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Abstract 

The microbiome plays a significant role as a novel factor of biology that indirectly causes obesity through 

interactions with the host and diet. It affects sugar and fat metabolism and contributes to the regulation of a 

host's intestinal immunity. This is one of the mechanisms through which it contributes response to diet and 

the pathophysiology of diet-induced obesity. Obesity is a modern disease that has reached epidemic 

proportions in all societies due to the metabolic disorders and chronic inflammation it causes. Energy-rich 

diets and a sedentary lifestyle without exercise are factors that lead to obesity. This review aims to shed light 

on an important problem facing societies, the resulting threat to human health, and how to treat it using 

modern applications.  
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1. Introduction 

Recent research underscores the strong connection 

between gut microbiota and obesity, and later alters 

the microbiota of the gut, which is in turn closely 

related to obesity pathogenesis, as it affects host 

immunity & metabolism. Thus, interventions 

involving microbiota of the gut could be used to 

prevent and treat obesity [1]. An imbalance in the 

microbiota of the gut affects the metabolism 

process, which is closely linked to causing obesity, 

as it affects the body's immunity and metabolism. 

Therefore, interventions that focus on beneficial gut 

bacteria and their balance can be used to prevent or 

treat obesity [1,2]. Obesity is one of the most 

common and serious medical conditions in modern 

society. Depend on WHO  data, the obese 

population is increasing. Obesity effect by causes 

glucose intolerance, hypertension, metabolic 

disorders, dyslipidemia & hyperuricemia, a risk 

factor for ischemic heart disease, atherosclerosis. 

Therefore, the prevention, pathogenesis, and 

obesity treatment merit further investigation. 

Laboratory experiments have been conducted since 

2004, when [2] found for the first time that 

transferring bacteria from the feces of 

conventionally raised mice to experimental mice 

called GF mice increased fat mass and insulin 

resistance. The increased fat storage was ҆t due to 

increased food intake rather than a decrease in a 

fat-inhibiting factor [2,3,4]. In 2006, it was first 

shown that gut bacteria differ with obesity, and the 

researchers' results at the time showed that the ratio 

of Firmicutes to Bacteroides bacteria in humans 

and obese rodents increased[3]. Numerous studies 

have been conducted on gut microbes in obese 

patients to clarify the balance between different 

ethnic groups and some differences in geographical 

location and surrounding environment. These 
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differences may be attributed to interactions 

between multipleffactorshas 

dietyandeculturalkbackground [3,4,5,6].  

 In 2013studies conducted that transferring gut 

bacteria from obese human models or mice to 

gluten-free mice led to obesity later [4,5]. 

Furthermore, it was proven that disruption of gut 

bacteria resulting from antibiotic use in childhood 

increases the risk of obesity in adulthood[3,4,5]. 

obesity is closely linked to metabolic diseases. 

Studies on Oscillospira bacteria decrease with 

obesity and are expected to be candidates for the 

next generation of probiotics because they produce 

short-chain fatty acids such as butyrate. analyzed 

the gut microbiomes of about 420 twins and found 

that an abundance (Christensenellaceaek) lower 

BMI, transplanting cChristensenella-minuta into 

Gf-mice reduced weight gain [4]. 

A study by a researcher [5] showed that the relative 

abundance of Amuciniphila, which affects glucose 

metabolism, decreases in mice and humans with 

obesity and diabetes. In China, a metagenome 

analysis, serum metabolomics profiling revealed an 

abundance of kglutamate-fermenting. B. 

thetaiotaomicron reduced with obesity elevation 

with serum glutamine (Gln). Bariatric surgery 

and B. thetaiotaomicron administration decreased 

(Gln) levels in mice [6,7]. Hencek, B. 

thetaiotaomicron affects AA cycling and has anti-

obesity effects [6].  B. thetaiotaomicron upregulates 

intestinal 

lipidiabsorptionutransportersupromoteshhepatichlip

id biosynthesis, which may cause obesity and 

impaired glucose tolerance in high-fat diet-fed mice 

[7].  

2. Obesity treatmentjaltersaagutfmicrobiota 

A study by [8] indicates that weight loss plays an 

effective role in improving metabolic disorders 

associated with obesity, such as high blood pressure 

and diabetes. Another study of  [9] showed that 

reducing food intake and changing hormone levels 

that affect fat digestion, bile acid secretion, energy 

metabolism, and microbiota of gut,  metabolic 

effects of gastric sleeve surgery were eliminated in 

mice with disruptions in the FXR gene, suggesting 

that FXR signaling contributes to mreduced 

bodykweight and improved glycemic control after 

bariatric surgery [10]. Another group demonstrated 

the mechanism by which Roux-en-Y gastric bypass 

(RYBG) improves metabolism in rodents, 

specifically, it reduces bile acids with an increase 

(GLP-1) glucagon-like peptide 1, via L-cell 

proliferation. The reduction with bilelacids, the 

effect in Lactobacillus bacteria that decreased it, 

leads to intestinal L-cell proliferation, increased 

GLP-1 secretion, and improvements in glycemic 

control [11]. A study of [12] analyzed 40 subjects 

before and after RYBG that showed that RYBG 

improved chronic inflammation but increased 

proinflammatory bacteria andDlevels of (LPS)  

lipopolysaccharide and flagellin-specific 

immunoglobulin A (IgA) increased. Thus, 

increased intestinal IgA levels after bariatric 

surgery neutralize immunogenic bacteria and their 

components, leading to improved systemic 

inflammation [9,10,11]. 

2.1Gut microbiota and glucose metabolism 

A metagenomic analysis of patients of Chinese 

descent with type 2 diabetes revealed a decreaseSin 

butyrateSproducingSbacteria, an increase in 

methane metabolism and H2S production, increase 

in the expression of genes regulating resistance to 

oxidative stress [13]. A metagenomic analysis of a 

cohort of 145 healthy European women with 

impaired glucose tolerance and type 2 diabetes 

identified changes in the gut microbiota dysbiosis 

[14]. metagenomic profiles differ between diabetic 

and healthy individuals and can be a good predictor 

of impaired glucose metabolism. However, regional 

and ethnic differences in gut microbiota must be 

taken into account. Nevertheless, there is a strong 

link between microbial imbalance and impaired 

glucose metabolism. Furthermore, gut dysbiosis is 
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already present in the stage of impaired glucose 

tolerance, even before the onset of type 2 diabetes 

[14,15,16]. A metagenomic analysis of 

approximately 1,500 Swedish individuals showed 

that prediabetes and type 2 diabetes are 

characterized by changes in the gut microbiota and 

their functional genes, as well as a decrease in the 

abundance of butyrate-producing bacteria and the 

machine using a random forest algorithm to 

distinguish between individuals with prediabetes 

and diabetes and demonstrated that bacterial 

compositional/functional changes are associated 

with insulin resistance in the stage of impaired 

glucose tolerance [16]. Analyzing gut microbiota 

could help detect glucose intolerance at an early 

stage and improve intervention. A machine learning 

model to predict the development of type 2 diabetes 

in healthy and prediabetic patients has been 

challenging [17]. A metagenomic analysis of 74 

type 1 diabetes patients and nearly 300 healthy 

controls revealed microbial differences between the 

two groups; P. copri and Eubacterium siraeum 

were more prevalent in type 1 diabetes patients, 

while Firmicutes and Faecalibacterium prausnitzii 

were more prevalent in the control group. The 

altered bacterial species and metabolic pathways 

were associated with glycemic control [18]. Gut 

microbiota is also associated with type 1 and type 2 

diabetes (T1DM and T2DM), stool specimens of 

patients with type 1 diabetes using proteomics & 

discovered reduced intestinal barrier function, 

proteins affecting intestinal inflammation, and 

changes in the gut microbiota even before disease 

onset [18]. Tracking the gut microbiota in children 

congenitally predisposed to type 1 diabetes 

revealed temporary increases in the abundance of 

Ruminococcus gnavus and Streptococcus 

infantarius bacteria and a decrease in microbial 

diversity before disease onset [19]. immunological 

mechanism, the commensal gut bacterium 

Parabacteroides distasonis possesses a homologue 

similar to the insulin beta chain, a target protein of 

the autoimmune response in type 1 diabetes[20]. 

The presence of these bacteria can lead to the 

production of autoimmune antibodies that 

contribute to the development of type 1 diabetes 

[20]. Ruminococcus spp. may prevent the onset of 

type 1 diabetes by stimulating CD8+ regulatory T 

cells [21], suggesting a close interaction between 

the gut microbiota, the immune system, and the 

development of type 1 diabetes. 

3. Short-chain fatty acids 

The ShortOchainDfatty acids SCFA butyrate has a 

metabolic effect through its protein-coupled 

receptors AGPRs [22]. It is involved 

inHsecretionPPYY peptides in the intestinal cells, 

which in turn regulate insulin secretion by 

stimulating pancreatic β-cells [22,23]. Experiments 

on mice lacking receptors showed reduced PYY 

peptide secretion after consuming Short-Chain 

Fatty acids [22,23,24]. Short-chain fatty acids 

regulate energy metabolism and enhance 

sympathetic activation by GPR41 signaling [25]. 

GPR43 activation mediated via short-chain fatty 

acids in fat cells inhibits insulin signaling by 

inhibiting Akt phosphorylation, reducing fat 

accumulation [26].  Evidence suggests that 

increasing short-chain fatty acids in the body is 

metabolically beneficial. In addition to the 

ingestion of non-digestible polysaccharides, the 

production of Short-Chain Fatty acids (SCFAs) has 

been attributed to physical activity [27,28]. 

Injections of Short-Chain Fatty acids as acetate, 

butyrate, and propionate, into the distal colon 

increased fasting fat oxidation, resting energy 

expenditure, and PYYS concentrations in men [29]. 

3.1FXR/TGR5/bile acids 

The FXR receptor (NR1H4) (nuclear receptors) 

acts as a transcription factor in the cell [30]. It plays 

a main role in regulating the metabolism of 

glucose, bile acids, and lipids [31]. FXR, a group of 

genes that regulate metabolic processes, which is 

interestingly associated with intestinal microbiome 

(gut flora), has an influential role in this process. 

By reducing the concentration of muricoli acid, it is 
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one of the FXR inhibitors, leading to changes in the 

receptor’s activity and metabolism of its effects 

[30,31].   Mice that lack the FXR receptor show a 

disorder in blood lipid metabolism (dyslipidemia), 

which indicates a role for FXR in maintaining 

metabolic balance [30,31]. On the other hand, 

activating FXR using substances or increasing it 

through genetic engineering led to an improvement 

in the metabolic index in mouse models in which 

FXR was disabled; mice showed improvement in a 

high-fat diet and increased secretion of the 

hormone GLP, which is concerned with regulating 

sugar. In addition, studies have indicated that the 

use of a selective and effective inhibitor such as 

glutathione  Glycine led to a significant 

improvement in obesity, insulin resistance, and 

fatty liver[30,31].TGR5 receptor is a membrane 

receptor on the cell surface that is activated by bile 

acids and belongs to the class of G protein-coupled 

receptors found in many tissues of the body, 

including the liver, lung, intestine, spleen, and 

central nervous system[32]. When bile acids 

activate TGR5 receptor, the secretion of intestinal 

hormones is stimulated, which play a major role in 

regulating blood sugar levels and appetite, as GLp 

works to secrete insulin, while PYY an appetite 

suppressant by affecting the central nervous 

system, activating the TGR5 receptor in brown 

adipose tissue leads to increased energy 

consumption by stimulating the production of an 

enzyme known as D2, which is responsible for 

activating thyroid hormones within cells, which 

enhances the metabolism process. Thus, the 

interaction between bile acids and the TGR5 and 

FXR receptors shows the complexity of the 

regulatory network of the metabolism process 

[30,32].  The effect of bile acids on metabolic 

health does not stop at the liver or intestines only, 

but extends to include the regulation of appetite 

hormones, energy consumption, and even 

endocrine activity. Understanding these pathways 

helps in finding solutions to obesity, diabetes, and 

fatty liver. [30, 31, 32, 33].  

 Reduce endoplasmic reticulum stress as a result of 

bile acids, a cellular condition that increases in 

obesity and is closely linked to insulin resistance 

[34]. This type of stress disrupts insulin signaling 

by activating a specific enzyme that affects insulin. 

This step interferes with the normal insulin 

signaling pathway and thus contributes to 

pancreatic beta-adrenergic dysfunction and the 

onset of diabetes [33,34,35].  Administering 

oxydeoxycholic acid, a type of bile acid, reduces 

endoplasmic reticulum stress in helia transplanted 

into live animals. When administered to mice with 

obesity and diabetes,  significant improvement in 

metabolic status, leading to an increase in 

beneficial bacteria, Lactobacillus and 

Bifidobacterium, confirming that microbial balance 

plays a beneficial role in metabolic pathways [34]. 

3.2 Imidazole drug 

The gut microbiome and its interactions with bile 

acids play a critical role in regulating metabolic and 

inflammatory responses may directly impact the 

efficacy of drugs used to treat metabolic diseases 

such as type 2 diabetes[35]. Chronic treatment with 

antibiotics as vancomycin or metronidazole, 

significantly alters bile acid composition due to the 

loss of intestinal bacteria that produce enzymes 

responsible for converting primary bile acids into 

secondary acids, which are often proinflammatory 

[36]. antibiotic-induced modification of bile acids 

reduced systemic inflammation induced by a high-

fat diet in C57BL6 mice. However, this effect was 

not observed in other types of mice, such as 129S1 

or 129S6; the host's genetic background plays a role 

in determining the response to these microbial and 

biliary changes [36,37]. Hence, it appears that 

modifying the microbiome using antibiotics could 

be an effective way to improve glucose metabolism 

and reduce inflammation, but it is not a universal 

approach; rather, it is influenced by genetic and 

environmental factors the potential role of some 

other microbial metabolites, such as imidazole 

propionate (ImP), a metabolite derived from the 
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amino acid histidine (His) and produced by gut 

microbes[36]. A European study conducted in 1990 

observed elevated levels of ImP in the serum of 

individuals with prediabetes and type 2 diabetes; 

this increase was not related to the amount of 

histidine consumed in the diet, indicating that gut 

microbes are primarily responsible for the 

production of this metabolite [36]. Imidazole 

propionate has been shown to contribute to 

increased insulin resistance by activating the 

mTOR pathway and inhibiting insulin-related 

signaling, which may contribute to the development 

of metabolic disorders [35,36, 37]. Elevated ImP 

levels are closely associated with certain bacterial 

species, such as Clostridium bolteae, Cenarchaeum 

symbiosum, and Ruminococcus gnavus. 

Furthermore, a diet high in saturated fats and low in 

fiber and unsaturated fatty acids is associated with 

increased production of this metabolite. 

Importantly, elevated ImP levels not only promote 

insulin resistance but also impair the effectiveness 

of metformin, a key treatment for diabetes. A recent 

study demonstrated that ImP inhibits metformin's 

ability to lower blood sugar in mouse models by 

inhibiting AMPK phosphorylation in a p38γ-

dependent manner. This suggests that metabolites 

produced by the gut microbiome not only influence 

metabolic signaling but can also interfere with the 

efficacy of drug therapies. Therefore, 

understanding the interaction between diet, the 

microbiome, and its resulting metabolites may open 

new avenues in personalized medicine for treating 

metabolic disorders such as diabetes, obesity, and 

fatty liver [35,36, 37]. 

4. Dysbiosis 

A result of a microbiome imbalance (dysbiosis), 

which weakens the intestinal barrier due to 

decreased production of intestinal mucus and 

intercellular binding proteins that leads to increased 

intestinal permeability, allowing bacterial 

components such as endotoxin (LPS) to pass into 

the circulation, causing chronic inflammation via 

TLR4 activation, particularly in the liver and 

adipose tissue, and exacerbating obesity-related 

insulin resistance. Microbial interventions can 

correct this imbalance [38].  Probiotic 

YBifidobacterium animalis prevents JLPS leakage 

and improves metabolic and inflammatory status in 

obese mice [38,39]. In humans, supplements 

containing strains of Bacillus spp. reduced 

endotoxin levels by 42%. Akkermansia muciniphila 

is also considered a beneficial bacterium that 

maintains the integrity of the intestinal mucosa 

[38,39]. Its levels have been found to decrease in 

obesity and diabetes. However, increasing its levels 

through interventions such as metformin, cranberry 

extract, herbal supplements such as Bofutsushosan, 

or prebiotics leads to improvements in insulin 

resistance, intestinal inflammation, and intestinal 

barrier function. Giving pasteurized A. muciniphila 

to obese mice has been shown to reduce weight by 

increasing energy expenditure [39,40]. Pasteurized 

A. muciniphila was more effective than its live 

form in improving weight, cholesterol, and insulin 

resistance [38,39, 40]. 

4.1. Dysbiosis and Liver Diseases  

 A healthy intestinal barrier maintains its function 

and prevents the microbial flora of the gut from 

reaching the liver [41]. An unbalanced diet causes 

gastrointestinal bacteria, and their components may 

migrate to the barrier is compromised as a result of 

various environmental factors and pathogen 

recognition receptors as Toll-like receptors (TLRs) 

and inflammasomes, that identify bacterial antigens 

and stimulate pro-inflammatory cytokine 

production via activating hepatic macrophages and 

the immune response [41]. Dysbiosis is associated 

with pathological conditions in various liver 

diseases as non-alcoholic Gand alcoholic hepatitis 

fatty Liver disease (NAFLD), liver fibrosis, and 

hepatocellular carcinoma (HCC) [40,41]. Chronic 

alcohol intake has been reported to cause impaired 

intestinal barrier function in humans, as well as 

microbial imbalance [42, 43]. Patients with 
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alcoholicAhepatitis have increased levels of 

Enterococcus faecalis, which secretes Scytolysin 

enzyme that causes hepatocyte death and liver 

damage [44]. 

4.2 Dysbiosis and Metabolic Syndrome 

Dysbiosis of bacterial communities in the patient's 

gut can result in many diseases as surgery and 

antibiotic treatment, causing pseudomembranous 

colitis as a result of toxin production by 

Clostridium difficile and sepsis of E. coli. faecalis 

and En. faecium, as well as 

intraabdominalشabscesses due to aABacteroides 

fragilis. Presence of pathogens or disruption of the 

native bacterial community of the intestine plays a 

role in the development of cancers,  prostate cancer, 

and gastrointestinal cancer [45,46,47]. 

Commensalشbacteria wereAconsidered 

asAcofactors in carcinogenesis. It was reported that 

the gut flora bacteria in the gut can trigger 

macrophages to generate chromosome-breaking 

factors and diffusible clastogens, and mediate DNA 

damage with induced instability of chromosomes in 

neighboring cells. The composition of the bacterial 

community of the gut is different between healthy 

and CRC individuals.  For example, two of the 

Prevotella species. Completely absent in CRC 

samples, analyzed, higher levels of Prevotella in 

the healthy group may reflect differences in intake 

of plant materials compared to the individuals 

with.CRC patients [47]. Increasing use of 

immunosuppressive drugs affects both acquired and 

innate immunity by minimizing phagocytosis. 

Cytotoxic, antineoplastic drugs influence dividing 

cells rapidly, such as cells of the gastrointestinal 

mucosa, bone marrow, making a barrier, and 

translocation that act as a source of bacterial 

infection in cancer patients [48,49,50].  

5. Microbial Estrogen Metabolism 

Beta-glucuronidases enzymes encoded by gut 

bacteria, which affect estrogen by reactive after 

menstruation in women, lead to metabolic mess, 

and the gut flora microbes play a main role in 

reproductive and endocrine systems throughout a 

woman's that theAenzyme β glucuronidases 

secreted from bacteriaAplay aArole inAregulating 

estrogen levels affect the body's balance, and once 

this balance is disturbed leads to diseases as 

cancers, the uterus, or breast & menopause 

syndrome. For this reason, the enzyme beta-

glucuronidases secreted by bacteria become a 

potential biomarker for the early diagnosis of 

estrogen-related diseases [51,52]. 

 6. Personalized Microbiome Therapies 

Genetically engineered, including Bacterial-based 

interventions, probiotics, and fecal-microbiota-

transplantation (FMT), are tested on human 

metabolic management [53]. The microbiome has 

gained significant attention in scientific research 

and has been characterized in human and animal 

hosts using advanced tools as high-throughput 

sequencing and artificial intelligence [54]. 

Therapeutic strategies are one of the tools’ help 

explore complex interactions and develop modern 

detection, therapeutic, and analysis of data 

technologies [55].  The FMT (fecal transplantation) 

applied technology faces challenges, including 

targeted interventions that focus only on essential 

probiotics colonizing the gastrointestinal tract after 

birth, establishing a symbiotic relationship with the 

host, and the disease control effect of any 

imbalance of the bacterial flora has been associated 

with various conditions, Aas inflammatory bowel 

disease and cancers [56]. Another technology is 

omics provided a deeper understanding of the 

relationship between the gut flora and host health in 

2013,  the first trial of fecal microbiota 

transplantation for the treatment of recurrent 

ClostridiumAdifficile infection, fecal microbiota 

products began to be systematically and 

commercially used, prompting researchers to 

expand their use and clinical applications in cases 

of inflammatory bowel disease and cancers, but the 

challenge remained in disease conditions such as 

irritable bowel disease [53, 54, 55]. 
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6.1. Modern technologies and therapies 

Modern technologies, including omics, genomics, 

and metabolomics, along with data-driven artificial 

intelligence, have enabled the precise identification 

and selection of probiotics [55]. The probiotics 

platform provides rapid machine learning screening 

of probiotics, facilitating the development of more 

precise treatments compared to traditional 

microbiota cultivation [56].  Probiotics were used 

to treat clinical conditions such as chronic 

constipation, Crohn’s disease, ulcerative colitis, 

depression, type 2 diabetes, and irritable bowel 

syndrome (IBS) using groups of bacteria that 

contribute to maintaining intestinal balance 

[57,58,59].   Faecalibacterium, which is associated 

with inflammatory bowel disease and its effects on 

the mucous membrane; Akkremansia, which is 

associated with obesity and metabolic syndrome; 

and Lactobacillus, which is associated with colitis 

and colorectal cancer [58, 59, 60, 61] 

 Lactobacillus casei, isolated from Chinese yogurt, 

slows kidney deterioration in patients with chronic 

kidney disease. Lactobacillus reuteri is used to treat 

gastroenteritis in children. When applied clinically, 

these treatments provide a clear mechanism of 

action for probiotics [61,62]. However, applications 

also face challenges, aboutAhow ensure the 

viability of each strain, how to culture them 

separately or together, and how to dynamically 

modify the strains. Looking ahead, to address the 

challenges that hinder the implementation of these 

experiments and their transfer to reliable clinical 

trials, alternatives to mice must be used [62,63]. 

Organ culture chips, organoid cells, 3D culture, and 

artificial intelligence models can be used to predict 

toxicity to confirm the effectiveness of strains more 

broadly [64,65]. It is also suggested that safer and 

more effectiveALBP products be designed after 

understanding the effects and dosage of each 

bacterial strain used [66]. The use of metabolic 

models and artificial intelligence models to predict 

and design combinations of two strains that are 

more beneficial for restoring a healthy intestinal 

system [67]. When producing an ABLP, efforts 

must be made to reduce the exposure of completely 

anaerobic bacteria to oxygen, determine growth 

media within physiological parameters ensure the 

strains' ability to survive and stabilize for a longer 

period. It must be taken into account that patients' 

response to probiotic treatment in the case of 

intestinal inflammation is relative, which requires 

identifying a biomarker related to the microbiome 

used for treatment. Testing of strains used in 

intestinal inflammation products should also be 

expanded to include strains that have ҆t yet been 

cultured [65,66,67]. 

 Other Modern technologies as machine learning 

and artificial intelligence, have accelerated the 

identification and characterization of microbes and 

their functions in the gut. Computational tools have 

been used to predict interactions and optimize 

probiotic strain compositions. Innovative probiotic 

delivery systems, including microcapsules, targeted 

ananoparticles, and antibiotic agents, have shown a 

great potential to improve probiotic viability and 

stability, thus improving clinical outcomes [64,65]. 

Microbiome therapies are also being proposed to be 

used extensively in conjunction with other 

advanced technologies of CRISPR-Cas9 

geneAediting and personalized nutrition. CRISPR-

Cas9Acan precisely modify probiotic genomes to 

enhance beneficial properties or eliminate harmful 

ones [66]. Personalized nutrition can further 

support microbiome interventions by tailoring diets 

to suit an individual's microbiome profile, 

increasing treatment efficacy, and maintaining 

long-term microbial balance. Finally, clinical 

research must be coupled with proactive 

engagement with pharmaceutical regulatory bodies 

to produce disease-targeting LBPs based on 

meeting clinical application criteria. Supplemental 

butyrate therapy may improve the imbalance 

caused by drug therapies and improve the quality of 

life of ulcerative colitis patients. A Heat-
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inactivatedALactobacillus plantarum L-137 can 

clinically enhance immunity and reduce 

inflammation [68, 69]. Thus, in future treatment 

regimens, probiotics and postbiotics may represent 

a model resembling the wings of a bird, 

representing two therapeutic approaches based on 

contemporary biotechnology and omics analysis. 

Thanks to this approach, researchers can use multi-

omics analyses and big data mining to identify and 

cultivate microbes, making strain testing and 

selection safer and more accurate in clinical 

applications. Looking ahead, these technologies 

will bring about revolutionary innovations in major 

disease areas such as tumors, chronic inflammation, 

and immune imbalance, providing a promising 

treatment for precision medicine [ 70, 71,72, 73]. 

7. Conclusion 

 Dysbiosis of the gut microbiome plays a pivotal 

role in obesity & metabolic disorders as insulin 

resistance and type 2 diabetes. Therapeutic 

interventions targeting the modulation of the gut 

microbiome composition, whether by surgery a 

probiotics, or fecal transplants, have proven 

effective in improving metabolic health indicators. 

Modern techniques such as comprehensive 

genomic analysis (Metagenomics) and artificial 

intelligence-supported computational models have 

enhanced our understanding of the composition and 

function of gut microbes, allowing for the design of 

precise and effective therapeutic strategies. In this 

context, personalized microbial therapies represent 

a qualitative development in the field of precision 

medicine, as they include interventions based on 

genetically modified probiotics and fecal 

microbiota transplantation (FMT), in addition to the 

use of omics and artificial intelligence techniques 

to discover effective bacterial species and 

determine their therapeutic effects. Akkermansia 

muciniphila, Faecalibacterium prausnitzii, and 

Lactobacillus play important roles in regulating 

immune and metabolic balance, and have been used 

in the treatment of conditions such as irritable 

bowel syndrome, Crohn's disease, diabetes, and 

even certain types of cancer. However, the 

application of these treatments faces several 

challenges, including maintaining the vitality of 

bacterial strains, determining the appropriate 

dosage, and understanding the mechanism of action 

of each bacterial type individually or in groups. 

Furthermore, the response to treatment varies from 

person to person, necessitating the development of 

biomarkers that help predict treatment outcomes 

and guide it more accurately. The combination of 

three-dimensional culture techniques, organ-on-

chip models, and computational modeling provides 

a promising means to test the efficacy and safety of 

these treatments without fully relying on animal 

models. Advanced delivery systems, such as 

microcapsules and nanoparticles, enhance the 

stability of probiotics and their delivery to specific 

areas in the gastrointestinal tract. It is expected that 

technologies such as genetic modification using 

CRISPR and personalized nutrition will contribute 

to maximizing the effectiveness of these treatments 

by designing interventions that align with the 

microbial composition of each individual. In the 

near future, these innovations will lead to a 

revolution in treating complex diseases such as 

tumors, chronic infections, and immune disorders, 

making personalized microbiome medicine a 

pivotal tool in the precision medicine framework, 

and offering hope forAimproving theAquality of 

life forA patients through interventions based on 

the most intricate details of the interaction between 

humans and microbes. 

Conflict of interest: NIL 

Funding: NIL 

References  

1- Liebana-Garcia, R., Olivares, M., Bullich-

Vilarrubias, C., López-Almela, I., Romani-

Perez, M., & Sanz, Y. (2021). The gut 

microbiota as a versatile immunomodulator in 

obesity and associated metabolic 



40 

 

 

disorders. Best Practice & Research Clinical 

Endocrinology & Metabolism, 35(3), 101542. 

2- Bäckhed, F., Ding, H., Wang, T., Hooper, L. V., 

Koh, G. Y., Nagy, A., ... & Gordon, J. I. 

(2004). The gut microbiota as an 

environmental factor that regulates fat 

storage. Proceedings of the National Academy 

of Sciences, 101(44), 15718–15723. 

https://doi.org/10.1073/pnas.0407076101 

3- Yang, Y., Yu, T., Sung, H., & Lee, J. (2021). 

Role of gut microbiota in obesity: A review of 

current evidence and mechanisms. Nutrients, 

13(11), 4039. 

https://doi.org/10.3390/nu13114039 

4- Goodrich, J. K., Waters, J. L., Poole, A. C., 

Sutter, J. L., Koren, O., Blekhman, R., ... & 

Ley, R. E. (2014). Human genetics shape the 

gut microbiome. Cell, 159(4), 789–799. 

https://doi.org/10.1016/j.cell.2014.09.053 

5- Everard, A., Belzer, C., Geurts, L., Ouwerkerk, 

J. P., Druart, C., Bindels, L. B., ... & Cani, P. 

D. (2013). Cross-talk between Akkermansia 

muciniphila and intestinal epithelium controls 

diet-induced obesity. Proceedings of the 

National Academy of Sciences, 110(22), 

9066–9071. 

https://doi.org/10.1073/pnas.1219451110 

6- Liu, R., Hong, J., Xu, X., Feng, Q., Zhang, D., 

Gu, Y., ... & Wang, W. (2017). Gut 

microbiome and serum metabolome 

alterations in obesity and after weight-loss 

intervention. Nature Medicine, 23(7), 859–

868. https://doi.org/10.1038/nm.4358. 

7- Cho, I., Yamanaka, M., Nakao, T., Ohtsu, I., 

Murakami, K., Nomura, M., ... & Watanabe, 

M. (2022). Bacteroides thetaiotaomicron 

promotes obesity and glucose intolerance in 

mice with high-fat diet by increasing intestinal 

lipid absorption and hepatic lipid synthesis. 

Scientific Reports, 12(1), 5653. 

https://doi.org/10.1038/s41598-022-09542-5. 

8- Courcoulas, A. P., Gallagher, J. W., Neiberg, R. 

H., Kelsey, S. F., Wood, G. C., Clark, J. M., ... 

& Belle, S. H. (2018). Weight change and 

health outcomes at 3 years after bariatric 

surgery among individuals with severe 

obesity. JAMA, 319(3), 241–254. 

https://doi.org/10.1001/jama.2017.20813. 

9- Debédat, J., Clément, K., Aron-Wisnewsky, J. 

(2019). Gut microbiota and obesity: 

contributions to altered glucose metabolism 

and impact of bariatric surgery. Current 

Obesity Reports, 8(3), 229–242. 

https://doi.org/10.1007/s13679-019-00343-7. 

10- Ryan, K. K., Tremaroli, V., Clemmensen, C., 

Kovatcheva-Datchary, P., Myronovych, A., 

Karns, R., ... & Seeley, R. J. (2014). FXR is a 

molecular target for the effects of vertical 

sleeve gastrectomy. Nature, 509(7499), 183–

188. https://doi.org/10.1038/nature13135. 

11- Dang, J. T., Mocanu, V., Park, H., Zhang, S., 

Laffin, M., Madsen, K., ... & Birch, D. W. 

(2021). Roux-en-Y gastric bypass induces L-

cell proliferation in a GLP-1–dependent 

manner. American Journal of Physiology-

Endocrinology and Metabolism, 321(3), 

E381–E391. 

https://doi.org/10.1152/ajpendo.00102.2021. 

12- Scheithauer, T. P. M., Rampanelli, E., 

Nieuwdorp, M., & Herrema, H. (2022). 

Immunoglobulin A responses to gut 

microbiota after Roux-en-Y gastric bypass. 

Cell Reports Medicine, 3(1), 100526. 

https://doi.org/10.1016/j.xcrm.2021.100526. 

13- Chen, Y., Tian, J., Tian, X., Tang, X., Rui, K., 

Tong, J., ... & Lu, L. (2012). Characterization 

of fecal microbial communities in patients 

with type 2 diabetes. Journal of Clinical 

https://doi.org/10.3390/nu13114039
https://doi.org/10.1016/j.cell.2014.09.053
https://doi.org/10.1038/nm.4358
https://doi.org/10.1038/s41598-022-09542-5
https://doi.org/10.1001/jama.2017.20813
https://doi.org/10.1007/s13679-019-00343-7
https://doi.org/10.1038/nature13135
https://doi.org/10.1152/ajpendo.00102.2021
https://doi.org/10.1016/j.xcrm.2021.100526


41 

 

 

Microbiology, 50(11), 3713–3721. 

https://doi.org/10.1128/JCM.00252-12. 

14- Carlsson, A. H., Yakymenko, O., Olivier, I., 

Moen, B., Dicksved, J., Fredrikson, M., ... & 

Wold, A. E. (2013). Composition of gut 

microbiota in individuals with type 2 diabetes 

and healthy controls in a European cohort. 

Diabetologia, 56(11), 2502–2510. 

https://doi.org/10.1007/s00125-013-3024-3. 

15- Wu, H., Esteve, E., Tremaroli, V., Khan, M. T., 

Caesar, R., Mannerås-Holm, L., ... & 

Bäckhed, F. (2020). Metformin alters the gut 

microbiome of individuals with treatment-

naive type 2 diabetes, contributing to the 

therapeutic effects of the drug. Nature 

Medicine, 26(4), 525–532. 

https://doi.org/10.1038/s41591-020-0774-9. 

16- Aasmets, O., Mägi, R., Teesalu, K., Naaber, P., 

Tamm, A., Peterson, P., & Fischer, K. (2021). 

Machine learning-based gut microbiome 

signature analysis to predict the risk of type 2 

diabetes. Scientific Reports, 11, 12986. 

https://doi.org/10.1038/s41598-021-92469-1. 

17- Schilo, M., Zeller, G., Sunagawa, S., Nielsen, 

H. B., Pedersen, O., & Bork, P. (2022). 

Microbiome profiles and glycemic control in 

type 1 diabetes. Nature Communications, 

13(1), 2047. https://doi.org/10.1038/s41467-

022-29758-3. 

18- Gavin, P. G., Mullaney, J. A., Loo, D., Nolan, 

C. J., & Thomas, H. E. (2018). Proteomic 

analysis of stool samples from newly 

diagnosed type 1 diabetes patients reveals 

alterations in intestinal barrier function. 

Diabetes, 67(8), 1662–1672. 

https://doi.org/10.2337/db18-0123. 

19- Kostik, M. M., Smirnova, S. V., Kudryavtseva, 

A. V., & Makarov, S. V. (2015). Gut 

microbiota in children genetically predisposed 

to type 1 diabetes: Longitudinal changes prior 

to disease onset. Pediatric Diabetes, 16(9), 

722–731. https://doi.org/10.1111/pedi.12208. 

20- Girdhar, K., Huang, Q., Xu, J., & Atkinson, M. 

A. (2022). Parabacteroides distasonis and 

molecular mimicry in type 1 diabetes 

pathogenesis. Cell Host & Microbe, 30(2), 

224–237.e5. 

https://doi.org/10.1016/j.chom.2022.01.002. 

21- Shimokawa, N., Tanaka, S., Yamada, H., 

Kanda, N., Motooka, D., Nakamura, S., ... & 

Matsuoka, K. (2020). Ruminococcus spp. 

promote regulatory CD8+ T cell induction 

and ameliorate autoimmunity in type 1 

diabetes. Cell Reports, 32(9), 108100. 

https://doi.org/10.1016/j.celrep.2020.108100. 

22- Sichas, D., Tazoe, H., Sasaki, M., & Miyata, M. 

(2015). Short-chain fatty acid sensing by G-

protein-coupled receptors and their role in 

regulating energy metabolism. Journal of 

Molecular Endocrinology, 55(1), R1–R10. 

https://doi.org/10.1530/JME-14-0230. 

23-Koh, A., De Vadder, F., Kovatcheva-Datchary, 

P., & Bäckhed, F. (2016). From dietary fiber 

to host physiology: Short-chain fatty acids as 

key bacterial metabolites. Cell, 165(6), 1332–

1345. 

https://doi.org/10.1016/j.cell.2016.05.041. 

24-Brooks, L., Viardot, A., Tsakmaki, A., 

Stolarczyk, E., Howard, J. K., & Cani, P. D. 

(2017). Fermentable carbohydrate stimulates 

FFAR2-dependent colonic PYY cell expansion 

to increase satiety. Molecular Metabolism, 

6(1), 48–60. 

https://doi.org/10.1016/j.molmet.2016.10.004. 

25- Kimura, I., Inoue, D., Maeda, T., Hara, T., 

Ichimura, A., Miyauchi, S., ... & Tsujimoto, 

G. (2011). Short-chain fatty acids and ketones 

directly regulate sympathetic nervous system 

via G protein–coupled receptor 41 (GPR41). 

Proceedings of the National Academy of 

https://doi.org/10.1128/JCM.00252-12
https://doi.org/10.1007/s00125-013-3024-3
https://doi.org/10.1038/s41591-020-0774-9
https://doi.org/10.1038/s41598-021-92469-1
https://doi.org/10.1038/s41467-022-29758-3
https://doi.org/10.1038/s41467-022-29758-3
https://doi.org/10.2337/db18-0123
https://doi.org/10.1111/pedi.12208
https://doi.org/10.1016/j.chom.2022.01.002
https://doi.org/10.1016/j.celrep.2020.108100
https://doi.org/10.1530/JME-14-0230
https://doi.org/10.1016/j.cell.2016.05.041
https://doi.org/10.1016/j.molmet.2016.10.004


42 

 

 

Sciences, 108(19), 8030–8035. 

https://doi.org/10.1073/pnas.1016088108. 

26- Kimura, I., Ozawa, K., Inoue, D., Imamura, T., 

Kimura, K., Maeda, T., ... & Tsujimoto, G. 

(2013). The gut microbiota suppresses insulin-

mediated fat accumulation via the short-chain 

fatty acid receptor GPR43. Nature 

Communications, 4, 1829. 

https://doi.org/10.1038/ncomms2852. 

27- Magzal, F., Jacob, Y., Zur, M., & Rinott, E. 

(2022). Physical activity increases fecal short-

chain fatty acid concentrations and modulates 

the gut microbiome composition in humans. 

Gut Microbes, 14(1), 2021942. 

https://doi.org/10.1080/19490976.2021.20219

42. 

28- Ichikawa, T., Kitamura, H., Okazaki, H., 

Matsuyama, T., & Fujii, H. (2021). Cold-

induced thermogenesis and SCFA production 

via modulation of gut microbiota in mice. 

Scientific Reports, 11, 13400. 

https://doi.org/10.1038/s41598-021-92785-2. 

29- Canfora, E. E., van der Beek, C. M., Hermes, 

G. D. A., Goossens, G. H., Jocken, J. W. E., 

Holst, J. J., ... & Blaak, E. E. (2017). Colonic 

infusions of short-chain fatty acids promote fat 

oxidation and improve metabolic parameters 

in overweight/obese men: A randomized 

crossover trial. Gut, 66(3), 541–549. 

https://doi.org/10.1136/gutjnl-2016-313505. 

30- Matsubara, T., Li, F., & Gonzalez, F. J. (2013). 

FXR signaling in the enterohepatic system. 

Molecular and Cellular Endocrinology, 368(1-

2), 17–29. 

https://doi.org/10.1016/j.mce.2012.06.014. 

31-Sayin, S. I., Wahlström, A., Felin, J., Jäntti, S., 

Marschall, H. U., Bamberg, K., ... & Bäckhed, 

F. (2013). Gut microbiota regulates bile acid 

metabolism by reducing the levels of tauro-

beta-muricholic acid, a naturally occurring 

FXR antagonist. Cell Metabolism, 17(2), 225–

235. 

https://doi.org/10.1016/j.cmet.2013.01.003. 

32-Fang, S., Suh, J. M., Reilly, S. M., Yu, E., 

Osborn, O., Lackey, D., ... & Downes, M. 

(2015). Intestinal FXR agonism promotes 

adipose tissue browning and reduces obesity 

and insulin resistance. Nature Medicine, 

21(2), 159–165. 

https://doi.org/10.1038/nm.3760. 

33- Yameny, A. Diabetes Mellitus Overview 

2024. Journal of Bioscience and Applied 

Research, 2024; 10(3): 641-645. 

https://doi.org/10.21608/jbaar.2024.382794 

34- Molinaro, A., Bel Lassen, P., Henricsson, M., 

Wu, H., Adriouch, S., Belda, E., ... & 

Bäckhed, F. (2020). Imidazole propionate is 

increased in diabetes and associated with 

dietary patterns and altered microbial 

ecology. Nature Communications, 11(1), 

5881. https://doi.org/10.1038/s41467-020-

19667-4. 

35- Yameny, A. Diabetes Mellitus: A 

Comprehensive Review of Types, 

Pathophysiology, Complications, and 

Standards of Care in Diabetes 2025. Journal 

of Medical and Life Science, 2025; 7(1): 134-

141. 

https://doi.org/10.21608/jmals.2025.424001 

36- Koh, A., Molinaro, A., Ståhlman, M., Khan, M. 

T., Schmidt, C., Mannerås-Holm, L., ... & 

Bäckhed, F. (2018). Microbially produced 

imidazole propionate impairs insulin signaling 

through mTORC1. Cell, 175(4), 947–961.e17. 

https://doi.org/10.1016/j.cell.2018.09.055. 

37- Koh, A., Mannerås-Holm, L., Yunn, N. O., 

Nilsson, P. M., Ryu, S. H., Molinaro, A., & 

Bäckhed, F. (2020). Imidazole propionate is 

increased in diabetes and associated with 

dietary patterns and altered microbial 

https://doi.org/10.1073/pnas.1016088108
https://doi.org/10.1038/ncomms2852
https://doi.org/10.1080/19490976.2021.2021942
https://doi.org/10.1080/19490976.2021.2021942
https://doi.org/10.1038/s41598-021-92785-2
https://doi.org/10.1136/gutjnl-2016-313505
https://doi.org/10.1016/j.mce.2012.06.014
https://doi.org/10.1016/j.cmet.2013.01.003
https://doi.org/10.1038/nm.3760
https://doi.org/10.21608/jbaar.2024.382794
https://doi.org/10.1038/s41467-020-19667-4
https://doi.org/10.1038/s41467-020-19667-4
https://doi.org/10.21608/jmals.2025.424001
https://doi.org/10.1016/j.cell.2018.09.055


43 

 

 

ecology. Nature Communications, 11(1), 

5881. https://doi.org/10.1038/s41467-020-

19667-4. 

38- Fujisaka, S., Avila-Pacheco, J., Soto, M., 

Kostic, A., Dreyfuss, J. M., Pan, H., ... & 

Kahn, C. R. (2020). Diet, genetics, and the gut 

microbiome drive dynamic changes in plasma 

metabolites. Cell Reports, 33(5), 108330. 

https://doi.org/10.1016/j.celrep.2020.108330. 

39- Ansaldo, E., Slayden, L. C., Ching, K. L., 

Koch, M. A., Wolf, N. K., Plichta, D. R., ... & 

Barton, G. M. (2019). A commensal strain of 

Bacteroides fragilis protects against 

pathogens through IL-22–dependent IL-10 

production in mice. Nature Immunology, 

20(4), 486–496. 

https://doi.org/10.1038/s41590-019-0321-3. 

40- Depommier, C., Everard, A., Druart, C., 

Plovier, H., Van Hul, M., Vieira-Silva, S., ... 

& Cani, P. D. (2020). Supplementation with 

Akkermansia muciniphila in overweight and 

obese human volunteers: A proof-of-concept 

exploratory study. Nature Medicine, 26(6), 

911–922. https://doi.org/10.1038/s41591-020-

0835-8. 

41- Regnier, M., Polizzi, A., Guillot, A., Jolivel, V., 

Lemichez, E., & Lemoine, M. (2021). Gut 

microbiota and liver disease: From 

pathogenesis to new therapeutic strategies. 

Cell Host & Microbe, 29(4), 512–526. 

https://doi.org/10.1016/j.chom.2021.02.006. 

42- Yan, A. W., Fouts, D. E., Brandl, J., Starkel, P., 

Torralba, M., Schott, E., ... & Schnabl, B. 

(2011). Enteric dysbiosis associated with a 

mouse model of alcoholic liver disease. 

Hepatology, 53(1), 96–105. 

https://doi.org/10.1002/hep.24018. 

43- Mutlu, E. A., Keshavarzian, A., Engen, P. A., 

Forsyth, C. B., Sikaroodi, M., Gillevet, P. M., 

& Acharya, C. (2012). Intestinal dysbiosis and 

alcoholic liver disease. World Journal of 

Gastroenterology, 18(12), 1306–1311. 

https://doi.org/10.3748/wjg.v18.i12.1306. 

44- Duan, Y., Llorente, C., Lang, S., Brandl, K., 

Chu, H., Jiang, L., ... & Schnabl, B. (2019). 

Bacterial cytolysin during enterococcus 

faecalis infection causes hepatocyte death and 

liver injury. Nature, 575(7783), 255–260. 

https://doi.org/10.1038/s41586-019-1734-z. 

45- Zhang, X., Li, Y., Wang, J., & Chen, H. (2023). 

Dysbiosis and disease: The role of gut 

microbiota in health and pathology. Journal of 

Clinical Microbiology, 61(2), e01234-22. 

https://doi.org/10.1128/jcm.01234-22. 

46- Zhang, X., Wang, L., Yang, G., & Liu, Y. 

(2015). Gut microbiota-mediated DNA 

damage and cancer development: The role of 

clastogens and macrophage activation. 

Cancer Research, 75(18), 3893–3901. 

https://doi.org/10.1158/0008-5472.CAN-15-

0215 

47- Costea, P. I., Zeller, G., Sunagawa, S., Bork, P., 

& Segata, N. (2018). Enterotypes in the 

landscape of gut microbial community 

composition. Nature Microbiology, 3(8), 881–

890. https://doi.org/10.1038/s41564-018-

0176-4. 

48- Flores, G. E., Bates, S. T., Caporaso, J. G., 

Lauber, C. L., Leff, J. W., Knight, R., & 

Fierer, N. (2013). Diversity, distribution and 

sources of bacteria in residential kitchens. 

Environmental Microbiology, 15(2), 588–596. 

https://doi.org/10.1111/j.1462-

2920.2012.02848.x. 

49- Abi, H. M., Al-Mustafa, M., & Nassar, R. 

(2023). Hygiene practices and public health: 

A global perspective. International Journal of 

Public Health, 68, 112–120. 

https://doi.org/10.1007/s00038-023-01901-7. 

https://doi.org/10.1038/s41467-020-19667-4
https://doi.org/10.1038/s41467-020-19667-4
https://doi.org/10.1016/j.celrep.2020.108330
https://doi.org/10.1038/s41590-019-0321-3
https://doi.org/10.1038/s41591-020-0835-8
https://doi.org/10.1038/s41591-020-0835-8
https://doi.org/10.1016/j.chom.2021.02.006
https://doi.org/10.1002/hep.24018
https://doi.org/10.3748/wjg.v18.i12.1306
https://doi.org/10.1038/s41586-019-1734-z
https://doi.org/10.1128/jcm.01234-22
https://doi.org/10.1158/0008-5472.CAN-15-0215
https://doi.org/10.1158/0008-5472.CAN-15-0215
https://doi.org/10.1038/s41564-018-0176-4
https://doi.org/10.1038/s41564-018-0176-4
https://doi.org/10.1111/j.1462-2920.2012.02848.x
https://doi.org/10.1111/j.1462-2920.2012.02848.x
https://doi.org/10.1007/s00038-023-01901-7


44 

 

 

50- Nates, J. L., Keenan, T., & Yung, C. (2024). 

Immunosuppression and infection risk in 

oncology: Microbial translocation and 

clinical implications. Journal of Oncology 

Practice, 20(1), 25–33. 

https://doi.org/10.1200/JOP.23.00567. 

51- Ford, D. 2025). Interactions between the 

intestinal microbiota and drug metabolism–

Clinical implications and future 

opportunities. Biochemical 

Pharmacology, 235, 116809. 

52- Hu, S., Ding, Q., Zhang, W., Kang, M., Ma, J., 

& Zhao, L. (2023). Gut microbial beta-

glucuronidase: a vital regulator in female 

estrogen metabolism. Gut microbes, 15(1), 

2236749. 

53- Buffie CG, Bucci V, Stein RR, McKenney PT, 

Ling L, Gobourne A, No D, Liu H, Kinnebrew 

M, Viale A, et al. Precision microbiome 

reconstitution restores bile acid mediated 

resistance to Clostridium difficile. Nature. 

2015;517(7533):205–208. 

54- Ratiner K, Ciocan D, Abdeen SK, Elinav E. 

Utilization of the microbiome in personalized 

medicine. Nat Rev Microbiol. 

2024;22(5):291–308. 

55- Zhang X, Li L, Butcher J, Stintzi A, Figeys D. 

Advancing functional and translational 

microbiome research using meta-omics 

approaches. Microbiome. 2019;7(1):154. 

56- Xia S, Jiang D, Zhou Q, Lyu H, Voigt AY, 

Zhou X, Zhou Z, Huang Y. Unlocking the 

healthy human microbiome: Redefining core 

microbial signatures. Acta Pharm Sin B. 

2025;15(2):1189–1192. 

57- Fang X, Liu H, du Y, Jiang L, Gao F, Wang Z, 

Chi Z, Shi B, Zhao X. Bacillus 

siamensis targeted screening from highly 

colitis-resistant pigs can alleviate ulcerative 

colitis in mice. Research. 2024;7:0415. 

 58- He X, Zhao S, Li Y. Faecalibacterium 

prausnitzii: A next-generation probiotic in gut 

disease improvement. Can J Infect Dis Med 

Microbiol. 2021;2021:6666114. 

59- Liu J, Liu Y, Huang C, He C, Yang T, Ren R, 

Xin Z, Wang X. Quercetin-

driven Akkermansia muciniphila alleviates 

obesity by modulating bile acid metabolism 

via an ILA/m6A/CYP8B1 signaling. Adv Sci. 

2025;31:2412865. 

60- Schirmer M, Garner A, Vlamakis H, Xavier RJ. 

Microbial genes and pathways in 

inflammatory bowel disease. Nat Rev 

Microbiol. 2019;17(8):497–511. 

61- Fan L, Liu B, Wang Y, Tang B, Xu T, Fu J, 

Wang C, Liu Y, Ge L, Wei H, et al. Intestinal 

Lactobacillus murinus-derived small RNAs 

target porcine polyamine metabolism. Proc 

Natl Acad Sci USA. 2024;121(14): Article 

e2413241121. 

62- Zhu H, Cao C, Wu Z, Zhang H, Sun Z, Wang 

M, Xu H, Zhao Z, Wang Y, Pei G, et al. The 

probiotic L. casei Zhang slows the progression 

of acute and chronic kidney disease. Cell 

Metab. 2021;33(10):1926–1942.e8. 

63- Guarner F, Sanders ME, Szajewska H, Cohen 

H, Eliakim R, Herrera-deGuise C, Karakan T, 

Merenstein D, Piscoya A, Ramakrishna B, et 

al. World Gastroenterology Organisation 

global guidelines: Probiotics and prebiotics. J 

Clin Gastroenterol. 2024;58(6):533–553. 

64- Kurt F, Leventhal GE, Spalinger MR, 

Anthamatten L, Rogalla von Bieberstein P, 

Menzi C, Reichlin M, Meola M, Rosenthal F, 

Rogler G, et al. Co-cultivation is a powerful 

approach to produce a robust functionally 

designed synthetic consortium as a live 

https://doi.org/10.1200/JOP.23.00567


45 

 

 

biotherapeutic product (LBP). Gut Microbes. 

2023;15(1):2177486.  

65- Ingber DE. Human organs-on-chips for disease 

modelling, drug development and 

personalized medicine. Nat Rev Genet. 

2022;23(8):467–491. 

66-66- Dickson D, Johnson J, Bergan R, Owens R, 

Subbiah V, Kurzrock R. The master 

observational trial: A new class of master 

protocol to advance precision medicine. Cell. 

2020;180(1):9–14. 

67- Guo P, Wang W, Xiang Q, Pan C, Qiu Y, Li T, 

Wang D, Ouyang J, Jia R, Shi M, et al. 

Engineered probiotic ameliorates ulcerative 

colitis by restoring gut microbiota and redox 

homeostasis. Cell Host Microbe. 

2024;32(9):1502–1518.e9. 

68- Fu J, Liu X, Cui Z, Zheng Y, Jiang H, Zhang Y, 

Li Z, Liang Y, Zhu S, Chu PK, et al. 

Probiotic-based nanoparticles for targeted 

microbiota modulation and immune 

restoration in bacterial pneumonia. Natl Sci 

Rev. 2023;10(2): Article nwac221. 

69- Jin WB, Li TT, Huo D, Qu S, Li XV, 

Arifuzzaman M, Lima SF, Shi HQ, Wang A, 

Putzel GG, et al. Genetic manipulation of gut 

microbes enables single-gene interrogation in 

a complex microbiome. Cell. 

2022;185(3):547–562.e22. 

70- Neil K, Allard N, Roy P, Grenier F, Menendez 

A, Burrus V, Rodrigue S. High-efficiency 

delivery of CRISPR-Cas9 by engineered 

probiotics enables precise microbiome 

editing. Mol Syst Biol. 2021;17(10): Article 

e10335. 

71- Pereira GV, Boudaud M, Wolter M, Alexander 

C, de Sciscio A, Grant ET, Trindade BC, 

Pudlo NA, Singh S, Campbell A, et al. 

Opposing diet, microbiome, and metabolite 

mechanisms regulate inflammatory bowel 

disease in a genetically susceptible host. Cell 

Host Microbe. 2024;32(4):527–542.e9. 

72- Cordaillat-Simmons M, Rouanet A, Pot B. Live 

biotherapeutic products: The importance of a 

defined regulatory framework. Exp Mol Med. 

2020;52(9):1397–1406. 

73- Fang, X., Wang, Y., Wei, H., & Huang, Y. 

(2025). Precision microbiome: A new era of 

targeted therapy with core 

probiotics. Research, 8, 0658. 

 


