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Abstract 

Chemotherapy-induced diarrhea (CID) is a common and harmful side effect of chemotherapy, greatly 
impacting patients' quality of life and potentially compromising their chances of survival. Disruption of the 
balance in intestinal microbiota and compromised integrity of the intestinal barrier are key factors 
contributing to CID caused by mucositis. This paper investigated the mechanism through which intestinal 
microbiota activate Toll-like receptors and STING pathways to mediate intestinal mucosal inflammation 
resulting from immune responses in the gut, uncovering a novel mechanism of intestinal microbiota in 
chemotherapy-induced diarrhea, and suggesting innovative approaches for the prevention and 
management of CID. 
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Introduction 
Chemotherapy is a crucial treatment for 

malignant tumors, but chemotherapy-induced 
diarrhea (CID) is a common and severe side effect. 
CID can occur during or after chemotherapy, with 
symptoms ranging from mild abdominal pain and 
increased bowel movements to severe cases lasting 
several days [1]. The NCI CTCAE 5.0 categorizes CID 
into grades 1 to 5, with grade 1 being mild and grade 5 
being fatal [2]. Studies show that 50% to 80% of 
patients on irinotecan and fluorouracil experience 
CID, with a significant portion suffering severe cases 
(grades 3 or 4) [3]. This severe form often disrupts 
cancer treatment, leading to dose reductions, delays, 
or cessation in about 60% of patients [4]. CID also 
contributes to approximately 1% mortality [5]. 

Current insights indicate that chemotherapy and 
metabolic byproducts influence various elements of 
the intestinal barrier, such as the intestinal epithelium, 
goblet cells, mucus layer, and immune system. This 
interaction triggers an immune response that leads to 
inflammation of the intestinal mucosa, heightened 
permeability to harmful substances, increased 

secretion within the intestines, diminished water 
absorption in both stomach and intestines, 
accumulation of undigested materials in the lumen, 
and a resulting permeability gradient. Collectively, 
these processes result in water influx into the 
intestinal lumen, ultimately causing diarrhea [6-7]. 
Current treatments like loperamide, atropine, and 
octreotide manage symptoms by suppressing motility 
but can cause adverse effects and do not address 
microbiota or barrier function. Thus, novel or 
alternative therapies that minimize side effects and 
improve treatment safety are needed. This paper will 
explore how intestinal microbiota influences CID 
development and its clinical applications. 

Chemotherapy-induced diarrhea and 
intestinal microbiota 
Intestinal microbiota 

The human intestinal microbiota is a bacterial 
organ composed of more than 1014 microorganisms. It 
plays a crucial role in maintaining human health and 
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promoting microecological balance within the body 
by modulating the permeability of intestinal epithelial 
cells and eliciting metabolic and immune responses 
[8-10]. The normal intestinal microbiota maintains 
human health and microecological balance in the 
body. Numerous studies have demonstrated the 
pivotal role of the intestinal microbiota in the 
pathogenesis of intestinal mucositis [11-14]. 

The gut microbiota, residing within the human 
body, actively engages in diverse physiological and 
pathological processes by metabolizing and 
synthesizing carbohydrates, organic acids, as well as 
specific microbial metabolites such as vitamins and 
short-chain fatty acids (SCFAs). These activities 
encompass nutrient absorption, immune homeostasis 
regulation, as well as the etiology and progression of 
diseases [15]. 

Chemotherapy-induced intestinal microbiota 
dysbiosis 

The human intestinal microbiota is mostly 
composed of Proteobacteria, Firmicutes, 
Actinobacteria, and Bacteroidetes phyla [16, 17]. 
Phylum Firmicutes and Bacteroidetes collectively 
account for 90% of the total intestinal microbiota [18]. 
Within phylum Firmicutes, families Bacillaceae and 
Clostridiaceae are the predominant group, while 
family Prevotellaceae constitute the major genera 
within phylum Bacteroidetes. Phylum Actinobacteria 
are mainly represented by family Mycobacteriaceae. 

Multiple clinical trials and animal studies have 
demonstrated that chemotherapy drugs can disrupt 
the homeostasis of the gut microbiome through 
hepatic metabolism or enterohepatic circulation. 
Montassier analyzed fecal samples from 28 
non-Hodgkin lymphoma patients after chemotherapy 
and found a decrease in the relative abundance and 
disruption in the structure of the gut microbiota. 
Firmicutes and Actinobacteria showed decreased 
relative abundance, while Proteobacteria exhibited a 
significant increase [19]. Sophie Viaud observed an 
increased relative abundance of gram-negative 
bacteria in the gut microbiota of rats treated with 
5-fluorouracil (5-FU), along with an increased 
migration of intestinal microbiota to cervical and 
mesenteric lymph nodes [20]. Margot Fijlstra's 
research revealed that in a rat model of 
gastrointestinal mucositis induced by methotrexate 
(MTX), there was an increase in intestinal 
inflammation levels, a decrease in villus length, and a 
reduction in the relative abundance of most bacterial 
genera within the gut microbiota. Additionally, there 
was a decrease in the relative abundance of 
streptococci but an increase in the relative abundance 

of Bacteroides [21].  
Despite variations in chemotherapy regimens, 

there are certain similarities in their impact on the gut 
microbiota. These include an increase in Firmicutes 
abundance, a decrease in Bacteroidetes' abundance, 
an increase in gram-negative (G-) bacteria such as E. 
coli and Pseudomonas and other potential pathogenic 
microorganisms, and a decrease in gram-positive (G+) 
bacteria such as Bifidobacterium and Lactobacillus 
[22]. The considerable reduction of beneficial bacteria 
like Firmicutes and Actinobacteria within the intestine 
subsequent to chemotherapy unveils the pivotal role 
these bacteria assume in preserving the integrity of 
the intestinal barrier. In the future, safeguarding and 
restoring beneficial bacteria throughout 
chemotherapy and specifically regulating the quantity 
of Proteobacteria and Gram-negative bacteria 
constitute one of the research orientations for treating 
CID via the gut microbiome. 

Microbiota dysbiosis drives 
chemotherapy-induced diarrhea 

In the one hand, in individuals undergoing 
fluoropyrimidine chemotherapy, only those 
experiencing diarrhea displayed a diminished 
α-diversity of their microbial community 
post-treatment. Specifically, this was manifested by a 
reduction in the abundance of Firmicutes and a 
corresponding increase in Bacteroidetes. Notably, 
these alterations were not evident in patients who did 
not develop diarrhea following chemotherapy [23]. 
On the other hand, some studies have investigated the 
use of probiotics or manipulation of the ratio of 
organic acids in the gut as strategies to prevent or 
treat diarrhea by reducing chemotherapy-induced 
changes in the composition of the Intestinal 
Microbiota [24]. 

This suggests that chemotherapy-induced 
dysregulation of the intestinal microbiota may further 
impair the function of the intestinal mucosal barrier 
and promote the infiltration of harmful substances 
into the body, ultimately leading to a range of 
gastrointestinal problems, including diarrhea. 

Microbiota dysbiosis drives 
chemotherapy-induced diarrhea 
mechanisms 

Intestinal barrier is comprised of physical, 
chemical, immune, and microbial components that 
interact to uphold intestinal health and restoration in 
the human body. Chemotherapy can induce diarrhea 
by detrimentally impacting these barriers through 
diverse mechanisms (Details in Fig. 1). 
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Figure 1. Physiological functions and mechanisms of the intestinal mucosal barrier. The intestinal barrier encompasses physical barrier, chemical barrier, immune barrier, and 
microbial barrier. The physical barrier is constituted by the intestinal absorptive cells, Paneth cells, and goblet cells that constitute the intestinal mucosal epithelium and the 
intercellular connections, which physically hinder microbial components from entering the intestine. The chemical barrier is primarily composed of the mucus layer consisting of 
digestive fluids, various digestive enzymes, lysozyme, bile acids, and mucins, which is capable of decomposing large molecular substances and bacterial components. The immune 
barrier is composed of the mucosal-associated lymphoid tissue (MALT) and diffuse immune cells, among which include Peyer's patches, follicular dendritic cells, and intraepithelial 
lymphocytes in the mucosa. It can recognize antigens, phagocytize viruses and intestinal pathogens, present antigens to immune cells, and generate humoral immunity and cellular 
immunity. The microbial barrier comprises the microorganisms and microbial metabolites residing in the intestine, and the commensal bacteria modulate the colonization of 
pathogenic bacteria by inhibiting their growth, consuming nutrients, generating bacteriocins, and influencing cell signaling pathways. 

 

Intestinal barriers and CID 
CID is closely linked to gastrointestinal function 

and intestinal microbiota dysbiosis. Chemotherapy 
disrupts the balance of the gut microbiota, reducing 
beneficial bacteria and increasing harmful ones, 
which weakens the gut barrier and heightens 
permeability. This damage allows toxins and 
pathogens to enter, triggering inflammation and 
worsening diarrhea. Dysbiosis also alters metabolic 
functions, reducing the production of beneficial 
metabolites like short-chain fatty acids, further 
compromising gut health. Overall, microbiota 

dysbiosis plays a key role in the onset and progression 
of CID by impairing gut integrity and promoting 
inflammation. 

Intestinal physical barrier disruption 

The intestinal Physical barrier consists of 
absorptive cells, Paneth cells, intercellular 
connections, and goblet cells, forming the intestinal 
mucosal epithelial layer [25, 26]. This barrier protects 
against pathogens, toxins, and allergens, while 
cellular connections prevent microbial invasion 
through paracellular pathways [27, 28]. Intestinal 
microbiota and their byproducts, like SCFAs, promote 
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epithelial cell proliferation, differentiation, and 
maturation, and reduce apoptosis, helping maintain 
barrier integrity. Intestinal commensal bacteria 
enhance epithelial tight junctions, reinforcing the gut's 
physical barrier [10, 29]. Chemotherapy disrupts this 
balance by reducing Firmicutes and Actinobacteria, 
leading to decreased butyrate production [30]. 
Butyrate supports tight junction assembly and 
expression via AMPK, GPR109A, and Akt pathways 
[31, 32]. Impaired tight junctions increase epithelial 
permeability, causing mucositis and ulcers. 
Chemotherapy can directly damage the epithelium, 
leading to ulcers that intestinal bacteria can colonize, 
activating macrophages and increasing cytokine 
production, which exacerbates inflammation and 
leads to diarrhea [33]. 

Intestinal chemical barrier disruption 

The chemical barrier consists of digestive juices, 
enzymes, lysozyme, bile acids, and mucus, which 
inhibit bacterial adhesion and colonization, degrade 
endotoxins, and destroy bacterial components [34-35]. 
These components are regulated by intestinal 
microorganisms and their products [36]. Mucin 
oligomerization forms a dense inner mucus layer that 
protects epithelial cells, while bacteria in the outer 
mucus layer maintain the barrier by: 1) degrading 
proteoglycans to produce SCFAs, supporting 
epithelial function [37], and 2) modulating goblet cell 
differentiation and mucin production [38, 39]. 
Chemotherapy-induced malnutrition and reduced 
gastrointestinal hormone secretion impair protein and 
DNA metabolism, disrupting enzyme, gastric acid, 
and bile secretion, thus damaging the chemical barrier 
[40]. Disrupted bile acid metabolism can reduce IL-10 
production and increase mucosal permeability [41], 
while decreased antimicrobial molecules increase 
bacterial translocation [42]. Probiotics may restore 
barrier function and reduce inflammation [43].  

Intestinal immune barrier disruption 

The immune barrier consists of gut-associated 
lymphoid tissue (GALT) and scattered immune cells. 
GALT, including Peyer's patches, lamina propria 
lymphocytes, and intraepithelial lymphocytes, 
recognizes antigens, phagocytoses pathogens, and 
facilitates immune responses [44, 45]. The intestinal 
commensal microbiota not only includes probiotics 
but also includes some conditionally pathogenic 
bacteria, which together shape the intestinal immune 
function of the human body. Symbiotic intestinal 
bacteria influence the intestinal immune system, as 
evidenced by studies where healthy intestinal 
microbes restored immune functions in germ-free 
mice, improving CD4+ T cell differentiation and 

maintaining Treg and Th17 cell balance [46, 47]. 
Segmented Filamentous Bacteria (SFB) enhance 
mucosal secretory IgA (SIgA) production and T cell 
differentiation [48]. 

Chemotherapy disrupts immune cell quantity 
and regulation, affecting both cellular and humoral 
immunity, and alters the CD4+/CD8+ T lymphocyte 
ratio. It reduces immune factor secretion (e.g., IL-2, 
IL-6, IL-11, SIgA) and increases pro-inflammatory 
factors (e.g., IL-1, TNF-alpha), impairing the intestinal 
immune barrier [49-51]. This damage causes 
microbiota translocation and activates systemic 
inflammation through recognition of microbe- 
associated moflecular patterns (MAMPs) by innate 
immune cells [52]. Toll-like receptors, STING 
pathways, and heat shock proteins play key roles in 
modulating these immunoinflammatory responses.  

Intestinal microbiota regulation of key pathways in 
CID 

The intestinal microbiota regulates key immune 
pathways, including Toll-like receptors (TLRs) and 
the STING pathway, which play crucial roles in CID. 
Dysbiosis can activate these pathways excessively, 
leading to increased inflammation and intestinal 
barrier disruption. This exacerbates CID by enhancing 
intestinal permeability and inflammatory responses. 
Managing the microbiota can thus help mitigate the 
severity of CID (Details in Fig. 2 and Fig. 3). 

Intestinal microbiota regulation of toll-like receptors 
(TLRs) in CID  

Toll-like receptors (TLRs) play a pivotal role in 
preserving the integrity of the intestinal mucosal 
barrier by recognizing damage-associated molecular 
patterns (DAMPs) and microbe-associated molecular 
patterns (MAMPs). These receptors, expressed on 
both epithelial and immune cells within the gut, are 
critical for detecting pathogenic microbes and cellular 
stress signals. MAMPs originate from microbial 
components, including peptidoglycan and 
lipopolysaccharides, while DAMPs originate from 
host cells, including tumor cells, dead or dying cells. 
Upon activation by DAMPs or MAMPs, TLRs initiate 
downstream signaling cascades that enhance immune 
responses and fortify the mucosal barrier. 

In conjunction with the enteric nervous system 
(ENS), TLRs influence intestinal motility, secretion, 
and immune regulation. The interaction between 
TLRs and ENS components, such as neurons and glial 
cells, helps to maintain mucosal homeostasis by 
regulating local immune responses and maintaining 
epithelial integrity. This coordinated response ensures 
that the intestinal mucosal barrier remains functional 
under physiological conditions, preventing pathogen 
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infiltration and sustaining intestinal homeostasis. 
Consequently, TLR signaling within the DAMPs, 
MAMPs, and ENS pathways is essential for the 
maintenance of a resilient and adaptive intestinal 
mucosal barrier. 

TLRs and damage-associated molecular patterns (DAMPs)  

Toll-like receptors (TLRs) are a family of 
pattern-recognition receptors that activate relevant 
signaling pathways, such as the TLR/nuclear 
factor-κB (NF-κB) signaling pathway, by recognizing 
damage-associated molecular patterns (DAMPs) from 
stressed or dying cells, which result in the production 
of proinflammatory cytokines that mediate the 
inflammatory response [56, 57]. Tollip, a negative 
regulator of TLR-mediated intrinsic immunity, exerts 
inhibitory effects on IRAK phosphorylation by 
binding to the TLR/MyD88/IL-1 receptor-activated 

kinase (IRAK) complex, thereby attenuating NF-κB 
transcription and suppressing inflammatory 
responses [58]. 

Under normal physiological conditions, 
persistent exposure of TLRs to TLR ligands, such as 
peptidoglycans, lipopolysaccharides (LPS), and 
nucleic acids from intestinal microbiota, induces an 
inflammatory response. However, the metabolites of 
commensal bacteria - specifically butyrate salts - have 
been found to enhance the expression of TOLLIP in 
intestinal epithelial cells and inhibit inflammation. 
This regulatory mechanism maintains a dynamic 
balance between pro-inflammatory and 
anti-inflammatory responses by ensuring high levels 
of TOLLIP and low levels of TLRs in the gut, thereby 
keeping the body in a state of low inflammation [59]. 

 

 
Figure 2. The mechanism by which intestinal microbiota regulates intestinal mucosal injury through NF-κB pathway. A. Impacts of chemotherapy-induced intestinal microbial 
dysbiosis on pathogenesis of mucositis and the non-intestinal manifestations of mucositis. Ref [22]. Copyright © 2024 Elsevier GmbH. B. Preventive Mechanism of Intestinal 
Toxicity Caused by Cyclophosphamide Chemotherapy in Mice by Regulating TLR4-MyD88/TRIF-TRAF6 Signaling Pathway and Gut-Liver Axis. Ref [53]. Copyright© 2021 by the 
authors. 

 
Figure 3. The mechanism by which intestinal microbiota regulates intestinal mucosal injury through STING pathways. A. Lactobacillus rhamnosus GG alleviates 
radiation-induced intestinal injury by modulating intestinal immunity and remodeling intestinal microbiota. Ref [54]. Copyright © 2024 Elsevier GmbH. B. Intratumoral 
accumulation of gut microbiota facilitates CD47-based immunotherapy via STING signaling. Ref [55]. ©Shi Y et al. Originally published in JOURNAL NAME. 
https://doi.org/10.1084/jem.20192282. 
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The administration of chemotherapeutic drugs 
promotes the development of gastrointestinal 
mucositis by compromising the integrity of the 
intestinal immune barrier and downregulating 
TOLLIP expression, resulting in excessive activation 
of TLRs and subsequent activation of the NF-κB 
signaling pathway. 

TLRs and microbial-associated molecular patterns (MAMPs) 

In addition, dysbiosis of the intestinal microbiota 
reduces tight junction expression, increases epithelial 
permeability, decreases secretion of antimicrobial 
substances, weakens antibacterial ability. 
Chemotherapeutic drugs and their metabolites may 
penetrate the intestinal mucosa to kill commensal 
bacteria, promote growth of pathogenic bacteria, 
erosion, ulceration and death of intestinal cells can 
lead to unrestricted entry of bacterial and microbial- 
associated molecular patterns (MAMPs) including 
peptidoglycans, LPS, and lipophosphatidic wall acids, 
on various microorganisms into the lamina propria 
layer. ST4 is a major adapter protein in the TLR 
signaling pathway. MAMPs are directly recognized 
by Toll-like receptors (TLRs), mediated inflammation 
through activation of MyD88-dependent pathway 
(except for TLR3 signaling activation) and 
MyD88-independent TRIF/TRAM pathway (TLR3 
and some TLR4 signals) [60]. Activation of the 
MyD88-dependent pathway leads to the activation of 
the NF-κB pathway, which promotes the synthesis of 
pro-inflammatory cytokines and mediates 
inflammatory responses. Activation of the 
MyD88-independent pathway results in secretion of 
IFN-β [61], and most TLR signaling acts through the 
Myd88-dependent pathway. Meanwhile, the 
activation of the NF-κB signaling pathway is closely 
linked to M1 macrophage polarization. Upon 
stimulation by LPS, M1 macrophages secrete 
pro-inflammatory cytokines such as interleukin IL-6, 
IL-1β, TNF-α, and iNOS [62], thereby exacerbating 
inflammatory damage and subsequently leading to 
the development of diarrhea (Details in Fig. 4). 

TLRs and the Enteric Nervous System pathway (ENS) 

ENS is the primary regulator of gastrointestinal 
function, responsible for controlling intestinal 
functions such as absorption, secretion, motility, and 
vascular tone [63]. Moreover, the microbiota and 
microbial factors (such as SCFAs and LPS) can 
promote the maturation of ENS function, which in 
turn coordinates the response of intestinal microbiota 
and transmits it throughout the entire intestine [64, 
65]. 

TLR4 is expressed in both mouse neurons and 
glial cells, enabling intestinal neurons and glial cells to 

directly sense gut bacteria and activate gastrointes-
tinal neural responses, thereby regulating intestinal 
motility [66, 67]. Chemotherapy induces damage to 
the intestinal barrier function, leading to changes in 
the gut microbiota, increased expression of TLR4, 
immune activation, and low-grade inflammation in 
the intestines. These alterations can affect the 
structure and function of intestinal neurons, resulting 
in impaired gastrointestinal motility and subsequent 
development of functional gastrointestinal disorders 
that ultimately lead to diarrhea [68]. 

Composition of gut microbiota, leading to 
impaired intestinal barrier function and repair 
pathways, disruption of intestinal integrity, and 
damage to the enteric nervous system. Pathogenic 
bacteria can directly stimulate intestinal epithelial 
nerves through TLR, activating the enteric nervous 
system immune pathway [69]. By regulating multiple 
neuronal circuits and sensory neurons in the local 
intestine, a large number of neuropeptides such as 
vasoactive intestinal peptide (VIP), substance P, and 
calcitonin gene-related peptide (CGRP) are produced, 
resulting in neurogenic inflammation [70]. enteric 
glial cells (EGCs) are an essential component of the 
ENS and are also considered antigen-presenting cells. 
Upon activation of the ENS, they can produce 
inflammatory factors such as TNF-α, IL-1β, and IL-6, 
leading to the activation of macrophages, mast cells, 
and T cells [71], further exacerbating intestinal 
inflammation and causing diarrhea. 

Gram-negative bacteria and a small number of 
Gram-positive bacteria in the intestines can be 
recognized by TLRs, mainly TLR2, TLR4, TLR5, and 
TLR9. They are then transported into cells for 
processing, which activates intracellular NOD-like 
receptors (NLRs) and promotes the formation of 
inflammasomes through CARD-CARD interactions. 
This subsequently triggers diarrhea through 
downstream NF-κB and MAPK-mediated 
inflammation [72]. 

STING pathway 

Intestinal Microbiota and STING pathway modulation 

Chemotherapy disrupts the intestinal 
microbiota, leading to dysbiosis and compromised 
intestinal mucosal barrier function. This disruption 
results in an increased production of microbial 
metabolites and antigens, which can exacerbate 
inflammatory responses. The STING (stimulator of 
interferon genes) pathway, critical for regulating 
innate immune responses, is activated by cytosolic 
DNA from damaged cells or microbial sources. 
STING is a protein located in the endoplasmic 
reticulum that can be activated and initiate type I 
interferon (IFN-I) response when stimulated by DNA. 
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Mice with STING knockout exhibit elongated colonic 
villi, shallower crypts, and a shift towards 
pro-inflammatory microbiota in the intestinal tract 
[73], demonstrating the crucial role of STING in 
regulating and maintaining intestinal homeostasis. In 
the healthy intestine, the expression level of STING is 
low. The intrinsic STING pathway maintains 
intestinal barrier function by stimulating the secretion 
of IFN-I and interferon-stimulated genes (ISGs), 
enhancing the integrity and regeneration of the 
epithelial barrier, promoting the production of 
antimicrobial peptides by PAN cells, and synthesizing 
mucus by cuprocytes, among many other mechanisms 
[74]. 

Activation of the STING pathway 

In a normal physiological state, STING is 
activated in immune cells, such as macrophages and 
dendritic cells, by cytosolic DNA. Chemotherapy- 
induced cellular stress and intestinal damage elevate 
the release of mitochondrial and microbial DNA. This 
DNA is recognized by the cyclic GMP-AMP synthase 
(cGAS) enzyme, which generates cGAMP and 
subsequently activates STING. Activated STING 
triggers the production of type I interferons and other 
pro-inflammatory cytokines. 

 

 

 
Figure 4. Intestinal microbiota mediate CID through the TLR receptor and cGAS-STING pathway. The TLR4 is located on the cell surface. TLR3, TLR7/8, and TLR9 are present 
in a multiprotein signaling complex called the "endosome." Except for TLR3, all other TLRs recruit Myeloid Differentiation Primary Response 88 (MyD88) as an adaptor protein. 
MyD88 attracts IL-1 Receptor-Associated Kinase 4 (IRAK-4) to the TLRs, which then undergo phosphorylation and activate IRAK-1. After interacting with TRAF6, IRAK-1 
activates the IKK complex and leads to NF-kB activation. Both TLR3 and TLR4 recruit Toll/IL-1 Receptor Domain Inducing IFN-beta (TRIF) protein. The signaling pathway of both 
TLRs results in NF-kB activation and/or expression of type I interferons (IFNs). 
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Regulation of STING by the intestinal microbiota 

The intestinal microbiota plays a significant role 
in modulating the STING pathway. Beneficial 
microbial species help maintain the integrity of the 
intestinal barrier, reducing the translocation of 
microbial DNA into the bloodstream and preventing 
excessive STING activation. Additionally, bacterial 
metabolites such as SCFAs influence immune 
responses by modulating cytokine production and 
limiting STING activation, thereby preventing 
excessive inflammation. 

Impact on chemotherapy-induced inflammation and 
diarrhea 

A balanced intestinal microbiota helps regulate 
the STING pathway, thereby controlling 
inflammatory signaling during chemotherapy. 
Effective modulation of STING by the microbiota can 
prevent excessive inflammation, reducing mucosal 
damage and intestinal permeability, which are key 
factors in chemotherapy-induced diarrhea. By 
supporting immune responses and intestinal repair, 
the microbiota plays a crucial role in mitigating the 
severity of diarrhea and promoting mucosal healing 
post-chemotherapy. 

Meanwhile, TOLLIP can promote the 
autophagic-lysosomal degradation of STING, thereby 
blocking the phosphorylation of downstream 
signaling molecules TBK1, IRF3, and IκBα, reducing 
the production of IFN-I [75]. The toxic damage caused 
by chemotherapy affects intestinal epithelial cells, 
leading to bacterial translocation. Microbial DNA 
released by invading pathogens into the cytoplasm is 
recognized by the cytoplasmic DNA sensor cyclic 
GMP-AMP synthase (cGAS), which generates cGAMP 
and activates STING. Decreased expression of 
TOLLIP can reduce endogenous STING degradation, 
while bacterial products induce ubiquitination of 
STING in myeloid cells, resulting in its aggregation in 
intestinal macrophages and monocytes. This induces 
the expression of IFN-I and various other 
inflammatory cytokines, ultimately causing intestinal 
inflammation and diarrhea [76-78]. 

Heat shock proteins 

Heat shock protein (HSPs70) is located inside 
cells and exerts anti-inflammatory effects by 
inhibiting the production and release of various 
inflammatory factors, such as TNF-α, IL-1, IL-6 in 
monocyte macrophages [79]. Haoyu L observed mice 
with colitis and found that the use of L. reuteri was 
able to reduce the level of inflammation in their mice. 
Colitis decreased the expression of heat shock 
proteins HSP70 and HSP25, while L. reuteri treatment 
increased the expression of these proteins. In addition, 

the changes of HSPs were found to be correlated to 
bacterial load and epithelial cell proliferation [80]. 
However, the specific mechanism by which gut 
dysbiosis affects HSP70 remains unclear. 

Clinical applications and potential of 
intestinal microbiota regulation in 
treating CID 

Currently, treatments for chemotherapy-induced 
diarrhea (CID) include Loperamide, Octreotide, DTO, 
and Crofelemer. Loperamide is effective for mild to 
moderate CID but has limited efficacy in severe cases 
and may cause adverse effects like intestinal paralysis 
and arrhythmias [81]. Octreotide is effective for severe 
CID but is expensive [82]. DTO has a historical role 
but lacks strong contemporary evidence for CID 
treatment [83]. Crofelemer shows potential but needs 
further validation due to limited clinical trials [84]. 
Overall, these treatments face challenges such as 
restricted effectiveness, high costs, and significant 
side effects, underscoring the need for more effective 
and safer options. Intestinal microbiota regulation in 
Treating CID shows great potential. 

Probiotics 
Probiotics offer a promising approach for 

managing chemotherapy-induced diarrhea (CID) by 
improving intestinal microbiota balance, protecting 
the epithelial barrier, and reducing intestinal 
permeability [85, 86]. They restore gut microbiota 
after chemotherapy, release antimicrobials, and 
mitigate mucosal inflammation, which collectively 
help reduce CID [87, 88]. Probiotic therapy involves 
administering live probiotics to support 
gastrointestinal health. Common probiotic strains 
include Bifidobacterium spp. and Lactobacillus spp., 
available in both single-strain and mixed-strain 
supplements [89] (Showen in table 1). 

Studies demonstrate the efficacy of probiotics in 
CID management. For instance, S. thermophilus (ST4) 
significantly reduced diarrhea scores in mice with 
enteritis, by maintaining epithelial integrity and 
decreasing inflammatory cytokines [90]. In lung 
cancer patients, Clostridium butyricum reduced 
diarrhea incidence compared to a placebo and 
improved nausea and vomiting symptoms, while also 
lowering systemic inflammation indicators [89]. 

Meta-analyses show that probiotic 
supplementation significantly decreases CID 
incidence and severity, with varying effects across 
different probiotic formulations. Studies have 
reported mixed results, such as reduced diarrhea 
incidence with Bacteroides fragilis 839 [91], and C. 
butyricum's effectiveness in preventing CID [89].  
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Table 1. The clinical research on the effects of probiotic strains on CID over the past decade. 

Age Author Probiotics (Species, Components) (Percentage of Patients,%) Study group Control group 
2024 Ting Z [91] Bacteroides fragilis 839 Incidence of Diarrhea 12 (15%) 24 (30%) 
2023 Wei H [93] compound probiotic preparation Incidence of Diarrhea 3 (7.14%) 21 (42.86%) 
2023 Eghbali A [97] LactoCare synbiotic Modeling odds of diarrhea (OR) 1.45 (1.17-4.01) 2.51 (1.35-4.13) 
2019 Tian Y [89] C. butyricum Incidence of no diarrhea 15 (75%) 8 (38.09%) 
2019 Zaharuddin L [98] mixture of six viable strains(Lactobacillus and Bifidobacterium) Incidence of no diarrhea 2 (25%) 1 (16.67%) 
2019 Reyna-Figueroa J 

[92] 
Lactobacillus rhamnosus GG. A Incidence of Diarrhea 0 (zero) 3 (10%) 

2015 Mego M [94] mixture of ten viable strains(Bifidobacterium, Lactobacillus , 
Streptococcus thermopilus and so on) 

Incidence of no diarrhea 14 (60.9%) 9 (39.1%) 

 
Lactobacillus rhamnosus GG showed promising 

results, though further research with larger samples is 
needed [92]. Mixed probiotic formulations also show 
potential, though effectiveness may vary by strain 
combination [93, 94]. 

While probiotics can reduce CID, their safety 
must be considered. They may cause adverse 
reactions in a small percentage of individuals and 
potentially increase infection risk in vulnerable 
populations, though such risks are generally low [95, 
96]. More extensive studies are needed to evaluate the 
impact of probiotics across different demographics 
and cancer types, and to optimize treatment strategies 
by exploring mechanisms, dose-response 
relationships, and strain interactions. 

Fecal microbiota transplantation 
Fecal microbiota transplantation (FMT) holds 

promise for alleviating chemotherapy-induced 
diarrhea (CID) by restoring intestinal microbiota 
balance, enhancing mucosal barrier function, and 
modulating immune responses [99]. Traditionally, 
FMT involved endoscopic or nasojejunal delivery of 
fecal samples, but now it is commonly administered 
via encapsulated oral capsules [100, 101]. Studies 
indicate FMT's effectiveness: in mice, FMT reduced 
diarrhea severity and improved gut morphology and 
inflammation [102]. In human trials, FMT also 
decreased diarrhea incidence and inflammatory 
markers while improving microbial community 
function [101]. 

FMT improves CID through several 
mechanisms, including restoring microbiota balance, 
reducing bacterial translocation, and enhancing 
intestinal barrier integrity. It can reverse 
chemotherapy-induced damage and boost beneficial 
bacteria like Bifidobacterium and Lactobacillus, 
improving the intestinal environment [101, 102]. 
However, FMT’s success depends on donor 
microbiome quality and matching with the recipient, 
and it involves complex procedures with potential 
risks. Adverse events, though mostly mild, can 
include gastrointestinal discomfort, and rare severe 

outcomes like infections or disease recurrence [103, 
104].  

Intestinal microbiota regulation offers promising 
potential for the future of treating CID. Approaches 
such as probiotics and fecal microbiota 
transplantation (FMT) not only hold promise for 
improving intestinal barrier function and reducing 
inflammation but also present advantages such as 
minimal side effects compared to conventional 
treatments. These methods can help restore gut 
microbiota balance with fewer adverse reactions, 
making them a compelling option for CID 
management. Continued research and development 
are likely to enhance their efficacy and application, 
positioning them as valuable tools in future 
therapeutic strategies for CID. 

Conclusion 
In the intestinal microenvironment, the intestinal 

microbiota plays a pivotal role in maintaining the 
integrity of the intestinal barrier function. Imbalances 
in the intestinal microbiota, along with disruptions in 
the intestinal barrier and inflammation of the 
intestinal mucosa, are significant mechanisms 
underlying CID. Disruption of the intestinal 
microbiome can stimulate TLR receptors through the 
DAMPS, MAMPS, or ENS pathways to activate the 
inflammation pathway, or activate the cGAS-STING 
pathway to cause excessive inflammation. However, 
current treatment options for CID have limitations as 
they fail to restore normal gut microbiota. Therefore, 
modulation of gut microbiota composition can 
effectively reduce both the occurrence and severity of 
chemotherapy-induced diarrhea while improving 
treatment efficacy and overall quality of life. It has 
been proven that the use of probiotics or FMT for 
chemotherapy-induced diarrhea is effective, but 
whether probiotics reduce the incidence of CID by 
inhibiting TLRs and STING pathways in the intestinal 
tract still needs further research. Meanwhile complex 
microbial compositions and individual variations 
within gut microbiota, the specific mechanism 
through which the strain exerts its therapeutic 
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impacts has not yet been discovered. Moreover, the 
existing probiotic preparations are still limited 
compared to the diversity of gut microbiota, and FMT 
is less convenient than oral medication. Furthermore, 
there is currently a lack of large-scale studies that 
have achieved higher levels of evidence grading and 
obtained guideline recommendations for the 
diagnosis and treatment of chemotherapy-induced 
diarrhea. Consequently, future directions should 
focus on conducting relevant basic research aimed at 
analyzing key pathways involved while developing 
more targeted. 
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