maffei, V. J., Kim, S., Blanchard, E. T., Luo, M., Jazwinski, S. M., Taylor, C. M., et al. (2017). Biological Aging and the Human Gut Microbiota. J. Gerontol. A. Biol. Sci. Med. Sci. 72 (11), 1474–1482. doi: 10.1093/gerona/glx042

 Makki, K., Deehan, E. C., Walter, J., and Bäckhed, F. (2018). The Impact of Dietary Fiber on Gut Microbiota in Host Health and Disease. Cell Host Microbe 23 (6), 705–715. doi: 10.1016/j.chom.2018.05.012

 Meng, C., Bai, C., Brown, T. D., Hood, L. E., and Tian, Q. (2018). Human Gut Microbiota and Gastrointestinal Cancer. Genomics Proteomics Bioinf. 16 (1), 33–49. doi: 10.1016/j.gpb.2017.06.002

 Michaud, D. S., Izard, J., Wilhelm-Benartzi, C. S., You, D. H., Grote, V. A., Tjønneland, A., et al. (2013). Plasma Antibodies to Oral Bacteria and Risk of Pancreatic Cancer in a Large European Prospective Cohort Study. Gut 62 (12), 1764–1770. doi: 10.1136/gutjnl-2012-303006

 Michaud, D. S., Joshipura, K., Giovannucci, E., and Fuchs, C. S. (2007). A Prospective Study of Periodontal Disease and Pancreatic Cancer in US Male Health Professionals. J. Natl. Cancer Inst. 99 (2), 171–175. doi: 10.1093/jnci/djk021

 Mitsuhashi, K., Nosho, K., Sukawa, Y., Matsunaga, Y., Ito, M., Kurihara, H., et al. (2015). Association of Fusobacterium Species in Pancreatic Cancer Tissues With Molecular Features and Prognosis. Oncotarget 6 (9), 7209–7220. doi: 10.18632/oncotarget.3109

 Mowat, A. M., and Agace, W. W. (2014). Regional Specialization Within the Intestinal Immune System. Nat. Rev. Immunol. 14 (10), 667–685. doi: 10.1038/nri3738

 Mysak, J., Podzimek, S., Sommerova, P., Lyuya-Mi, Y., Bartova, J., Janatova, T., et al. (2014). Porphyromonas Gingivalis: Major Periodontopathic Pathogen Overview. J. Immunol. Res. 2014, 476068. doi: 10.1155/2014/476068

 Naderian, M., Akbari, H., Saeedi, M., and Sohrabpour, A. A. (2017). Polyethylene Glycol and Lactulose Versus Lactulose Alone in the Treatment of Hepatic Encephalopathy in Patients With Cirrhosis: A Non-Inferiority Randomized Controlled Trial. Middle East J. Dig. Dis. 9 (1), 12–19. doi: 10.15171/mejdd.2016.46

 Nilsson, H. O., Stenram, U., Ihse, I., and Wadstrom, T. (2006). Helicobacter Species Ribosomal DNA in the Pancreas, Stomach and Duodenum of Pancreatic Cancer Patients. World J. Gastroenterol. 12 (19), 3038–3043. doi: 10.3748/wjg.v12.i19.3038

 Ochi, A., Graffeo, C. S., Zambirinis, C. P., Rehman, A., Hackman, M., Fallon, N., et al. (2012). Toll-Like Receptor 7 Regulates Pancreatic Carcinogenesis in Mice and Humans. J. Clin. Invest. 122 (11), 4118–4129. doi: 10.1172/JCI63606

 Pagliari, D., Saviano, A., Newton, E. E., Serricchio, M. L., Dal Lago, A. A., Gasbarrini, A., et al. (2018). Gut Microbiota-Immune System Crosstalk and Pancreatic Disorders. Mediators Inflamm. 2018, 7946431. doi: 10.1155/2018/7946431

 Pesic, M., and Greten, F. R. (2016). Inflammation and Cancer: Tissue Regeneration Gone Awry. Curr. Opin. Cell Biol. 43, 55–61. doi: 10.1016/j.ceb.2016.07.010

 Piya, M. K., McTernan, P. G., and Kumar, S. (2013). Adipokine Inflammation and Insulin Resistance: The Role of Glucose, Lipids and Endotoxin. J. Endocrinol. 216 (1), T1–t15. doi: 10.1530/JOE-12-0498

 Puckett, Y., and Garfield, K. (2022). “Pancreatic Cancer,” in StatPearls (Treasure Island (FL: StatPearls Publishing LLC).

 Pushalkar, S., Hundeyin, M., Daley, D., Zambirinis, C. P., Kurz, E., Mishra, A., et al. (2018). The Pancreatic Cancer Microbiome Promotes Oncogenesis by Induction of Innate and Adaptive Immune Suppression. Cancer Discov 8 (4), 403–416. doi: 10.1158/2159-8290.CD-17-1134

 Pylayeva-Gupta, Y., Lee, K. E., Hajdu, C. H., Miller, G., and Bar-Sagi, D. (2012). Oncogenic Kras-Induced GM-CSF Production Promotes the Development of Pancreatic Neoplasia. Cancer Cell 21 (6), 836–847. doi: 10.1016/j.ccr.2012.04.024

 Raimondi, S., Lowenfels, A. B., Morselli-Labate, A. M., Maisonneuve, P., and Pezzilli, R. (2010). Pancreatic Cancer in Chronic Pancreatitis; Aetiology, Incidence, and Early Detection. Best Pract. Res. Clin. Gastroenterol. 24 (3), 349–358. doi: 10.1016/j.bpg.2010.02.007

 Ren, Z., Jiang, J., Xie, H., Li, A., Lu, H., Xu, S., et al. (2017). Gut Microbial Profile Analysis by MiSeq Sequencing of Pancreatic Carcinoma Patients in China. Oncotarget 8 (56), 95176–95191. doi: 10.18632/oncotarget.18820

 Riquelme, E., Zhang, Y., Zhang, L., Montiel, M., Zoltan, M., Dong, W., et al. (2019). Tumor Microbiome Diversity and Composition Influence Pancreatic Cancer Outcomes. Cell 178 (4), 795–806.e712. doi: 10.1016/j.cell.2019.07.008

 Rothschild, D., Weissbrod, O., Barkan, E., Kurilshikov, A., Korem, T., Zeevi, D., et al. (2018). Environment Dominates Over Host Genetics in Shaping Human Gut Microbiota. Nature 555 (7695), 210–215. doi: 10.1038/nature25973

 Ryan, D. P., Hong, T. S., and Bardeesy, N. (2014). Pancreatic Adenocarcinoma. N.Engl. J. Med. 371 (11), 1039–1049. doi: 10.1056/NEJMra1404198

 Sekirov, I., Russell, S. L., Antunes, L. C., and Finlay, B. B. (2010). Gut Microbiota in Health and Disease. Physiol. Rev. 90 (3), 859–904. doi: 10.1152/physrev.00045.2009

 Serna-Thomé, G., Castro-Eguiluz, D., Fuchs-Tarlovsky, V., Sánchez-López, M., Delgado-Olivares, L., Coronel-Martínez, J., et al. (2018). Use of Functional Foods and Oral Supplements as Adjuvants in Cancer Treatment. Rev. Invest. Clin. 70 (3), 136–146. doi: 10.24875/RIC.18002527

 Sethi, V., Vitiello, G. A., Saxena, D., Miller, G., and Dudeja, V. (2019). The Role of the Microbiome in Immunologic Development and Its Implication For Pancreatic Cancer Immunotherapy. Gastroenterology 156 (7), 2097–2115.e2092. doi: 10.1053/j.gastro.2018.12.045

 Shrader, H. R., Miller, A. M., Tomanek-Chalkley, A., McCarthy, A., Coleman, K. L., Ear, P. H., et al. (2021). Effect of Bacterial Contamination in Bile on Pancreatic Cancer Cell Survival. Surgery 169 (3), 617–622. doi: 10.1016/j.surg.2020.09.029

 Siegel, R. L., Miller, K. D., Fuchs, H. E., and Jemal, A. (2021). Cancer Statistic. CA Cancer J. Clin. 71 (1), 7–33. doi: 10.3322/caac.21654

 Sivan, A., Corrales, L., Hubert, N., Williams, J. B., Aquino-Michaels, K., Earley, Z. M., et al. (2015). Commensal Bifidobacterium Promotes Antitumor Immunity and Facilitates Anti-PD-L1 Efficacy. Science 350 (6264), 1084–1089. doi: 10.1126/science.aac4255

 Smith, P. M., Howitt, M. R., Panikov, N., Michaud, M., Gallini, C. A., Bohlooly, Y. M., et al. (2013). The Microbial Metabolites, Short-Chain Fatty Acids, Regulate Colonic Treg Cell Homeostasis. Science 341 (6145), 569–573. doi: 10.1126/science.1241165

 Smits, L. P., Bouter, K. E., de Vos, W. M., Borody, T. J., and Nieuwdorp, M. (2013). Therapeutic Potential of Fecal Microbiota Transplantation. Gastroenterology 145 (5), 946–953. doi: 10.1053/j.gastro.2013.08.058

 Song, S., Wang, B., Zhang, X., Hao, L., Hu, X., Li, Z., et al. (2015). Long-Term Diabetes Mellitus Is Associated With an Increased Risk of Pancreatic Cancer: A Meta-Analysis. PloS One 10 (7), e0134321. doi: 10.1371/journal.pone.0134321

 Sonnenburg, J. L., and Bäckhed, F. (2016). Diet-Microbiota Interactions as Moderators of Human Metabolism. Nature 535 (7610), 56–64. doi: 10.1038/nature18846

 Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., et al. (2021). Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 71 (3), 209–249. doi: 10.3322/caac.21660

 Takayama, S., Takahashi, H., Matsuo, Y., Okada, Y., and Manabe, T. (2007). Effects of Helicobacter Pylori Infection on Human Pancreatic Cancer Cell Line. Hepatogastroenterology 54 (80), 2387–2391.

 Tan, J., McKenzie, C., Potamitis, M., Thorburn, A. N., Mackay, C. R., and Macia, L. (2014). The Role of Short-Chain Fatty Acids in Health and Disease. Adv. Immunol. 121, 91–119. doi: 10.1016/B978-0-12-800100-4.00003-9

 Thomas, R. M., Gharaibeh, R. Z., Gauthier, J., Beveridge, M., Pope, J. L., Guijarro, M. V., et al. (2018). Intestinal Microbiota Enhances Pancreatic Carcinogenesis in Preclinical Models. Carcinogenesis 39 (8), 1068–1078. doi: 10.1093/carcin/bgy073

 Thomas, R. M., and Jobin, C. (2020). Microbiota in Pancreatic Health and Disease: The Next Frontier in Microbiome Research. Nat. Rev. Gastroenterol. Hepatol. 17 (1), 53–64. doi: 10.1038/s41575-019-0242-7

 Torres, P. J., Fletcher, E. M., Gibbons, S. M., Bouvet, M., Doran, K. S., and Kelley, S. T. (2015). Characterization of the Salivary Microbiome in Patients With Pancreatic Cancer. PeerJ 3, e1373. doi: 10.7717/peerj.1373

 Tucker, O. N., Dannenberg, A. J., Yang, E. K., and Fahey, T. J. 3rd (2004). Bile Acids Induce Cyclooxygenase-2 Expression in Human Pancreatic Cancer Cell Lines. Carcinogenesis 25 (3), 419–423. doi: 10.1093/carcin/bgh010

 Turnbaugh, P. J. (2012). Microbiology: Fat, Bile and Gut Microbes. Nature 487 (7405), 47–48. doi: 10.1038/487047a

 Vemuri, R., Sylvia, K. E., Klein, S. L., Forster, S. C., Plebanski, M., Eri, R., et al. (2019). The Microgenderome Revealed: Sex Differences in Bidirectional Interactions Between the Microbiota, Hormones, Immunity and Disease Susceptibility. Semin. Immunopathol. 41 (2), 265–275. doi: 10.1007/s00281-018-0716-7

 Vétizou, M., Pitt, J. M., Daillère, R., Lepage, P., Waldschmitt, N., Flament, C., et al. (2015). Anticancer Immunotherapy by CTLA-4 Blockade Relies on the Gut Microbiota. Science 350 (6264), 1079–1084. doi: 10.1126/science.aad1329

 Vincent, A., Herman, J., Schulick, R., Hruban, R. H., and Goggins, M. (2011). Pancreatic Cancer. Lancet 378 (9791), 607–620. doi: 10.1016/s0140-6736(10)62307-0

 Vital, M., Howe, A. C., and Tiedje, J. M. (2014). Revealing the Bacterial Butyrate Synthesis Pathways by Analyzing (Meta)Genomic Data. mBio 5 (2), e00889. doi: 10.1128/mBio.00889-14

 Wang, J. W., Kuo, C. H., Kuo, F. C., Wang, Y. K., Hsu, W. H., Yu, F. J., et al. (2019). Fecal Microbiota Transplantation: Review and Update. J. Formos. Med. Assoc. 118 Suppl 1, S23–s31. doi: 10.1016/j.jfma.2018.08.011

 Wei, M. Y., Shi, S., Liang, C., Meng, Q. C., Hua, J., Zhang, Y. Y., et al. (2019). The Microbiota and Microbiome in Pancreatic Cancer: More Influential Than Expected. Mol. Cancer 18 (1), 97. doi: 10.1186/s12943-019-1008-0

 Wu, C., Li, M., and Chen, W. (2021). Characteristics of Gut Microbiota in Cerulein-Induced Chronic Pancreatitis. Diabetes Metab. Syndr. Obes. 14, 285–294. doi: 10.2147/DMSO.S291822

 Yadav, D., and Lowenfels, A. B. (2013). The Epidemiology of Pancreatitis and Pancreatic Cancer. Gastroenterology 144 (6), 1252–1261. doi: 10.1053/j.gastro.2013.01.068

 Zambirinis, C. P., Pushalkar, S., Saxena, D., and Miller, G. (2014). Pancreatic Cancer, Inflammation, and Microbiome. Cancer J. 20 (3), 195–202. doi: 10.1097/PPO.0000000000000045

 Zampa, A., Silvi, S., Fabiani, R., Morozzi, G., Orpianesi, C., and Cresci, A. (2004). Effects of Different Digestible Carbohydrates on Bile Acid Metabolism and SCFA Production by Human Gut Micro-Flora Grown in an In Vitro Semi-Continuous Culture. Anaerobe 10 (1), 19–26. doi: 10.1016/j.anaerobe.2003.12.002

 Zhang, N., Ju, Z., and Zuo, T. (2018). Time for Food: The Impact of Diet on Gut Microbiota and Human Health. Nutrition 51-52, 80–85. doi: 10.1016/j.nut.2017.12.005

 Zhou, C. H., Meng, Y. T., Xu, J. J., Fang, X., Zhao, J. L., Zhou, W., et al. (2020). Altered Diversity and Composition of Gut Microbiota in Chinese Patients With Chronic Pancreatitis. Pancreatology 20 (1), 16–24. doi: 10.1016/j.pan.2019.11.013




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.

Copyright © 2022 Yang, Zhang and Zhu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-12-872019-g001.jpg
mi -~
Gut microbiota o .

& wfumeatory espunses B \nwn cesponses ©  Bileacid

- T 1 Bile acid

+‘|.R
é L] mg_h o

i v
@ =
- o o

Kmm N ‘and it apoplosis suppression






OEBPS/Images/fcimb-12-872019-g002.jpg
&

8 Pmblullu ¢ Butyric acid

/ yo PKA1 inhibitor

\ \’ Y e nname
ﬂ Iﬂ o {t; xY

A Fecal microbiota b Immunotherapy

transplantation
Gut microbiota

¥

P R e e





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/fcimb.2022.872019_cover.jpg
, frontiers ‘ Frontiers in Cellular and Infection Microbiology

Potential Roles of the Gut
Microbiota in Pancreatic
Carcinogenesis and Therapeutics





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Potential Roles of the Gut Microbiota in Pancreatic Carcinogenesis and Therapeutics

      

        		

          Introduction

        



        		

          Gut Microbiota

        



        		

          The Relationship Between the Gut Microbiota and PC

        



        		

          Mechanisms by Which the Gut Microbiota Causes PC

        

          		

            Inflammatory Responses

          



          		

            Immune Responses

          



          		

            Bile Acids

          



        



        



        		

          Risk Factors for PC in Relation to the Gut Microbiota

        

          		

            Diet and Lifestyle Habits

          



          		

            Obesity

          



          		

            Diabetes

          



          		

            Chronic Pancreatitis

          



        



        



        		

          The Gut Microbiota and the Diagnosis and Prognosis of PC

        



        		

          The Role of the Gut Microbiota in Prevention and Treatment of PC

        

          		

            Fecal Microbiota Transplantation

          



          		

            Probiotics

          



          		

            Butyric Acid

          



          		

            Immunotherapy

          



        



        



        		

          Conclusion

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Study Study design
Michaud et al. Prospective
(Michaud et al., 2013) cohort study
Fan et al. (Fan et al., 2018) Case-control
Jesnowski et . Case-control
(Jesnowski et al,, 2010)

Armougom et al. Case-control
(Armougom et al., 2009)

Larsen et al. Case-control
(Larsen et al., 2010)

Jandhyala et . Case-control
(Jandhyala et al., 2017)

Torres et a Cross-sectional
(Torres et al., 2015)

Niisson et al. Case-control
(Nisson et al., 2006)

Mitsuhashi et al Case-control
(Mitsuhashi et al,, 2015)

Riquelme et al. Cohort study
(Riquelme et al., 2019)

Sivan et al. Piot

(Sivan et al,, 2015)

Microbiome
specimen

Plasma

Oral

Pancreas
Feces
Feces
Feces
Salvary
Pancreas
Pancreas

Pancreas

Feces

Detection method

Antibiotics to oral
bacteria

168 sequencing
168 sequencing
GPCR

GPCR

168 sequencing
168 sequencing
DNA sequencing
GPCRRT-PCR

165 sequencing

168 sequencing

Microbial change

1Porphyromonas gingivalis (ATTC 53978)

1Porphyromonas gingivals and Aggregatibacter
actinomycetemcomitans, |Fusobacteria and
Leptotrichia

NA

1Lactobacillus, | Bacteroidetes,
1Methanobrevibacter smithii
1Betaproteobacteria, | Firmicutes and Clostridia

|Faecalbacterium prausnitzii and Ruminococcus
bromii
TLeptotrichia, |Porphyromonas

NA
NA

1Aipha diversity; 1Saccharopolyspora,
Pseudoxanthomona, Streptomyces, Bacillus

clausii
1Bifidobacterium (OTU_681370)

Author conclusion

Twofold higher risk of PG among individuals with high levels of antibodies
against P. gingivalis

Presence of oral microbiota are related to increased risk of PC. Decreased
relative abundance of Fusobacteria and Leptotrichia are associated with
subsequent risk of PG

H. pylori cannot trigger PC directly

Lactobacilus increases in some obese patients and M. smithil increases in
anorexic patients

Patients with type 2 diabetes is associated with compositional changes in gut
microbiota

The gut microbiota altered in patients with chronic pancreatits, especially in
patients with diabetes

“The ratio of Leptotrichia to Porphyromonas in the saliva may be used as a
biological marker of PC

Gastric and enterohepatic Helicobacter species suggest a possile role in the
development of chronic pancreatitis and PC

Fusobacterium species may be a prognostic biomarker of PG

“The tumor microbiome diversity can determine the survival of PDAC patients

Bifidobacterium promotes T-cell mediated antitumor immunity and activates
anti-PD-L1 efficacy

PC, pancreatic cancer; PDAC, pancreatic ductal adenocarcinoma; NA, not applicable; qPCR, quantitative PCR; RT-PCR, reverse transcription POR; OTU, operational taxonomic unit; PD-L1, programmed cell death-ligand 1.

+: number increased: |: number decreased.





