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Simple Summary: It is vitally important that scientists are able to describe their work simply and 

concisely to the public, especially in an open-access on-line journal. The simple summary consists 

of no more than 200 words in one paragraph and contains a clear statement of the problem 

addressed, the aims and objectives, pertinent results, conclusions from the study and how they will 

be valuable to society. This should be written for a lay audience, i.e., no technical terms without 

explanations. No references are cited and no abbreviations. Submissions without a simple summary 

will be returned directly. Example could be found at http://www.mdpi.com/2076-2615/6/6/40/htm. 

Abstract: Hepatocellular carcinoma (HCC) covers a malignant form of primary liver cancer. 

Intricate networks linking to the host immune system may be associated with the pathogenesis of 

HCC. A huge amount of interdisciplinary medical information for the treatment of HCC has been 

accumulated over the most recent years. For example, advances in new immunotherapy have 

improved the result of treatment for the HCC. Advantageously, this approach can be combined with 

standard conventional treatments such as surgical resection to improve the therapeutical 

consequence. However, several toxic effects of the treatments may stand a significant threat to 

human health. Now, the shift in mindset is important for the concept of superior cancer therapy, in 

which probiotics-therapy may be inspired at least within the warranty of safety. The interplay 

among the gut microbiota and immune system could affect the efficacy of several anticancer 

treatments including immune checkpoint therapy via the alteration of Th17 cell functions against 

various malignant tumors. Here, some of the recent anticancer techniques are discussed, in which 

the growth of HCC might be effectively repressed with safety. 
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1. Introduction 

Main liver cancers containing hepatocellular carcinoma (HCC) are the second most lethal cancer 

in global. The HCC is nearly constituting more than 3 quarters of malignant cases, which is so 

aggressive malignancy that it has been a social healthcare problem [1]. Medical treatments for HCC 

are decided on the clinical stages of the disease. Local therapies such as resection including 

hepatectomy, ablation, and/or irradiation are the traditional treatment for the early stages of HCC 

[2]. Surgical management may be the most vital method for HCC patients to achieve long-term 

survival. However, the 5-year survival rate might not be satisfactory with considerable rate of 

patients relapsing within 5 years [3]. In addition, the HCC is frequently detected at the point of 

unresectable advanced stages [4], which may be rendering the cure rate extremely low [5]. 

Thoughtlessly, systematic palliative management might be the opportunity for most patients with 

radical-stages of HCC [6]. Although the viral hepatitis, hepatitis B virus (HBV) and hepatitis C virus 

(HCV), is one of the most substantial reason for the development of HCC, alcoholic liver disease 

(ALD) and/or nonalcoholic fatty liver disease (NAFLD) may also be the conspicuous reason for the 
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development of HCC [7]. The ingestion of high fat in addition to bacterial endotoxins might be the 

probable pathogenesis of NAFLD and HCC [8]. In addition, liver fibrosis, aflatoxin-induced liver 

toxicity, diabetes, smoking, and immune-related diseases including autoimmune hepatitis could also 

be important risk factors for HCC [9,10]. Interestingly, increasing evidence has directed to an 

important role of the gut microbiota and/or their various metabolites in the development of HCC. 

Because an imbalance in the composition of gut microbiota may result in chronic inflammation 

and/or the development of NAFLD or HCC [11,12] (Figure 1). 

 

Figure 1. A hypothetical representation and overview of the pathogenesis during the development of 

hepatocellular carcinoma (HCC). Hepatitis B virus (HBV), hepatitis C virus (HCV), alcoholic liver 

disease (ALD), and/or non-alcoholic fatty liver disease (NAFLD) as well as Th17/Treg balance and/or 

gut microbiota could independently contribute to the pathogenesis of HCC. Arrowhead indicates 

stimulation whereas double-arrowheads suggests bidirectional stimulation. Note that several 

important activities such as anti-inflammatory reaction pathway have been omitted for clarity. 

Preoperative medical factors such as anesthesia, hypothermia, and systemic inflammatory 

responses may support to the micro-relapse of early cancers [13]. In addition, a problem of surgical 

removal of tumors may be the risk of detaching cancer cells into systemic circulation [13]. Occult 

microscopic cancers in different organs including prostate and/or breast are common in over-all 

population [14]. Under these conditions, an immunotherapy synergizes with radiotherapy enhancing 

their antitumor reactions with favorable clinical consequences [15]. Subsequently, not all patients 

may exhibit greater efficiencies of the combined radioimmunotherapy [16,17]. Hence, further 

optimization might be more helpful [18]. In general, cancer therapy promotes reactive oxygen species 

(ROS) [19], which could produce more or less inflammation in non-target organs [20]. Additionally, 

cytotoxic lymphocytes, neutrophils, and/or macrophages might move to the inflammation spot to 

clear damaged cells [21]. Inflammatory cells may secrete various chemokines, cytokines, and growth 

factors, which could accidentally promote the cell growth of tumors. [22]. In these ways, resection 

surgery is the primary treatment method, however, which has a high recurrence rate. Adverse 

reactions of anti-cancer drugs may occur more severely than those of other treatment drugs, which 

might furthermore damage healthy cells. In addition, the treatment effect would be reduced and/or 

even vanished by the development of drug resistance [23]. Some arrangement of chemotherapeutic 

drugs with radiation therapy had been one of the most promising strategies giving improved survival 

of various cancers [24]. 
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Inventions in technology and operative technique have required to further improve survival 

[25]. Particularly, newfangled treatments with few side effects had been immediately required. Here, 

we discuss some of the recent anticancer procedures or tactics, which could effectively contribute to 

the inhibition of HCC growth. This paper also attempts to generalize modern cancer therapeutics in 

terms of hypothetical cancer physiology. We then fall into the specific effects of future concept for the 

superior cancer treatment with the combination of probiotics proficiency. 

2. Possible Recent Cancer Therapies Against Hepatocellular Carcinoma 

Photothermal therapy (PTT) and photodynamic therapy (PDT) are relatively new strategies for 

cancer therapy, which are therapeutic methods with low toxicities utilizing photosensitizers 

preferentially accumulating in tumor tissue. The PTT and PDT have gradually emerged because of 

their spatial selectivity and/or relatively lower resistance, which could be utilized in the combination 

with other therapeutic modalities such as chemotherapy and/or immunotherapy. Usually, the PTT 

uses photosensitizers with specific light absorption to convert into heat energy for eliminating cancer 

cells, while the PDT exploits photosensitizers to yield ROS in the existing of particular wavelengths 

of light. The PTT could cause relatively little damage to surrounding healthy cells, since thermal 

effects only occur when specific light is applied in the presence of photosensitizers [26]. When the 

tumor tissues are exposed to the specific light, the activated photosensitizers might produce ROS in 

the usage of PDT, which could damage tumor cells and/or the neovascularization to tumores [27]. 

Photosensitizers for PTT and/or PDT may contain several nanoparticles, metal materials, and carbon-

based materials [28]. Prostate cancer is one of the most common cancers in men and is asymptomatic 

in the early stage of the cancer with favorable indication of PTT/PDT therapies. PTT/PDT might 

considerably improve the outcome even in advanced prostate cancer with reduced systemic toxicity. 

In addition to these therapies, laser-induced PTT against HCC has attracted extensive attentions 

because of its strong tissue penetration with favorable biosafety [29]. Moreover, several data have 

also confirmed the inhibitory effect of PDT in tumor cells growth both in HCC and 

cholangiocarcinoma [30]. 

Procedures with immune checkpoint inhibition might be one of the most successful therapies 

for a number of cancers [31], which may activate specific immune cells such as CD3+ T-cell via the 

inhibition of a family of signaling receptors expressed on the surface of lymphocytes [32]. The 

signaling of immune checkpoints is indispensable in preventing excessive immune responses that 

could result in damaging to the host tissues [33]. Hence, their inhibition has been recognized to be a 

potent therapeutic mechanism in certain tumors [34]. Frequently used immune checkpoint inhibitors 

against various tumors may be made up of beneficial monoclonal antibodies such as ipilimumab, 

which can target the immune checkpoint of programmed cell death protein-1 (PD-1) and/or cytotoxic 

T-lymphocyte-associated protein 4 (CTLA4) [35]. Immunotherapy with these immune checkpoint 

inhibitors has been developed to applications in patients with a wide range of advanced cancers 

including Hodgkin's lymphoma, melanoma, non-small cell lung cancer, and head and neck 

squamous cell carcinoma [36]. It is amazing that application of the immunotherapy could achieve 

complete responses within an approximately 30% of patients [37]. Immune checkpoint inhibitors 

have been also permitted for the clinical usage as to HCC treatment, which have revealed 

considerable efficacy in many clinical trials afterwards [38]. Thus far, programmed cell death ligand 

1 (PD-L1), CTLA-4, PD-1, and/or several other immune molecules seems to be connected with their 

effectiveness for the advanced cancer therapy, also being associated to the modification of tumor 

microenvironment [39]. Each treatments could result in the stimulation of an anti-cancer immune 

system for killing cancer cells [40]. Favorably, almost few side effect has been noticed except 

reversible minor adverse events [41–43]. Mechanistically, the physiological association between the 

PD-1/PD-L1 pathway and both Th17/Treg cells has been shown, which may suggest a crucial role of 

PD-1/PD-L1 in the regulation of Th17/Treg cells [44]. Likewise, CTLA-4 therapy could also support 

Th17 cells [45]. In addition, the obstruction of CTLA-4 signaling could further inhibit the function of 

Treg cells [46]. Amazingly, IL-17 and its main supply Th17 cells could upregulate PD-L1 expression, 

which may impede the efficacy of the immunotherapy [47]. Furtheremore, Th17 cells are unaffected 
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to a steroid therapy [48]. Interaction of PD-1 with PD-L1 might trigger a reduction of PI3K signaling 

in T-lymphocytes leading to the introduction of Treg cells [49]. Th17 cells can ultimately differentiate 

into suppressive Treg cells [50], which may provide as a source of tumor-associated Treg cells. 

Therefore, excessive inflammation with Th17 cells might play imperative roles in some of 

inflammation-associated carcinogenesis [51], also targeting several specific antigens presented in 

malignant cancer cells [52]. The strategies to overcome this immune therapy-resistance of cancer cells 

seem to be moving toward an intensified strategy comprising a procedure with low adverse events. 

With recent advances, chimeric antigen receptor (CAR) immunotherapy has similarly become a 

favorable modality for patients with refractory cancers. CAR immunotherapies commonly utilize 

synthetic constructs that can bind to a specific target antigen in a major histocompatibility complex 

(MHC) independent manner. In general, the MHC could trigger a strong T cell activation directing 

to the removal of target cells. The successful results of CAR-T cell therapy in relapsed and/or 

refractory B-cell malignancies have shifted the paradigm of this immunotherapy by appearing the 

medical attention for the treatment of various solid tumors [53,54]. Afterward, the CAR-T 

immunotherapy has also achieved promising success in the treatment of HCC [55,56]. Identification 

of more specific targets in HCC might improve the therapeutic potential of CAR-T in the future [57].  

Oncolytic virus therapy characterizes an effectual immunotherapeutic approach againse 

cancers. The oncolytic virus may stimulate antitumor responses both through tumor cell-specific cell 

lysis and by the activation of certain immune system. Some viruses are naturally capable of killing 

cancer cells [58]. With the genetic engineering modification, virus mutants with oncolytic activity 

could be just restricted to tumor cells, which might reduce the virus-induced non specific toxicity in 

normal tissues/organs. There is growing evidence that the success of oncolytic virus therapy may 

depend on the tumor microenvironment [58], which is considered to be the most promising cancer 

treatment along with surgery, chemotherapy, and radiotherapy [59]. Some evidence for the 

application of oncolytic viruses therapy in HCC have been suggested [60]. In addition, oncolytic 

vaccinia virus could significantly enhance the cytotoxicity in HCC through the activation of 

PI3K/AKT signaling pathways [61]. 

3. A New Concept for the Cancer Therapy 

Oncology is one of the most interdisciplinary research fields. In addition, a wide range of 

diagnostic and/or treatment technologies are accessible. Even though cancer has been 

comprehensively studied in these ways, a shift in mindset might be required for the concept of 

forthcoming cancer therapy. The efficacy of treatment procedures might principally depend on the 

balance between cure efficacy and toxicity. In this meaning, probiotics could have been used at least 

as an adjunctive therapy for the cancer treatments [62,63]. Humans and bacteria have a symbiotic 

relationship, which sustain substantial influences on our health. Interestingly, some bacteria strains 

have been identified to possess therapeutic capability for anticancer activities [64]. Residential 

bacteria have been identified everywhere in tissues even including brains, kidneys, placenta, and/or 

breast [65]. Some bacteria could surely affect the growth of solid tumors. On the contrary, it has been 

shown that Helicobacter pylori has been proved to increase the risk of developing gastric cancer [65]. 

In addition, enterotoxins of B. fragilis may contribute to the cancer development through the 

activation of signal transducer and activator of transcription (STAT) signaling [66]. However, certain 

commensal bacteria may inhibit the development and/or progression of inflammatory bowel disease-

related cancer [67]. Similarly, it has been reported that Saccharomyces boulardii (S. boulardii) may 

effectively reduce the carcinogenesis in an AOM/DSS induced mouse model [68]. In addition, 

Clostridium butyricum could enforce the inhibitory effect on the inflammation in mouse intestine [69]. 

A strain of Salmonella typhimurium could cause cell death for prostate cancer cell lines via various 

mechanisms [70]. Moreover, Clostridium novyi could also cause direct cytotoxicity via the disruption 

of lipid bilayers of cancer cells [71]. Interestingly, the therapeutic bacteria could positively colonize 

in hypoxic areas of malignant tumors [72]. It has been shown that the combination of Salmonella 

typhimurium with traditional cancer chemotherapies could prolong the survival in mice [73]. 

Consequently, many bacteria-based cancer therapies have proceeded through clinical trials [74]. In 
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addition, the application of bacteria-based cancer therapies may cover several side effects in the 

treatment of radiotherapy and/or chemotherapy [74]. Particularly, certain probiotics could reduce the 

incidence of cancer therapy-related side effects such as oral mucositis and/or diarrhea [75]. Studies 

regarding E. coli, Salmonella Typhimurium, Salmonella Clostridium and other strains have demonstrated 

that bacteria-based cancer therapies combined with radiotherapy could reduce radiation-associated 

adverse damages [76,77], which could also improve the therapeutic effect and prognosis [78,79]. 

However, the behavior of association with cancer cells, bacteria, and immune cells during the 

bacteria-based cancer therapies should need more in-depth investigation. 

It has been reported that interrelationship between the immune system and the gut microbiome 

could determine the effectiveness of the cancer immunotherapy [80]. Therefore, modulation of the 

gut microbiome could optimize therapeutic outcomes upon immune-checkpoints blockade therapy. 

For example, it has been reported that L. acidophilus combined with anti-CTLA4 antibody blockade 

could enhance the antitumor immunity by synergistically improving antitumor T cell immunity in 

mouse model [81]. In addition, the antitumor effects of CTLA4 blockade may be determined by 

Bacteroides species including B. thetaiotaomicron and/or B. fragilis [82]. Consistenly, malignant tumor 

cells in antibiotic-treated mice had no response to CTLA4 blockade, suggesting that the beneficial 

bacteria may be deceased by the use of antibiotics [82,83]. Thus, savage with the B. fragilis could 

retrieve the effectiveness of CTLA4 blockade [83]. In addition, F. prausnitzii has anti-inflammatory 

properties recognized in colitis model animals [84], in which butyrate produced by the F. prausnitzii 

could improve the Th17/Treg balance for exhibiting anti-inflammatory effects [85]. In these ways, the 

relationship between gut microbiota and cancer treatment has been studied [86]. 

4. Epigenetics with Gut Microbiota Involved in Superior Cancer Therapy 

Evolving evidence connects a crucial role of gut microbiota in liver inflammation and/or the 

development of HCC [87]. Undoubtedly, the gut-liver axis might be the vital mechanism by which 

the gut microbiota could promote various liver diseases including HCC [88]. For instance, dietary 

cholesterol could induce the alteration of gut bacterial metabolites, which might be involved in 

NAFLD-associated HCC [89]. In addition, gut microbiota dysfunction may trigger a neutrophils 

accumulation into the gut epithelium that could change the composition of inflammatory cytokine, 

which may activate the T helper 17 (Th17) cells [90]. The intra-tumoral areas of HCC might be often 

in an immunosuppressive situation [91], which contain an amount of regulatory T (Treg) cells 

developing a link to help the immune escaping [92]. Correspondingly, increased quantities of Th17 

cells have been detected in tumor tissue [93] and/or even in peripheral blood [94] of the patients with 

HCC, however, which might be linked to negative disease outcomes [93,95]. Comparable results have 

also been observed in animal models, whereby limiting expansion of Th17 cells might decrease the 

growth of transplanted liver tumors in animal model [96]. The gut may be a possible site of Th17 cell 

production. In addition, gut microbiota might influence the differentiation of Th17 cells via 

regulating the function of dendritic cells [97]. Accordingly, there may be an intricate association 

between the development of Th17 cells and the progression of HCC with the role of gut microbiota 

(Figure 2). 
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Figure 2. A schematic representation and hypothetical overview of the immune checkpoint inhibitors 

against HCC. Certain gut microbiota could contribute to the potentiation of the immune checkpoint 

immunotherapy with the improvement of Th17/Treg immune cells’ balance. Some kinds of probiotics 

and/or fecal microbiota transplantation (FMT) could contribute to the alteration of gut microbial 

community for playing valuable roles to the potentiation of immune checkpoint therapy. Examples 

of certain beneficial microbial species with some effects on anti-cancer immune responses have been 

shown. Arrowhead indicates stimulation (or bidirectional stimulation), whereas ammerhead shows 

inhibition. Note that several important activities such as cytokine and/or chemokine production have 

been omitted for clarity. 

The resource of tumor-associated immune Th17 cells might be also linked to the gut [98]. 

Furthermore, Th17 cells appear to be associated with the HCC development, possibly via facilitating 

the angiogenesis of tumors [96,99]. Remarkably, modification of the gut microbiota could assist to 

avoid the incidence of the HCC [100]. Therefore, the alteration of gut microbiota may coincidentally 

induce the tumor development. Actually, gut bacterial metabolites have been known to play a role 

in the carcinogenesis of various cancers [101,102]. Besides, adjustment of gut microbiota reveals 

effective procedure of strengthening the anti-tumor immunity, which implies a close linking between 

gut microbiota and the oncopathogenic mechanisms of tumors [103]. The usage of several methods 

including probiotics and/or the fecal microbiota transplantation (FMT) may develop new models 

with the potential expediency available for HCC therapy. Especially, Th17 cells appear to be an 

advanced therapeutic target against certain situations of cancer-promotion such as excess production 

of ROS and/or severe inflammation. Tactics with employing probiotics and/or FMT could be 

advantageous at least to slow down the growth of HCC. 

Collecting evidence shows the association of dysbiosis in the HCC development. Some intestinal 

bacteria isolated from patients with NASH may present an increase in Klebsiella pneumoniae strains 

[104]. In addition, the predominant bacteria in patients with HCC-cirrhosis are Clostridium and 

Paraprevotellaceae family [105]. Depletion of these bacteria by antibiotics might prevent the HCC 

progression. In addition, some of antibiotic treatments may decrease the liver tumor growth via the 

control of natural killer T cell accumulation [106]. Now, the gut microbiome has appeared as an 

important factor regulating antitumor immunity governing the efficacy of chemo- and/or novel 

immunotherapies [107–109]. Liver may possibly be exposed to bacterial components and their 

metabolites via the portal vein, in which the gut microbiome could regulate to the development of 

HCC [110,111]. Therefore, gut commensal bacteria are potential targets for controlling the liver 
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tumorigenesis. Interestingly, it has been shown that patients with HCC have been identified to 

possess a higher proportion of Akkermansia muciniphila and Ruminococcaceae spp. [112]. The function 

of commensal bacteria might play a key role in keeping the cancer related immune homeostasis in 

the host [113]. 

5. Relationship Between Gut Microbiota and Epigenetics for the Superior Therapy Against HCC 

Epigenetic regulations incorporating modifications in DNA methylation, epigenetic silencing of 

microRNAs, histone phosphorylation, and histone acetylation may be innate alterations in gene 

expression [114]. These regulations have been realized to play a substantial role in carcinogenesis 

and/or for antitumor immunity [115]. Therefore, the application of epigenetic technology could be 

promising for enhancing the effectiveness of existing immunotherapies. It is becoming clear that 

epigenetics can play a significant role in carcinogenesis by altering the gene expression [116–118]. 

Tumoral bacteria may lead to cancer initiation and/or development by inducing the epigenetic 

alterations as well as the modulation of host immunity [119]. For example, some events from gut 

microbiota have been shown in considerable responses by CD4+/CD8+ T cell effector subpopulations 

[120]. On the other hand, pathogenic bacteria could play a significant role in the dysregulation of the 

epigenetic machinery of their target cells. Alterations in the gene expression pattern can interfere with 

the activity of several immune responses [121]. In addition, gut microbiota could enhance the effector 

cytokine production by adjustment of their epigenetic signatures [122]. The gut microbiota may also 

affect immune responses both directly and indirectly via the microbiota-derived metabolites [123]. 

Roles of gut microbiome in cancer should be understand more precisely and more research in this 

field might be required. 

Epigenetics with the adjustment of gut microbiota may be a favorable modulator of cancer 

therapies. For example, it has been shown that combining PTT with an epigenetic therapy could 

provoke advantageous immunomodulatory responses that result in improved survival in mice, in 

which the epigenetic therapy could improve the response to PTT by delaying the timing of tumor 

recurrence [124]. Similarly, it has also been shown that epigenetic modification of tumour antigens 

levels may be a novel approach to further enhance the effectiveness of PDT cancer therapy [125]. 

Moreover, epigenetic treatments based on administration of methyltransferase inhibitors in 

combination with PDT could offer effective mechanisms leading to development of antitumor 

immunity with potentiated antitumor effects [126]. Other new modalities of targeted therapy and/or 

immunotherapy such as CAR-T cell treatment, cancer vaccines, and/or oncolytic viral treatment 

might be also favorable with the appropriate gut microbiome for the epigenetic modification of 

tumour antigens levels, which could be some extra weapons against aggressive tumors [127]. 

Probiotics have been found to be helpful in many diseases, however, they do not always seem to be 

absolutely safe [128,129]. Consideration of risk-benefit ratio before setting this therapy should be 

recommended. Supervision is also mandatory to assess the security and effectiveness of the alteration 

of gut microbiome [130]. For example, probiotics could be responsible for systemic infections 

including inflammatory diseases and/or sepsis [131]. Probiotic bacteria have been also recognized as 

spontaneous factors of endometritis, urinary tract infections, meningitis, and spleen abscesses 

[132,133]. In addition, probiotic bacteria may result in chronic diarrhea, which might very slightly 

increase the risk of colorectal cancer [134]. Through interference with commensal microflora 

appropriately, they could result in honorable performances in the host. 

6. Future Perspectives 

The treatment of HCC has been drastically changing. Likewise, immunotherapy has turned out 

a breakthrough to inhibit the growth of tumor cells by activating an antitumor immunity for various 

cancers, which has revolutionized treatment strategies with increasing the chance of survival for 

cancer patients. [135]. These immunotherapies might also improve the survival of the HCC even in 

advanced stages [136]. Moreover, this strategy could be further empowered by an adapted patient 

selection. Gut microbiota-derived metabolites such as short-chain fatty acids (SCFAs) could be 

involved in the control of inflammation, which might be associated with the immune power shift 
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beneficial for the cancer treatment [137]. Certain diet may also be responsible for the gut dysbiosis 

which is an important factor for the therapeutic outcomes [138]. In addition, commensal bacteria are 

imperative in coordinating antitumor responses in the tumor microenvironment [139,140], which is 

the key interface between cancer cells and anticancer T-cells [141]. In this regards, we have reported 

an interesting relatiohship among the gut microbiota, cancer cells and immune T-cells by an “engram 

theory” for the innovative treatment of colon cancer in mice model [67,142] (Figure 3). Further 

investigations are required to understand the molecular mechanisms to develop treatment strategies 

and to get favorable clinical outcomes, which should focus on the design of patient-tailored cancer 

therapeutics by manipulating diverse microbiota-derived molecules. 

 

Figure 3. Schematic representation of the hypothetical effects of gut microbiota and/or brain engrams 

for the activation of cytotoxic T cells in the pathogenesis of inflammatory bowel diseases. Engrams 

may be shaped in the condition of repeated inflammation with ROS and/or various oxidative stresses, 

which could employ active immune cells to damage colon epithelium, brain neurons, and/or cancer 

cells. If certain commensal bacteria in the gut could inhibit the expression of Tob1, an APRO family 

protein, which might consequently further stimulate the cytotoxic T cells for the reduction of tumors. 

Note that some critical pathways such as Wnt/beta-catenin signaling have been omitted for clarity. 

“?” means for authors’ speculation. 

Many studies have been shown that the important crosstalks between cancer cells and cancer 

stem cells in a tumor microenvironment [143]. Cancer stem cells have been shown to develop 

neovascularization by expressing various angiogenic factors for the tumor growth [144]. Come to 

think of it, the progression of cancers may rely on the function of some host components such as gut 

microbiota and/or tumor microenvironment with close relation each other. Again, a shift in mindset 

may be required for the concept of forthcoming cancer therapy. Probiotics may be now promising 

not only for the cancer therapy, but also for the treatment of neurodegenerative disorders [145]. 

Henceforth, we now believe that the application of probiotics and/or FMT could expand for the 

treatment of autoimmune disease and the related inflammatory diseases. Consequently, huge 

number of researchers need to be united to comprehend the molecular mechanisms as well as to 

obtain some clues of therapeutic intervention against those intractable diseases. 
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