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    Due to the numerous side effects of chemotherapeutic treatment agents and synthetic drugs, research on human diseases has increasingly focused on natural mechanisms for managing, treating, and curing them. The use of beneficial microbes called "Probiotics" has been identified as one of such natural mechanisms. Microorganisms such as these are normally responsible for preventing infection and aiding in the process of nutrition. Research in the probiotic field always benefits from reinforcing knowledge and understanding how probiotics can be used for the prevention and treatment of a wide range of human diseases.




    Probiotics have a wide range of beneficial effects on human health, including their role in preventing and treating various types of cancer. I have the honor of introducing the fourth volume of Frontiers in Cancer Immunology [Anticancer Immunity: Reviewing the Potential of Probiotics], which contains 11 chapters and 315 pages, edited by Dr. Mitesh Kumar Dwivedi, Dr. Alwarappan Sankaranarayanan, and Dr. Sanjay Tiwari. This book highlights their mechanistic role in cancer, and provides evidence that probiotics can be beneficial in treating human cancers through a number of animal and human studies.




    According to my own experience, knowing how probiotics work gave us a better understanding of their effects under different conditions. This book was developed by an expert team of researchers with a special final chapter titled "Future Challenges in Probiotic-Based Anticancer Immunotherapy", which emphasizes the importance of conducting more human clinical trials with a larger number of subjects in order to determine the appropriate dose/benefit of using probiotics as adjuncts to cancer treatment.




    Considering that the topic of the present book is related to our clinical research, I believe it will have a significant impact on the field of probiotics. Right now, we are studying how microbes affect the progression of cancer or the treatment of different mucosa.




    Greetings and best wishes for the present book.




    Wishing you the best,




    

      Julio Plaza-Diaz


      Department of Biochemistry and Molecular Biology II


      School of Pharmacy, University of Granada


      18071 Granada


      Spain
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    The fourth volume of Frontiers in Cancer Immunology [Anticancer Immunity: Reviewing the Potential of Probiotics] consists of total 11 chapters, which are focused on the role of probiotics in exerting the anticancer immunity towards cancer of prostate, bladder, pancreas, oral and oropharyngeal region, thyroid, lymphoma, and renal cell carcinoma. In addition, the roles of gut microbiota in the dysbiosis and management and/or prevention of these cancers are also put forward.




    The subsequent few chapters discuss how probiotics can be used as adjuvants and can be used to prepare different formulations to generate anticancer immunity. Further, the use of prebiotics and postbiotic has also been discussed to aid in anticancer immunity. The final chapter highlights the future challenges in developing probiotic-based anticancer immunotherapy and its applications.




    We believe that this book will certainly provide recent updates and scientific evidence to support the role of probiotics in anticancer immunity against various cancers. The book would be beneficial for the academic as well as research fraternity such as academicians, scientists, budding researchers, and health professionals.




    We editors are thankful to all the authors for providing interesting insights into probiotics in anticancer immunity towards various cancers. We are also grateful to the publisher for the successful publication of this book.
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      Abstract




      The human body is colonized by microbial cells that are estimated to be as abundant as human cells, yet their genome is roughly 100 times the human genome, providing significantly more genetic diversity. The past decade has observed an explosion of interest in examining the existence of microbiota in the human body and understanding its role in various diseases, including prostate cancer. Studies show that probiotics provide positive results in prostate cancer prevention and treatment. However, some studies argue that they should not be used, putting forward the fact they may cause infection in patients with very weak immunity. This chapter summarizes key microbiota alterations observed in prostate cancer niches, their association with clinical stages, and their potential use in anticancer therapy and management. In addition, the chapter discusses microbiota-based therapeutic approaches for prostate cancer.
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      1. INTRODUCTION




      Cancer is a serious health problem that has been seen since 3,000 BC, and its incidence continues to increase even today [1]. Cancer is a difficult disease to fight because of the many physical, social, material and spiritual ailments it carries with it. The incidence and death have been gradually increasing through-




      out the past century in many areas of the globe, mainly in developing countries, with 29.4 million new cases of cancer in 2040 [2].




      Cancer, a disease characterized by uncontrolled proliferation in cells, causes millions of deaths every year, seen as one of the biggest health problems that humanity struggles with. For this reason, a wide variety of methods are being tried and produced by countlessscientists for the treatment of cancer today [3].




      The current clinical management of cancer is the use of standard drugs. However, the long-term safety and stability of these chemotherapeutics drugs and different synthetic agents for the treatment of cancer are doubtful. Thus, these multi-drugs and hormonal chemotherapeutic agents not only kill cancer cells but also damage healthy cells and develop drug resistance [4]. In addition, these cytotoxic drugs are associated with life-threatening side effects that mostly result in worse than the malignancy of cancer itself [5]. Additionally, the rapidly rising incidence of oncological illnesses worldwide is complex and largely related to hereditary disorders and environmental variables, such as food and lifestyle choices [6]. These outside influences significantly alter the human gut microbiota, which can be used to alter host physiology and aid in the development of diseases like cancer [7].




      Given their ability to remove and scavenge carcinogens, probiotics may serve as antimutagens in addition to potentially altering the microbiota. There is large evidence that probiotics can help reduce the side effects of oncology treatments. Probiotics may potentially disturb the balance of the microbiota, albeit this is largely unclear [8-10].


    




    

      2. PROSTATE CANCER (PCa): A BRIEF OVERVIEW




      Prostate cancer treatment for a long time was centered on some conservative ideals that can be summed up as follows: A radical prostatectomy is a better alternative for treating PCa since it is a non-life-threatening disease with an organ-specific etiology that is frequent in older men and might be easily discovered by PSa screening [11]. As a result, societies all over the world are dealing with the paradoxical epidemic development of PCa as a non-communicable disease in the early twenty-first century. PCA has been identified as one of the most common cancers worldwide. The global age-standardized incidence and death rates of prostate cancer, which include both sexes, were 30.7 and 7.7, respectively [2]. Even though prostate cancer affects a huge percentage of the population, the risk factors for the illness have not been thoroughly researched or established.




      In several countries today, PCa is the most often diagnosed cancer in males and the second most prevalent cancer death of men after lung cancer. 1,276,106 new PCa cases were diagnosed in 2018, and 358,989 deaths from PCa-related causes were reported globally [12]. PCa has a broad spectrum of severity, ranging from clinically minor to extremely aggressive castration-resistant tumors. Additionally, it has been demonstrated that the three cancers—breast, prostate, and lung cancer—spread circulating tumor cells (CTC) in blood the greatest. Therefore, in PCa and other malignancies, CTC is a trustworthy indicator of the emergence of metastatic illness. In populations all around the world, metastatic PCa is more prevalent [13, 14].




      Dysbiosis, which is frequently linked to biochemical and immunologic abnormalities in the gastrointestinal tract (GIT), is a process in which chemotherapy and radiation therapy alter the composition of the intestinal microbiota [15]. The PCa management paradigm requires a critical revision to meet the needs of young populations, people at risk due to genetic and modifiable factors, and stratified patient cohorts benefiting from individualized treatment algorithms [16].




      This is similar to the already known and frequently discussed epidemic developments of other non-communicable diseases like type 2 diabetes and breast cancer. The immunological state of the organism, which is closely connected to probiotic bacteria and commensal bacterial flora found mostly in the digestive system, has a significant impact on cancer risk Fig. (1), despite the fact that cancer risk is definitely influenced by genetic determinants.
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Fig. (1))


      PCa-relevant risk fators and targeted prevention.



      Various approaches are being explored to alter the microbiota with the overarching goal of accelerating this dysbiosis toward aerobiosis or the homeostasis of the gut microbiota in order to reverse or slow the progression of cancer [17].


    




    

      



      3. GUT MICROBIOTA AND TUMOR MICROENVIRONMENT




      Various studies suggest a correlation between gut microbiota and intestinal cancer, demonstrating direct effects by bacteria in the gut; however, few studies show an association between gut microbiota and cancer in other organs, particularly those not primarily associated to the gut (e.g., the prostate). On the other hand, Liss et al. [18] demonstrated a relationship between the presence or absence of PCa and microbial composition, and that Bacteroides and Streptococcus spp. It was observed a significantly enriched in the gut microbiota of patients with PCa of 133 patients undergoing prostate biopsies in the United States. This implies that the gut microbiota may have an influence on PCa cells as well as gastrointestinal tumors. In vivo studies have demonstrated that several microorganisms raise the risk of prostate cancer. Cell cycle arrest, chromatin fragmentation, and cell death were discovered to be caused by Campylobacter jejuni cytolethal distending toxin [19].




      Additionally, it was discovered that Clostridium spp. converts glucocorticoids into androgens in the gut through side-chain cleavage, which may aid in the emergence of prostate cancer [20]. Escherichia coli is frequently found in the human intestine and usually coexists in symbiosis with the host, however, Cuevas-Ramos et al. [21] reported that E. coli infection in vivo triggered a DNA damage response with indications of inadequate DNA repair.




      Once gut microbiota composition varies substantially by area, it is not clear yet how gut microbiota (or a specific bacterial species) plays a role in PCa in each population. Furthermore, the pathways where the gut microbiome regulates PCa are unknown. Although the prostate is not a direct target of gut microbiota, it may be influenced indirectly by gut microbiota-modified cytokines and immune cells, also by bacterial metabolites and components absorbed from the intestine and entering systemic circulation (i.e., a “microbiota-gut-prostateaxis”) [22, 23].




      In this regard, it has been demonstrated that gut microbiota plays a key role in PCa carcinogenesis and may possibly have an impact on the tumor environment. PCa patients have not been shown to have an increase in the prevalence of any particular gut bacteria. On the other hand, the gut flora is directly and significantly impacted by diet and lifestyle. These reciprocal effects for disease propensity and treatment effectiveness have been well demonstrated in animal models [23]. With regard to this, clinical use of specific prebiotics and profile-adapted probiotics has been recommended. Probiotic treatment is already currently being considered for general PCa control.




      Probiotics alter the microbiome, but because of their ability to scavenge and remove carcinogens, they can also function as antimutagens. There is growing evidence that probiotics, prebiotics, and symbiotics are effective at lowering adverse effects (AEs) associated with cancer. However, experts are uncertain if probiotics, prebiotics, or symbiotics can upset microbiota balance since immunocompromised cancer patients are at a greater risk of infection and because there is a lack of solid scientific data [24].




      In general, the gut microbiota interacts symbiotically with the host immune system and promotes homeostasis. However, when this relationship is disrupted, chronic inflammatory and autoimmune immunopathology can result, which can aid in the development and spread of cancer (Fig. 2).
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Fig. (2))


      The human immune system is influenced by the gut microbiota and its metabolites, which in turn shape the TME. Short-chain fatty acids and inosine are two signaling molecules produced by the gut microbiota that are crucial in the treatment of cancer.



      Through controlling host immunity and intestinal epithelium, the interaction of gut microbiomes and microbiome metabolites in the tumor microenvironment (TME) influences the TME and either promotes or inhibits tumorigenesis [25, 26]. The tumor microenvironment (TME) is the setting in which cancers develop. It can control tumor development, encourage invasion and metastasis, facilitate tumor immune escape, and strengthen or weaken the carcinogenic process.




      Gut microbiota metabolites reach host cells and interact with one another, influencing immunological response and disease risk, promoting a range of tumor inhibitory and immunomodulatory actions, and reducing inflammation by preserving the epithelial barrier and digestive tract integrity. A lot of studies demonstrate that gut microbial metabolites and metabolic products regulate key host metabolic pathways such as food intake, obesity, lipid and energy balance [27-29].




      The gut microbiota has an impact on essential metabolic activities such as vitamin generation, defense against pathogenic microbes, and the metabolism of substances introduced through the host's food. One of the most important aspects of the gut microbiota's activity in the intestine is that they occupy ecological niches that may otherwise lead to disorders like inflammation and cancer [30]. Furthermore, by interacting directly with the host's bodily systems, probiotic organisms from gut microbial communities can modulate the immune system and gut epithelium, which is critical in cancer prevention [31].




      While the mechanism of microbiota-hormonal signaling is unknown at this time, there is a clear link between gut microbiota composition and changes in hormone levels that affect host immunity and metabolism [32]. Studies have also related the gut microbiota's modulation of hormone action to cancer, including colorectal, breast, and prostate cancer. The physiological implications of abnormalities in hormone release activity in the host are depicted in Fig. (3), which include alterations in metabolic processes and the control of inflammation and cancer in the gut.




      IBD, also known as chronic idiopathic inflammation of the gut, is made up of two primary conditions: Crohn's disease and ulcerative colitis (CD). With an estimated incidence of 505 per 100,000 in Norway and 322 per 100,000 in Germany for UC and CD, respectively, Europe and North America have the greatest documented prevalence of IBD. Although the incidence of IBD is steady in areas where it is very prevalent, trends in some recently industrialized nations in Africa and South America have been rising since 1990, increasing the global incidence [33, 34].




      Chen et al. [35] concluded through a meta-analysis that there is an increased risk (78%) of developing PCa in men with IBD. The chronic inflammatory state of the gastrointestinal (GI) tract predisposes these patients to an increased risk of developing various malignancies of the GI tract. In addition, there is growing evidence that the body's chronic inflammatory response and systemic treatment of IBD increase the risk of other extra-intestinal tumors, such as skin and hematopoietic malignancies [34, 36, 37].
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Fig. (3))


      An overview of how changes to hormone release activity might affect the health of the host due to changes in the gut microbiota (Adapted from Jaye et al. [38].



      Additionally, the innate inflammatory process in IBD may be linked to PCa risk [39, 40], with localized and/or systemic effects. For instance, the rectum is regularly involved in IBD (common in CD, always in UC), and rectal inflammation may be connected to prostate illnesses such as prostatitis either directly or indirectly. Through DNA damage and oxidative stress, chronic prostatitis may eventually trigger cancer in the prostate [41]. Furthermore, microbiome translocation from the inflamed colon to the bloodstream, where they may “home” to the prostate and other tissues, may contribute to prostatitis by creating an inflammatory environment, which is a possible reason. Additionally, pro-inflammatory cytokines like interleukin 6 mediate the inflammatory state of IBD (IL-6). In fact, PCa cells have increased IL-6 receptor expression, and IL-6 promotes the progression of cancer [42].




      Studies show that the effectiveness of probiotic products can be strain-specific as well as disease-specific. Therefore, knowledge of factors such as the combination of strain(s) with the target disease or condition, type of formulation, dose used, and source (manufacturing quality control and shelflife) are critical to successful treatment. Sniffen et al. [43] reviewed 249 studies and showed that although many probiotic products lacked confirmatory studies, sufficient evidence was found for the inclusion of 22 different types of probiotics and their role in different diseases, including inflammatory bowel disease. Of the probiotics reviewed, 68% showed strong to moderate evidence of efficacy for at least one type of disease, among which inflammatory bowel disease has an important influence on the development of PCa. Two different forms of probiotics had great efficacy for irritable bowel disease, while eight multi-strains had strong efficacy for inflammatory bowel disease. In two out of three trials, S. boulardii CNCM I-745 showed a significant improvement in IBD symptoms, providing moderate evidence.




      Two studies found a higher incidence of PCa in males with IBD overall, out of the nine research reviewed by Haddad et al. [44] and included a total of 205,037 men.




      In five more investigations, men with UC or CD, in particular, were found to have a higher chance of developing PCa. In UC patients and IBD patients who had received treatment, two further studies found a lower incidence of PCa.




      Changes in the microbiota, which lead to dysbiosis, are strongly related to systemic inflammation and metabolic syndromes. In adults, Proteobacteria are often associated with an increase in several diseases related to chronic inflammation, including colitis and it is probably related to prostate cancer. In addition to the influence of chemotherapy and radiotherapy on the gut microbiota, individual dietary choices can exacerbate the dysbiosis state [45, 46].


    




    

      4. ROLE OF PROBIOTICS IN PROSTATE CANCER




      Although there is still no complete elucidation of the mechanisms of action of probiotics, it is already scientific knowledge that they act to improve the immune system, playing a role in innate and adaptive immunity, thus increasing the general efficiency. Probiotics have also been noted to have an anti-inflammatory effect, which functions as an immune system regulator and aids in maintaining homeostasis when it comes to inflammatory and anti-inflammatory reactions [47]. Probiotics have also been linked to effects on the central and enteric nervous systems by activating opioid and endocannabinoid receptors [48].




      The biochemical association between dysbiosis and prostate cancer is becoming clear. The development of prostate cancer may be influenced by risk factors like bacterial and viral infections, pro-inflammatory microorganisms, and other environmental factors. Chronic inflammation is encouraged by the release of substances by the gut microbiota that is then transformed into pro-inflammatory cytokines. The development and spread of prostate cancer may be influenced by inflammatory stimuli, according to several studies [49, 50].




      Prostate cancer (PCa) patients' gut microbiota differs from that of males with benign prostate problems, according to a study by Liu et al. [51]. They also revealed that castration-resistant prostate cancer (CRPC) patients had much more intestinal Ruminococcus than hormone-sensitive prostate cancer (HSPC) patients. The involvement of gut microbiota dysbiosis in PCa development should be better understood by looking into Ruminococcus-related signaling pathways. Ruminococcus constituted one of the top bacterial genera contributing to glycerophospholipid metabolism, and plasma levels of glycerophospholipid, lysophosphatidylcholine acyl and phosphatidylcholine acyl were all positively linked with Ruminococcus. Phospholipid production and remodeling are mostly carried out by the enzyme lysophosphatidylcholine acyltransferase 1 (LPCAT1). Additionally, PCa progression and biochemical recurrence were indicated by overexpressed LPCAT1 [51, 52].




      In a case-control study, the gut microbiomes of men without prostate cancer and healthy controls had significantly different compositions. These differences may help to understand the pathophysiology of prostate cancer and continue research into its risk factors.The findings showed that controls had higher relative abundances of Faecalibacterium prausnitzii and Eubacterium rectalie and that prostate cancer patients had higher relative abundances of Bacteroides massiliensis than controls [53]. Similar findings were observed by Liss et al. [18] in their investigation of the association between faecal microbiota and prostate cancer risk factors in patients undergoing transrectal prostate biopsy. They showed that pro-inflammatory Bacteroides and Streptococcus species were significantly enriched in prostate cancer patients with significantly altered folate and arginine pathways. The prostatic disease-related microorganisms found in the prostate gland or prostatic discharge samples from various research are shown in Table. 1.




      The National Institutes of Health Human Microbiome Project's (NIH-HMP) findings [54] suggest that the study of the relationship between the human microbiome and health will develop quickly. Many studies have attempted to evaluate the relationship between genitourinary microbiota and urologic disorders, with an emphasis on their involvement in the pathogenesis and therapy of these major prostatic dysfunctions. However, the effects of the gastrointestinal microbiome on prostatic disease are poorly known.




      

        Table. (1) Detailed outline of microbes associated with the prostate disease found in the prostate gland or prostatic secretion samples.




        

          

            

              	Reference



              	Country



              	Study Design



              	Sample Size



              	
Sample


              Type




              	Main Outcomes

            


          



          

            

              	Estemalik et al. [55]



              	USA



              	Case series



              	14 CP



              	Prostatic secretion



              	(1) A total of 8 of 14 patients with CP had no less than one pathogen in their prostatic secretion samples.


              (2) Porphyromonas gingivalis, Treponema denticola, and Escherichia coli were identified within the sample individual.

            




            

              	Yu et al.


              [56]



              	China



              	Case-control



              	13 PCa and 21 BPH



              	Prostatic secretions/


              seminal fluid, voided urine



              	(1) Increased number of Bacteroidesbacteria, Alphaproteobacteria, Firmicutesbacteria, Lachnospiraceae, Propionicimonas, Sphingomonas, and Ochrobactrum in patients with PCa compared to patients with BPH.


              (2) Decreased number of Eubacterium and Defluviicoccus in patients with PCa compared to patients with BPH.


              (3) Escherichia coli in patients with PCa was increased in the prostate secretion and seminal fluid samples and decreased in urine, while Enterococcus was increased in the seminal fluid with little change in urine and prostate secretion samples.

            




            

              	Cavarretta et al. [57]



              	Italy



              	Case series



              	16 PCa



              	Prostate


              tissues



              	(1) Propionibacterium spp. were most abundant at genus level.


              (2) Staphylococcus spp. were more represented in the tumor/peritumor tissues.

            




            

              	Banerjee et al. [58]



              	USA



              	Case-control



              	50 PCa and 15 BPH



              	Prostate


              tissues



              	(1) Diverse microbiome signatures were identified in PCa tissues compared to BPH tissues.


              (2) Three prostate cancer-specific microbiome signatures were identified and related to the stages, grades and scores of PCa.

            




            

              	Feng et al. [59]



              	China



              	Case series



              	22 PCa



              	Prostate


              tissues



              	(1) Escherichia, Propionibacterium, and Pseudomonas were the most frequent genera.


              (2) The core tumor tissues were enriched for Proteobacteria.


              (3) African samples were enriched for Escherichia and Acidovorax, with plentiful Eubacterium linked to host tumor hypermutation.

            




            

              	Feng et al. [60]



              	China



              	Case-series



              	65 PCa



              	Prostate


              tissues



              	(1) Escherichia, Propionibacterium, Acinetobacter, and Pseudomonas were abundant and the core prostate microbiome.


              (2) The microbiome biodiversity could not be differentiated between the tumor and adjacent benign tissues.


              (3) Ten Pseudomonas genes were strongly associated with host small RNA genes; three of which may negatively correlate with cancer metastasis.

            




            

              	Ma et al. [61]



              	China



              	Case-control



              	32 PCa and 27 non-PCa



              	Prostatic


              fluid



              	(1) The diversity of microbiota was lower in the PCa patients compared to non-PCa patients.


              (2) Alkaliphilus, Enterobacter, Lactococcus, Cronobacter, Carnobacterium, and Streptococcus were different between the two groups.

            




            

              	Miyake et al. [62]



              	Japan



              	Case-control



              	45 PCa and 33 BPH



              	Prostate tissues



              	(1) The proportion of Mycoplasma genitalium was higher in PCa patients compared to BPH.

            


          

        




        

          [Abbreviations: CP = chronic prostatitis; PCa = prostate cancer; BPH = benign prostate hyperplasia]

        




      




      Based on several epidemiological studies, men with a history of chronic inflammation or prostatitis are at an increased risk of developing prostate cancer. However, the epidemiological associations between prostatitis and the development of prostate cancer are controversial. Currently, pharmacological and surgical therapy has been established as a therapeutic alternative for prostatic diseases. Unfortunately, multidrug and post-surgical complications remain significant concerns for these therapies. As a result, identifying the main actors in the participation of prostate biology is critical in the development of preventive and therapeutic techniques [63].


    




    

      5. PROBIOTIC-BASED ANTICANCER MECHANISMS INVOLVED IN THE TREATMENT OF PROSTATE CANCER




      Microbial species have been implicated in the progression of prostate disease. Typical prostate tissue contains an assortment of immune cells, including lymphocytes in the stroma or epithelium. As a result, microbes may play a role in tumor growth by influencing the immunological process (Table. 2). Although the exact mechanism driving the transformation of prostate cells into tumors remains unknown, there is enough evidence to relate it to the potential role of microbes and their metabolites, which may directly contribute to prostate cell genetic instability. This leads to abnormal cell proliferation and tumor development. In addition, microorganisms in the tumor environment appear to control prostate cancer apoptosis through a variety of mechanisms [64].




      

        Table 2 Pathways related to the carcinogenesis of some microorganisms.




        

          

            

              	Microbial Species



              	Cellular Target



              	Mechanism Effects

            


          



          

            

              	Escherichia coli



              	NF-kB, Cdc42, TLR



              	Promote value-added transfer, promote distant metastasis, inhibit apoptosis

            




            

              	Propionibacterium acne



              	VEGF, NF-kB, MAPK, cGAS-STING



              	Increase the inflammation

            




            

              	Staphylococcus ssp.



              	IncRNAs



              	Promote apoptosis of tumor cells

            




            

              	Chlamydia tracohmatis



              	IL-6, FGF-2, VEGF, ICAM-1, NF-kB



              	Progress, transfer, increase the inflammation

            




            

              	Human Papilomavirus



              	NF-kB, TLR, P53, Rb, Bcl-2, survivin, E-cadherin, N-cadherin, Twist, PTPN13 and SLUG



              	Promote value-added, transfer, inhibit apoptosis

            




            

              	Herpes simplex virus



              	NF-kB, TLR



              	Promote value-added transfer, inhibit apoptosis

            


          

        




      




      According to studies, probiotics' anticancer effects primarily result from the regulation of intestinal flora, modifications in metabolic activity, binding and degradation of carcinogens, immunomodulation to reduce chronic inflammation, lowering of intestinal pH, and inhibition of the enzymes that could otherwise produce carcinogens [65]. The beneficial impact of probiotics in the treatment of malignancies has been demonstrated, at least in animal models, even though those processes connected to the anticancer characteristics of probiotics are still not fully understood and remain partially unknown [66, 67]. Intestinal flora abnormalities not only contribute to the etiology of cancer but also its therapeutic effects.




      One of the presented roles of probiotics is to modulate the content of gut microbial species by keeping balance and reducing the growth of potentially pathogenic or cancer-inducing bacteria. Gram-positive probiotics, for example, may produce antimicrobial peptides, acetic, lactic, and propionic acid, which decrease the gut pH and, as a result, limit the development of several harmful Gram-negative bacteria.




      There is a lack of knowledge on how the gut microbiome influences prostate cancer risk and pathogenesis. However, several studies have been conducted to investigate the relationship between specific gut bacteria and prostate cancer risk and prognosis. Liss et al. [18] evaluated the gut microbiota of 133 males who had a transrectal prostate biopsy. They revealed substantial differences between cancer and non-cancer groups for several well-represented members, such as enhanced Bacteroides and Streptococcus spp in cancer compared to the non-cancer control group at the species level.




      Golombos et al. [53] examined the gut microbiota of 20 men undergoing therapy at a tertiary care facility for benign prostatic hypertrophy and prostate cancer (localized/intermediate and high risk). When prostate cancer cases were compared to controls, Bacteroides massiliensis was found to be in high relative abundance. Feacalibacterium prausnitzii and Eubacterium rectalie were more prevalent in relative abundance in controls. There are suggestions that butyrate, an anti-inflammatory vitamin generated by Faecalibacterium prausnitzii and Eubacterium rectalie, could be implicated in one of the pathways, hence inhibiting the development of prostate cancer [68].




      Changes in gut microbiota may also be driven by dietary composition, as detailed in a recent analysis of the relationship between microbiome, prostate cancer, and nutraceutical supplements. Polyphenol-rich meals or composite polyphenol supplements were observed to boost colonic metabolites, which contribute to prostate cancer chemoprevention [69]. As mentioned, colonic metabolites impact the gut microbiota, allowing probiotic bacteria to thrive. Further research into the gut microbiome and the extrinsic variables that influence its variety in the setting of prostate cancer is critical to develop tailored therapeutics.




      Significant inflammatory pathways that are involved in inflammation-induced carcinogenesis congregate at nuclear factor-kB (NF-kB) and transcription factor 3 (STAT3) (NF-kB). Inflammation and carcinogenesis can be effectively controlled by probiotics because they have been found to have anti-inflammatory mediators such interleukins, interferons, and cytokines. Recent research examining various methods of inhibiting inflammatory-related carcinogenesis using probiotic vectors expressing antioxidant enzymes (catalase, superoxide dismutase) or IL-10 (produced as cDNA or in expression systems inducible by stress—SICE) has revealed these strains as agents causing significant changes of the immune response as well as pre-neoplastic lesions or even the complete inhibition of tumor development [70].




      Antibiotics are a significant cause of disrupting gut microbial diversity, either temporarily or permanently, among external factors causing dysbiosis. It has been demonstrated that using antibiotics can lead to gut microbial dysbiosis, which can promote the translocation of pathogenic bacteria and cause chronic inflammation, a crucial trigger for carcinogenesis, including the development of prostate cancer [71]. A retrospective dataset of 27,212 cases and 105,940 controls were examined by Boursi et al. [71].It was discovered that using penicillin as well as quinolones, sulphonamides, and tetracyclines slightly raised the risk of developing prostate cancer.




      Despite antibiotics, the administration of oral probiotics appears to not only increase the diversity of the intestinal microbial population but also lessen the negative consequences of prolonged antibiotic therapy and intestinal dysbiosis. According to a recent original study by Manfredi et al. [72], oral delivery of the probiotic bacterium strain Escherichia coli Nissle 1917- EcN may alter the gut microbiome, which in turn may affect the prostate's inflammatory environment. Probiotic use should be investigated as a potential adjuvant prostate cancer therapy, since it may improve the chances that the treatment will be effective and decrease the risk of post-operative infections.


    




    

      6. GUT MICROBIOTA IN ANTICANCER THERAPY FOR PROSTATE CANCER




      Probiotics are a potential adjuvant for cancer treatment due to increased knowledge of the gut microbiome. The linkage of the genius-modulating gut microbiota with cancer has been linked in the same way that it has been described for colorectal and breast cancer. Growing evidence suggests that the influence of gut biota shows that the host responds to chemotherapy drugs in a systemic manner, with no cancer production. These intestinal questions are linked to various chemotherapies [61,63,73].




      The microbial composition of the GIT is altered by axis receptor and axis-directed therapies, the most common line of cancer cancer treatment. A cross-sectional study with 30 patients investigated the relationship between intestinal microbiota, hormonal control and cancer therapy assistance. The receptor substantially altered the intestinal biomaterials of men who received treatments targeting the oral androgen axis. Administration of probiotics after cancer therapy has been demonstrated in several trials to alleviate gastrointestinal-related stress and repopulate the common monthly microbiota [39, 61].




      Furthermore, Cimadamore et al. [74] reported that Ruminococcaceae spp. and Akcinphila, both involved in programmed anti-death-1 (PD-1) therapy. In patients who had Ruminococcaceae spp., antibiotic therapy was correlated with an increased risk of progressive disease. Table. 3 presents the relationship between pre, pro, and symbiotic treatment and prostate cancer.




      

        Table 3 Characteristics of two randomized controlled trials.




        

          

            

              	Reference



              	
Study Type,


              GRADE


              Evidence




              	
Participants, Tumour,


              Cancer Therapy




              	
Therapy, Tosage and


              Frequency




              	
Clinical Variables


              Evaluated




              	Main Effects

            


          



          

            

              	Ki et al.


              [76]



              	Randomized


              Placebo-controlled


              study


              [image: ]ΟΟ LOW



              	Prostate Cancer


              Radiotherapy


              Intervention group:


              20 patients.


              Control group: 20


              Patients



              	Intervention


              group: probiotic


              capsule containing


              1.0 Å ~ 108


              CFU of L.


              acidophilus


              Control group: placebo


              capsule twice daily



              	Percentage volume


              Change of the rectum (PVCR), defined as the


              the difference in rectal volume between the


              planning computed


              tomographic (CT) and


              daily megavoltage CT images.



              	
L. acidophilus was


              useful in reducing


              the change in


              rectal volume, the


              most important


              determining factor


              of prostate position,


              during radiation


              therapy for prostate


              cancer.

            




            

              	Nascimento et al. [77]



              	Randomized


              double-blind


              placebo


              controlled


              clinical trial


              [image: ]ΟΟ LOW



              	Prostate cancer


              Radiation therapy


              Intervention group:


              10 patients


              Control group: 10


              Patients



              	Intervention


              group: symbiotic


              powder containing L reuteri


              108 CFU


              and 4.3 g of soluble fiber


              (Nestlé).


              Control group: placebo.



              	The intensity of proctitis


              symptoms and quality


              of life measured by the sum of both complete


              (proctitis symptoms


              plus quality of life) and partial (proctitis


              symptoms) scores as measured by the European Organization


              for Research and Treatment of Cancer Quality of Life Module


              for Proctitis 23 items


              questionnaire.



              	Symbiotics reduce


              proctitis symptoms


              and improve quality


              of life in radiation-induced


              acute


              proctitis during


              radiation therapy for


              prostate cancer.

            


          

        




        

          [Modified from Miaron et al. [78]; Abbreviations: L. acidophilus, Lactobacillus acidophilus; L. reuteri, Lactobacillus reuteri; CTCAE, Common Terminology Criteria for Adverse Events; CFU, Colony forming unit].

        




      




      Different studies indicate that bacteria in the GIT regulate metabolic processes such as reduction, hydrolysis, dihydroxylation and dealkylation, which affect the efficacy of various chemotherapeutic agents [70, 71]. Alexandre et al. [75] proposed a TIMER model (Translocation, Immunomodulation, Metabolism, Enzyme Degradation and Reduced Diversity), which exposes the mechanisms of how the gut microbiota mechanically influences chemotherapeutic agents.


    




    

      CONCLUSION




      The early treatment of possible intestinal diseases is useful, as it is known that these diseases may be related to a greater propensity for the development of PCa. In practice, it is essential that clinical professionals know the characteristics of the different proposed products available for sale, considering that the different strains are different. Furthermore, choosing an appropriate probiotic is challenging, as a variety of factors are involved: probiotic products of specific efficacy for specific strains and diseases, differences in mechanisms of action for different probiotic strains, differences in manufacturing processes and product quality control, and differences in international regulatory requirements. International guidelines from pediatric or infectious disease organizations do not always agree on which probiotics should be used for each type of disease condition.
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      Abstract




      Bladder cancer accounts for an estimated 500,000 new cases and 200,000 deaths annually. The prevalence of bladder cancer is high, with more than 1.6 million people affected worldwide. Modern techniques not based on microbiological cultures, such as Next Generation Sequencing (NGS) of the 16S rRNA gene, have provided robust evidence that a urinary commensal microbiota exists. Few studies have shown a detailed analysis of the urinary microbiota in patients with bladder cancer. Therefore, the nature and role of many relevant bladder bacteria in the initiation and progress of bladder cancer remain under investigation. This chapter describes the main studies in this regard, as well as the underlying mechanisms, mainly immune-based. Moreover, if we talk about bladder cancer and the feasibility of probiotics as an alternative treatment acting on the microbiota, we must start by mentioning the functionality of the Bacille Calmette-Guérin (BCG) vaccine. Based on the immunogenic performance of the BCG vaccine, new therapies with probiotic bacteria were proposed, and in vivo and in vitro studies were performed with positive results in terms of tumor size reduction and recurrence reduction. Finally, the potential use of Bifidobacterium as a vector in specific gene therapy against bladder cancer is described.
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      1. INTRODUCTION




      

        



        1.1. Bladder Cancer: Epidemiology, Staging, Treatment, Risk Factors and Diagnosis




        Bladder cancer accounts for an estimated 500,000 new cases and 200,000 deaths annually, with a prevalence of more than 1.6 million people affected worldwide [1]. The risk of suffering bladder cancer throughout life is 1.1% in men and 0.27% in women [1]. The highest incidence is reported in developed Western societies, probably due to greater exposure to carcinogenic substances such as tobacco and less frequently to chemicals such as benzene and aromatic amines [2].




        Bladder cancer is a urothelial cell carcinoma that lines the bladder and represents a spectrum of situations, from recurrent chronic non-invasive tumors to advanced aggressive stages of the disease requiring multiple treatments. Technically, urothelial carcinomas include tumors in the bladder, upper urinary tract (renal pelvis and ureters), and proximal urethra. The bladder comprises 90-95% of urothelial carcinomas cases. Histologically, 75% of bladder cancers are pure urothelial carcinomas, and the remaining 25% include histological variants [3]. This has significant diagnostic, prognostic, and therapeutic implications. The histological variants of bladder cancer are divided into urothelial and non-urothelial.




        Among the main urothelial variants, there are the followings:





        

          	Urothelial carcinoma with divergent differentiation: 



            

              	With squamous differentiation: Up to 40% of cases.




              	With glandular differentiation: 20% of cases.


            


          




          	Micropapillary: 2-5% of cases.




          	Microcystic: 1-2% of cases.




          	Nested: <1% of cases.




          	Lymphoepithelioma-like: <1% of cases.




          	Plasmacytoid: 1-3% of cases.




          	Clear cells: <1% of cases.




          	Sarcomatoid: <1% of cases.


        




        Among the main non-urothelial variants, there are the followings:





        

          	Small cells carcinoma: <1% of cases.




          	Squamous cells carcinoma: <1% of cases.




          	Adenocarcinoma: 2% of cases.


        




        The American Joint Committee on Cancer uses the TNM system (tumor, node, metastasis) in conjunction with the Union for International Cancer Control system to classify bladder cancer and determine the appropriate therapy [4]. According to the mentioned systems [5], bladder cancer’s different stages have been classified as follows:





        

          	Stage 0a: Non-invasive papillary carcinoma.




          	Stage 0is: Non-invasive plane carcinoma, also known as plane carcinoma in situ.




          	Stage I.




          	Stage II.




          	Stage IIIa.




          	Stage IIIb.




          	Stage IVa.




          	Stage IVb.


        




        From the above TNM classification, a practical sub-classification is to divide bladder cancer into muscle-invasive tumors (MIBC, Muscle Invasive Bladder Cancer) and non-muscle invasive tumors (NMIBC, Non-Muscle Invasive Bladder Cancer). NMIBC tumors are isolated in the uroepithelium and lamina propria and are treated differently from MIBCs that invade the muscle or beyond.




        MIBC tumors account for 80% of localized bladder cancer, and NMIBCs account for 20% [6]. Another very practical sub-classification is to differentiate bladder cancer into high-grade or low-grade tumors. Low-grade bladder cancer is well differentiated, and although low, there is the possibility of recurrence, whereas high-grade bladder cancer is poorly differentiated, and it very likely to recur and grow. All these phenotypes involve genetic alterations giving rise to molecular subtypes that will make up the future paradigm of bladder cancer classification. It should be emphasized that bladder cancer is one of the tumors with the highest rate of mutations [5].




        The treatment depends on the subtype [5, 6]. For NMIBC, which in turn will depend on whether it is high or low grade, it is usually used intravesical therapy in the form of perioperative chemotherapy (after or before transurethral resection) or Bacille Calmette-Guérin (BCG) vaccine. BCG consists of live attenuated forms of Mycobacterium Bovis and is a form of immunotherapy with complex effects. In case intravesical BCG therapy does not work, there are alternatives: Radical surgical treatment in MIBC tumors, whereas NMIBC tumors are complemented with neoadjuvant systemic therapy. In metastatic cases, adjuvant therapy, cytotoxic drugs, and immunotherapy are also used.




        The main risk factor associated with bladder cancer development is age [2, 5]. Diagnosis means age is between 70 and 84 years. This is partly explained by continued exposure to carcinogens. Men are diagnosed between 3 and 4 times more than women, due in part to their lifestyle (greater smoking habit), the continuous contact of the bladder with carcinogens, due to greater urinary retention, prostatic hyperplasia, and other unknown factors. Tobacco supposes an attributable risk of 50%. As occupational toxins, there are benzene and other chemicals. Chronic inflammations are also important, being the paradigm of infection by Schistosoma haematobium, but also that caused by a Foley catheter or an increase in the size of the bladder. All these would result in an increase in cell proliferation predisposing to uroepithelial malignancy. Certain treatments for other tumors are also risk factors, such as pelvic radiation, cyclophosphamide, or some alkylating agents. Finally, there is a hereditary component.




        Bladder cancer is usually presented in the form of hematuria or microhematuria with or without irritative signs. Diagnosis is mainly based on cystoscopy with a direct vision of the tumor, confirming the suspicion by biopsy. Sometimes it is even accidentally diagnosed using imaging techniques [7].


      


    




    

      2. URINARY MICROBIOTA




      Recent studies have discarded the historical dogma that urine and bladder were sterile under normal conditions [8]. The studies relating to the urinary microbiota and pathological alterations of the bladder have been delayed more than those focused on other anatomical locations since the bladder was not included in the Human Microbiome Project. Modern techniques not based on microbiological cultures, such as Next Generation Sequencing (NGS) of 16S rRNA gene or metagenomic techniques, have provided robust evidence about the existence of a urinary commensal microbiota. If study it in tissues, the microbiota of the upper urinary tract (ureter, renal pelvis) is not identical in function to the lower tract (bladder, prostate, or urethra) [9].




      In contrast to feces, urine contains a low number of microorganisms besides a significant presence of genetic material from the host in shed uroepithelial cells. The sample collection method, sample volume, bacterial DNA extraction, 16S rRNA NGS gene primers selection, taxonomic assignment of sequences database, and statistical analysis have been found to have a great influence on the interpretation of the results. This, which is already important in high biomass locations, is even more significant in low biomass samples, such as urine. Therefore, these elements need to be controlled to reduce or minimize the probability of errors [10]. Contaminating elements, such as the presence of uroepithelial cells, as well as skin or vagina bacteria, can also cause inaccurate results [11].




      In most bladder microbiota studies, the usually taken sample is the urine of the middle portion after washing the genitals (clean-catch mid-stream urine). There are several considerations to correctly interpret the results. When collecting such urine, the lower urinary tract is close to regions of high biomass, such as the vagina in the case of women, which could be a significant source of contamination. In men, this fact is less important, however, the urine must pass through the urethra, and the microbiota of the bladder could be mixed with that of the urethra, which may not be identical [9]. Even so, due to its ease of obtaining and the fact that it is a non-invasive sample, it is considered an optimal sample and method for the study of bladder microbiota, although it may not be fully representative of it [10]. Other invasive alternatives, less used, are suprapubic aspiration and samples obtained through catheterization. Few studies have compared the microbiota obtained by the clean-catch midstream urine method and by suprapubic aspiration in the same patient, that is, with paired data. Differences in composition have been obtained with both samples [12]. However, there is no guarantee that even a microbiota analysis of the urine obtained by suprapubic aspiration will reflect the real or complete composition of the bladder microbiota, since bladder tissue bacteria that could even be forming biofilms, or the urine-bladder tissue interface (microbiota) could be different from the one in the urine.




      Along with methodological problems, the study design is of vital importance. It is very important to consider the various characteristics of the study groups, mainly age and sex. Although the number of studies is limited, some of these show significant differences in the urinary microbiota between men and women, which could be due to anatomical, hormonal, and local immunological differences. In 2013, in a study including 6 men and 10 women, Lewis et al. [8] observed significant differences in the composition of the microbiota at the gender level, with a tendency (not significant) to decrease the number of genera with age. The authors defend the presence of a core urinary microbiota in the bladder divided by age and sex groups and defined by subgroups of bacteria regularly present in the bladder at certain age ranges. Interestingly, the genera Jonquetella, Parvimonas, Proteiniphilum and Saccharofermentans appear exclusively in people over 70 years, regardless of sex [8]. Curtiss et al. (2018), wanted to show that the representative urinary microbiota of the bladder varied with age and menopause. In order to demonstrate that, they studied the urinary microbiota obtained with the clean-catch midstream urine method in 79 women. In general, they did not find a significant correlation between age and the genera identified, and there were small significant differences in the frequency of appearance between the bacteria present before and after menopause (with a tendency to lose genera with menopause). The exception was the abundance of Lactobacillus in the urinary microbiota of premenopausal women and the abundance of Molibuncus in postmenopausal women [13]. The explanation for the loss of Lactobacillus with menopause is the drop in estrogens, previously documented by other authors. Therefore, the matching of the study groups in terms of age and sex is of vital importance to be able to define a urinary microbiota dysbiosis situation representative of the bladder. Other factors related to the host, not modifiable, that would influence the composition of the urinary microbiota, are genetic factors. These genetic factors can influence the local innate immune response and influence bacterial colonization of the bladder. Furthermore, they may favor or not the accommodation of certain bacteria through specific adhesion receptors, for example [14].
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