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Abstract: In the past decade, it has been discovered that intestinal flora can influence various organ-
specific cancers by altering the body's energy balance, increasing obesity, synthesizing genetic
toxins and small signaling molecules, initiating and modulating immune responses, and
metabolizing indigestible dietary components, exogenous substances, and drugs. In this review, we
will focus on elucidating the role of gut flora based on its molecular mechanisms and its potential
therapeutic implications in head and neck tumors in the near future.
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1. Introduction

Gut flora is the microbial community in the human gut, consisting of a wide range of
microorganisms including bacteria, fungi, archaea and viruses. These microorganisms form complex
interactions with the human host. Gut flora plays an important role in human health and disease
development [1]. For a long time, it has been believed that the role of intestinal flora is mainly limited
to helping food decomposition and absorption, in fact, the role of intestinal flora is not only limited
to helping food decomposition and absorption, but also involves many other aspects. In recent years,
more and more studies have shown that gut flora is closely related to human health [2]. With
increasing understanding, it has been found that the microbiota plays an important role in areas such
as pro- or anti-inflammation, and that maintaining a relative balance between them helps to maintain
intestinal health and immune homeostasis [3,4]. When the balance of intestinal flora is disturbed, it
can negatively affect host metabolism or immune responses and functions, which can lead to the
development of immune-related diseases such as inflammatory bowel disease, autoimmune diseases,
and even tumors, and H. pylori has been classified as a class I carcinogen, which attacks the gastric
mucosal cells by secreting a variety of toxins and enzymes, triggering inflammatory responses and
tissue damage, and it may also induce other changes of intestinal microbiota, leading to the
development of intestinal microflora [3,4]. flora changes, leading to an imbalance of intestinal flora,
which can further exacerbate the occurrence of intestinal diseases [5,6]. In addition, strains of
Escherichia coli, Shigella flexneri, and Bacteroides fragilis can produce a toxin known as poly-ADP-
ribose, which may lead to inflammatory responses and DNA damage, thereby promoting
tumorigenesis [5,6]. damage, which in turn promotes tumorigenesis and development [7-9]. Whereas
Bifidobacteria and Lactobacilli play an important role in the intestinal flora, they are thought to be
associated with reduced tumor incidence. They can promote the balance of beneficial flora in the
intestinal tract and inhibit the growth of harmful bacteria, thus maintaining intestinal health, and
have a certain immunomodulatory effect, which can inhibit the inflammatory response by regulating
the host's immune system, thus contributing to the reduction of the incidence of certain tumors [10].
Immunotherapy for cancer, especially the treatment of immune checkpoint inhibitors (ICHIs), has
made some remarkable progress. However, there is significant variation in the response of some
patients to immunotherapy, with some patients being ineffective. It was found that this variation may
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be related to differences in the patients' gut microbiome. By studying the gut microbiome of patients
receiving immunotherapy, scientists have found significant differences in the gut microbiomes of
patients who are insensitive or ineffective to immunotherapy compared to those who are sensitive to
immunotherapy. Several studies have found that the abundance of certain bacterial flora correlates
with the efficacy of immunotherapy, and that specific flora may influence the host's immune response
and thus the efficacy of immunotherapy [11,12].

The structure and composition of the gut microbiome may have an important impact on the
efficacy of immunotherapy. In the future, modulating the gut microbiome, for example by using
probiotics or other methods, may help to increase the response rate to immunotherapy and improve
the efficacy of immunotherapy. This also provides new ideas and possibilities for individualized
medicine and precision medicine. Of course, more in-depth studies in this field are still needed to
fully understand the complex relationship between the gut microbiome and immunotherapy.
Therefore, the importance of microbiota in tumor development, diagnosis and treatment needs to be
clarified. This article reviews the molecular mechanisms of gut flora and their role in the pathogenesis
and progression of various head and neck tumors, and discusses their potential as therapeutic targets.

2. History of Intestinal Flora

In 1683, Anton van Leeuwenhoek observed microorganisms in the gastrointestinal tract through
a microscope in the 17th century, which can be considered as one of the earliest perceptions of
intestinal flora.Subsequent studies gradually revealed the importance of intestinal flora for human
health [13].In 1908 Ilya Mechnikov proposed that lactobacilli are beneficial to health and that human
health can be improved by altering intestinal flora. This is considered to be the starting point of
intestinal flora research [14].In 1981, several studies quantitatively analyzed the early development
of intestinal flora [15]. The influence of gut flora on immune development can be traced back as far
as the 1990s, where attention began to be paid to the influence of gut flora on immune development.
It was found that a large number of microorganisms coexist in the human body, including bacteria
and fungi [16,17].In 1996, Wilson and Blitchington gained insight into the gut flora by sequencing
human feces using 16S rRNA technology. [In 2001, Joshua Lederberg coined the term microbiome to
emphasize that commensal microorganisms form a whole with humans and play a protective role in
our health [19].In 2003, viral macro genome analysis from human feces revealed that viruses and
fungi are also important members of microorganisms that have an impact on human health Since
then, studies have demonstrated that other microorganisms are equally important for human health
[20].In 2007, Eline Klaassens et al. used a macro-proteomics approach to analyze non-cultured fecal
flora, providing insights beyond the taxonomic identification of flora [21]. In recent years, through
the Human Gut Macrogenomics and Human Microbiome projects, we have gained a deeper
understanding of the structure and function of the human microbiota, as well as its relationship to
disease. Also, potential molecular mechanisms of gut flora-brain interactions have been revealed.
These findings provide a solid foundation for further exploration of the role and applications of gut
flora. The study of gut flora will help us to better understand the relationship between human health
and microorganisms and provide guidance for the development of relevant treatments and
interventions [22,23]. (Figure 1)
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Figure 1. History of the development of gut flora.
3. Mechanisms of Intestinal Flora in Disease

3.1. Gut Microbiota Regulates Brain Function through the "Gut-Brain Axis”

Recent studies have found a complex interaction between the gut flora and the brain. This two-
way communication can be carried out through the neural, immune and endocrine systems and other
pathways and media. First, gut flora can directly affect brain function through neural pathways.
Microorganisms in the gut can produce and release a variety of chemicals, such as neurotransmitters
and metabolites, which can enter the circulation, cross the blood-brain barrier, and affect brain
function and behavioral performance. For example, the products of certain probiotics can modulate
the levels of neurotransmitters, such as gamma-aminobutyric acid (GABA), which is important for
the regulation of mood and anxiety. Second, there is a close connection between gut flora and the
immune system. The gut is one of the largest immune organs in the body, and gut flora can interact
with intestinal immune cells to regulate the immune response. Some studies have found that poor
gut flora composition may be associated with autoimmune diseases such as leukemia and
rheumatoid arthritis. In addition, gut flora can influence brain function through the endocrine
system. Microorganisms in the gut can influence the synthesis and metabolism of a variety of
endocrine substances, such as serotonin, dopamine, and hormones, which are important for mood,
cognition, and behavior.

Some studies have shown that disturbances in gut flora are associated with the onset and
progression of several brain disorders. For example, disorders such as stroke, epilepsy, autism, and
Alzheimer's disease have been associated with abnormalities in the gut flora [24,25]. There are three
main pathways of interaction between the gut microbiota and the brain axis: 1. Bacteria can act on
the neuroendocrine system to regulate the concentrations of Y-aminobutyric acid (GABA) and
pentraxin (5-HT), as well as other neurotransmitters; 2. Bacteria and their metabolites can also act on
the vagus and enteric nervous systems to affect the brain and behavior; 3. The last one is the immune
system, where microglia and systemic cytokines have key mediating roles. These pathways may be
involved in the pathogenesis of neurodegenerative and other neurologically related diseases [26-29].
An in-depth study of these pathways will help us to better understand the complex relationship
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between the gut microbiota and the nervous system and provide new ideas and approaches for future
disease treatment and prevention.

3.2. Intestinal Flora Regulates Liver Function through the "Intestinal-Liver Axis”

The "gut-liver axis" refers to the bi-directional communication between the liver and the intestine
via the bile ducts, portal vein and the body circulation. There is a close interaction between the liver
and the intestine and the liver, with liver products influencing the composition and barrier integrity
of the intestinal flora, and intestinal factors regulating the synthesis of bile acids and glucolipid
metabolism in the liver. In the liver and gut, pro-inflammatory changes play an important role in
mediating the development of diseases that may lead to liver fibrosis, cirrhosis, and hepatocellular
carcinoma. For example, patients with alcoholic and nonalcoholic fatty liver disease often exhibit
features such as dysbiosis of the intestinal flora, increased permeability of the intestinal wall, and
altered levels of bile acids, ethanol, and choline metabolites [30-32]. An in-depth study of the gut-
liver axis interactions is important for our understanding of the mechanisms of liver disease onset
and progression. Further exploration of this area will provide useful guidance for the development
of new therapeutic strategies and preventive measures.

There are three main interaction pathways between the gut microbiota and the liver axis: 1) .
Dysbiosis of the gut microbiota may be associated with abnormal accumulation of serum metabolites;
2). Gut barrier disruption and induction of inflammatory responses in the TLR / NLR pathway; 3).
The biological clock affects the gut microbiota mainly through diet, sleep, and light/dark cycles, and
the gut flora regulates the expression of genes related to the biological clock, which in turn affects
metabolism and immunity. First, dysbiosis of the gut microbiota may be associated with abnormal
accumulation of serum metabolites; when the gut microbiota is dysbiotic, metabolite production and
clearance may be compromised, leading to abnormal accumulation of metabolites in the serum,
which in turn has an impact on liver function. Secondly, gut barrier disruption and inflammatory
response of Toll-like receptor (TLR) / Nod-like receptor (NLR) pathway are also important pathways
between the gut microbiota and the liver axis. An imbalance of gut microbes may lead to gut barrier
disruption, allowing harmful substances to enter the blood circulation through the intestinal mucosa,
stimulating inflammatory response of the TLR / NLR pathway, which may in turn lead to
inflammation and injury of the liver. Finally, the biological clock plays an important role between the
gut microbiota and the hepatic axis. The biological clock influences the composition and function of
the gut microbiota by modulating lifestyle factors such as diet, sleep, and the light/dark cycle, and at
the same time, the gut microbiota is able to regulate the expression of bioclimate-associated genes in
the host, which in turn affects the host's metabolism and immunity [33-36]. The study of these
interaction pathways provides important clues to our understanding of the relationship between the
gut microbiota and liver health, which can help to deeply explore the pathogenesis of liver diseases
and provide new ideas and strategies for corresponding treatment and prevention.

3.3. Gut flora Regulates Functions Related to Lung Diseases and Respiratory Infections through the Gut-
Lung Axis (GLA)

Gut flora regulates lung disease and respiratory infection-related functions through the "gut-
lung axis" (GLA). In fact, the interaction between gut flora and the lungs has been shown to play an
important role in a variety of diseases, including asthma, chronic obstructive pulmonary disease
(COPD), pneumonia and lung cancer. Several studies have shown that dysbiosis of the gut flora is
strongly associated with the onset and progression of asthma. For example, some studies have shown
that a decrease in Bifidobacterium spp. bacteria and an increase in Clostridium spp. bacteria in the
gut are associated with asthma early in life. In addition, partial removal of gut flora with antibiotics
can affect lung disease and allergic inflammation in mice. These findings suggest that dysregulation
of gut flora may be an important factor in the development of asthma. In addition, interactions
between gut flora and the lungs have been linked to diseases such as COPD, pneumonia, and lung
cancer. For example, some studies have shown that the use of neomycin to remove sensitive gut
bacteria leads to an increased susceptibility of the lungs to influenza virus infection. In addition, some
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studies have found that lipopolysaccharides from Streptococcus aureus have anti-inflammatory
effects and significantly ameliorate COPD by acting as antagonists of the Toll-like receptor 4 signaling
pathway [37-39]. The mucosal immune system (MIS) between the gut microbiota and the pulmonary
axis has been identified as a key communication framework for mitigating interactions between the
immune system and the microbiota, which includes three main interaction pathways, 1). Stimulation
of immune system cells by the microbial community, which stimulates gut-lung interactions through
the synthesis of specific secreted IgA and antimicrobial peptides (AMPs); 2). Stimulation of immune
system cells through the production of certain microbial metabolites, such as tryptophan catabolic
metabolites and short-chain fatty acids (SCFAs).3). Lung microbiota influences intestinal immunity,
with Staphylococcus aureus or Pseudomonas aeruginosa pneumonia inducing intestinal sepsis and
apoptotic processes, Specifically, the MIS involves a variety of cell types and molecular signaling
pathways, including substances such as T cells, B cells, macrophages, dendritic cells, and
antimicrobial peptides in specific pathways. These cells and molecules interact with each other
through multiple pathways, thereby facilitating communication and coordination between the gut
microbiota and the pulmonary axis. In particular, the gut microbiota stimulates gut-lung interactions
by synthesizing specific secretory IgA and antimicrobial peptides (AMP), which in turn have a
stimulatory effect on immune system cells. In addition, the gut microbiota can stimulate immune
system cells by producing certain microbial metabolites, such as tryptophan catabolic metabolites
and short-chain fatty acids (SCFAs). These metabolites affect the function and expression of immune
cells and may influence the level of inflammation in the gut and lungs. Additionally, the lung
microbiota can influence intestinal immunity. Several studies have shown that lung infections and
inflammation are closely linked to alterations in the gut microbiota, e.g., Staphylococcus aureus or
Pseudomonas aeruginosa pneumonia can induce intestinal sepsis and apoptotic processes. This
interaction is achieved through multiple molecular signaling pathways, including cytokines,
hormones, neuromodulation and metabolites in the gut and lungs [40-44].

Although the interactions between the gut flora and the lungs still need to be studied in depth,
this field has provided new perspectives and strategies for our understanding of the pathogenesis of
respiratory diseases and is expected to provide new ideas for the treatment and prevention of related
diseases.

3.4. Gut Flora Regulates Renal Function via the Gut-Renal Axis

Imbalances in the gut microbiota have been shown to be associated with the development of
hypertension and kidney disease. When the gut microbiota is imbalanced, it may lead to
physiological changes such as immune dysregulation, metabolic disorders, and sympathetic
activation, which in turn may affect the health status of the host. The concept that the gut is connected
to the kidneys through the formation of a "gut-kidney axis" suggests that the state of the gut
microbiota can influence kidney function and disease state. Studies have shown that alterations in
the gut microbiota may contribute to pathophysiologic processes such as glomerular disease and
chronic kidney disease. Therefore, maintaining a balanced gut microbiota is important for the
prevention and treatment of hypertension and renal diseases [45,46]. The gut-kidney axis can be
divided into three pathways: 1). Metabolism-dependent, the metabolism-dependent pathway is
mainly mediated by metabolites produced by the gut microbiota that have the ability to modulate
host physiological functions; 2). Inmune pathways, components of the immune system that play a
key role in the communication between the gut and the kidney; 3). Crosstalk between metabolism-
dependent and immune pathways, specifically, metabolism-dependent pathways are those in which
the gut microbiota regulates renal function and metabolic status through the production of
metabolites. The gut microbiota can influence host metabolic processes through metabolites such as
short-chain fatty acids (SCFA), medium-chain fatty acids, bile acids, and amino acid metabolites.
These metabolites can reach the kidneys through the blood circulation, thus affecting kidney function
and metabolic status. For example, SCFA can inhibit the inflammatory response and the production
of fibrinogen activator, thereby reducing the risk of kidney disease. The immune pathway primarily
involves interactions between the immune system and the inflammatory response between the gut
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and the kidney. Both the gut and the kidney are rich in immune cells and immune molecules,
including T cells, B cells, macrophages, and dendritic cells. These immune cells and molecules can
interact with each other through the circulation or the lymphatic system to influence the state of
health of the gut and kidneys. For example, imbalances in the gut microbiota may lead to rupture of
the intestinal mucosal barrier and aberrant activation of the immune system, which can lead to renal
inflammation and fibrosis. Crosstalk between metabolic dependence and immune pathways is also
an important mechanism, meaning that metabolites can influence the function of the immune system,
which in turn can regulate the production and breakdown of metabolites. For example, the immune
system can influence the production and utilization of metabolites by regulating the composition of
the gut microbiota. , [47-54]. In summary, the gut-kidney axis is a complex physiological pathway
that interacts between the gut and kidney through metabolic-dependent and immune pathways, and
there is synergy between these two pathways.

3.5. Dysbiosis of Intestinal Flora Affects Inflammatory Bowel Disease

A variety of microorganisms are involved in the development and progression of inflammatory
bowel disease. Inflammatory bowel disease is an abnormal immune response disease against one's
own normal intestinal flora, and the benefits of the intestinal microbiota to host physiology can be
categorized into three groups, 1). Nutrition: human commensal bacteria, such as Bifidobacterium
bifidum, synthesize and provide vitamins, such as vitamin K and water-soluble B vitamins, and
intestinal bacteria also provide short-chain fatty acids (SCFA; C2-C6) through fermentation of
resistant starch or indigestible carbohydrates (dietary fibers) [55,56]; 2). Inmune development: the
gut microbiota plays an important role in the development of the host immune system, which in turn
shapes the structure and function of the gut microbiota [57,58]; 3). Host defense: the gut microbiota
contributes to host defense against pathogens. Animals under sterile conditions are susceptible to
infection by enteric pathogens. Abnormalities in the mucosal immune system may contribute to this
susceptibility. Another mechanism for targeting pathogens is to prevent pathogen colonization by
competitively colonizing the commensal microbiota, thereby disrupting the physical and nutritional
ecological niche defects of the gastrointestinal tract. Inflammation, with the participation of the
intestinal flora, initiates unstoppable episodes of alternating episodes and remissions of intestinal
natural and acquired immune responses, leading to pathological changes such as damage to the
intestinal mucosal barrier, long-lasting ulcers, and inflammatory hyperplasia [59,60]. (Figure 2)
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Figure 2. Mechanisms of intestinal flora in disease.

4. The Role of Gut Flora in Tumors

Gut microbial homeostasis is closely related to human disease and health.The human
gastrointestinal tract contains a rich microbial community with a concentration of about 100 trillion
microorganisms[61] , and recent studies have indeed demonstrated that gut microbiota play an
important role in carcinogenesis. The following are some of the main mechanisms by which
microbiota are involved in carcinogenesis:, 1. Influence on host cell proliferation and death: certain
gut microbes can produce metabolites, such as short-chain fatty acids (SCFA), which can influence
the proliferation and apoptosis of host intestinal cells. Excessive proliferation and apoptosis may lead
to cell mutation and precancerous lesion formation; 2. Alteration of immune system activity: the gut
microbiota can regulate the activity of the host immune system. Certain microbial strains can cause
activation of the immune system and release inflammatory factors, leading to intestinal inflammation
and injury. A prolonged inflammatory state may increase the risk of tumorigenesis; 3. Influence host
metabolism: the microbiota is involved in regulating host metabolic processes. Certain
microorganisms can break down specific dietary components and produce harmful metabolites, such
as nitrites. These harmful metabolites may be associated with the development of intestinal cancers
[62]. For example, dysbiosis of the gut microbiota, which impairs the intestinal barrier function,
activates oncogenic MAPK / ERK signaling in the colonic epithelium to play a pro-tumorigenic role
in colorectal cancer [63], In addition, disruption of the balance of the intestinal flora can regulate
tryptophan metabolism to promote hepatocellular carcinomas [64], and there are differences in the
composition of the gut microbes between patients with lung cancer and healthy populations, and
metabolites of the aminocarbamoyl- tRNA biosynthesis pathway also seems to be closely associated
with lung cancer progression [65]. This evidence suggests that the gut flora plays an important role
in tumorigenesis and progression, and it is important to note that the role of microbiota in
carcinogenesis is complex and diverse, and there are still many unanswered questions. Further
studies can help us better understand the relationship between microbes and cancer and provide new
strategies for cancer prevention and treatment. In the next section, we will focus on their roles and
mechanisms in several common head and neck squamous cell carcinomas (HNSCC).
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4.1. Oral Cancer (OC) and Intestinal Flora

Oral cancer is a common malignant tumor of the head and neck with a high recurrence rate and
poor prognosis, with a 5-year survival rate of <50% [66,67].In recent years, more and more studies
have shown that there is a strong association between the oral microbiota and oral cancer. In addition,
the oral and intestinal microbiomes have been recognized as potential biomarkers of cancer and may
influence the response to anticancer therapies. Several studies have found that disturbances in the
oral and gut microbiota are associated with the development and progression of oral cancer. For
example, patients with periodontitis have an increased susceptibility to non-infectious chronic
inflammatory diseases driven by multiple microbe-induced immune mechanisms. In addition,
radiotherapy may lead to shifts in the composition of the flora in oropharyngeal swabs from patients
with oropharyngeal squamous cell carcinoma, which may have prognostic and therapeutic
implications [68,69]. The oral and intestinal microbiome has emerged as a potential biomarker of
cancer, and the microbiome residing in the oral gastrointestinal tract has been implicated in
carcinogenesis and modulating the response to anticancer therapies in many tumor types, as shown
in a prospective study. Radiotherapy leads to a shift toward gut-like microbiome composition in
oropharyngeal swabs of HPV+ oropharyngeal squamous cell carcinoma, a finding that may have
prognostic and therapeutic implications [70]. The oral microbiome is connected to the lung and gut
microbiomes in a complex manner and is able to regulate inflammatory signals through the
coordinated crosstalk that occurs between different species of resident bacteria that promote TLR-2-
mediated T-cell activation through their most representative strains, maintaining the oral
microenvironment on leading to tumorigenesis [71]. A recent study examined the association
between the community composition and structure of the colonic adherent microbiota and oral
health, using the number of tooth loss and gingival disease as markers of oral health in the
population, and concluded that oral health is associated with alterations in the community
composition and structure of adherent enteric bacteria in the colon [72]. And we have already
mentioned the close relationship between gut flora and several cancers, based on this, it is interesting
to imply that disturbances in gut flora also influence the development and progression of oral cancer,
just more experimental validation is needed to prove our conjecture.

4.2. Nasopharyngeal Carcinoma (NPC) and Intestinal flora

Nasopharyngeal Carcinoma (NPC, NPC) is one of the most common malignant tumors in East
and Southeast Asia. Since early symptoms of nasopharyngeal carcinoma are not obvious and difficult
to be detected, most of the patients are already in advanced stages when they arrive at the hospital.
Advanced NPC is difficult to treat and has a poor prognosis, with nearly 80% of NPC patients being
diagnosed at an advanced stage [73], and an imbalance of intestinal flora is thought to be associated
with multiple organ malignancies. The current study suggests that disruption of the intestinal flora
is associated with nasopharyngeal cancer, which was found to be associated with an imbalance in the
structure of the intestinal flora, and patients in the familial nasopharyngeal cancer group and
sporadic nasopharyngeal cancer group showed significant changes in the structure of the intestinal
flora compared with healthy controls. In the familial nasopharyngeal cancer group, there was a
significant increase in Trichoderma, Citrobacter spp, Verotrichum spp and Prevotella spp, and a
significant decrease in Mucor and Roseola spp, while in the sporadic nasopharyngeal cancer group,
there was a significant increase in Clostridium rayonii, Chromobacterium finely, B. microtus, and
Bifidobacterium klebsiensis spp and a significant decrease in Bifidobacterium adolescentum. And a
study found that 5-HT was overexpressed in human NPC samples, C. ramosum is an anaerobic
bacterium found mainly in the intestinal tract, and its metabolites can stimulate the secretion of 5-HT
from ECs, which can promote plasma levels of 5-HT potentially facilitating the progression of
nasopharyngeal cancer. This suggests that elevated 5-HT is associated with a significant increase in
opportunistic pathogens and a significant decrease in probiotics [74-77]. The results of a randomized
clinical trial showed that probiotics combined with radiotherapy for the treatment of nasopharyngeal
carcinoma patients undergoing concurrent radiotherapy significantly enhanced host immunity by
altering the intestinal flora [78], and that interactions between the host immune system and the
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microbiome may underlie the role of the microbiome in cancer therapy [79]. As the relationship
between the two continues to be studied, alterations in gut flora may not only serve as an early
noninvasive diagnosis of nasopharyngeal carcinoma, but may also play a special role in future
nasopharyngeal carcinoma treatment in order to change the prognosis of the patients and achieve a
more satisfactory outcome.

4.3. Thyroid Cancer (TC) and Intestinal Flora

Thyroid cancer (TC) is the most common endocrine malignancy and its incidence is still
increasing worldwide [80]. Emerging studies have provided a preliminary understanding of the
thyroid-gut axis, suggesting that intestinal flora and their metabolites may act directly or indirectly
on the thyroid by influencing intestinal micronutrient uptake, iodothyronine conversion and storage,
and immunomodulation, providing new insights into the pathogenesis of thyroid disease and clinical
management strategies [81]. The thyroid gland requires iodine as a supplemental micronutrient for
the synthesis of thyroid hormones, and trillions of microorganisms in the gut play a key role in
regulating iodine metabolism, and studies have shown that a reduced gut microbiota may affect
radioactive iodine uptake and thyroid function[82] . Thyroid hormone homeostasis is closely linked
to the effect of gut microbiota on iodothyronine metabolism, and the dose of levothyroxine required
to maintain stable TSH levels is related to the microbiota[83,84] . The genus of altered gut microbiota
in the TC group was found to be significantly associated with lipid metabolites and lipid levels, and
serum metabolomics analyses of patients with distant metastases of thyroid cancer also showed that
the interaction between diet and gut microbiota may play an important role in tumor aggressiveness,
with the microbiota in the thyroid cancer group having a higher abundance and diversity than that
in the healthy control group and altered in relation to serum lipid metabolites [85-87]. The correlation
between thyroid cancer, thyroid nodules and microbiota was investigated by high-throughput
sequencing comparing the microbial structural characteristics of 36 patients with thyroid cancer, 72
patients with thyroid nodules, and 73 healthy controls, which showed that thyroid cancer and thyroid
nodules were strongly associated with altered microbiota [88].SCFAs are thought to have a regulatory
role in the immune microenvironment, and these studies have found that reduced abundance of
SCFAs-producing bacteria such as Spirochaetaceae and Aeromonas butyricola in thyroid cancer
patients [89,90]. Cholesterol can increase the aggressiveness of TC, with significant changes in the
abundance and composition of gut microbiota and metabolites in the TC group, and these genera
have been significantly associated with disturbances in lipid metabolism in TC patients [87,91].
Further understanding of the characterization of gut microecology in TC will help to identify risk
factors affecting the development and progression of TC.

4.4. Glioma and Intestinal Flora

Maturation and development of the human central nervous system (CNS) is regulated by
intrinsic and extrinsic factors. Studies, mainly from germ-free or broad-spectrum antibiotic-treated
animals, have shown that specific microbiota can influence CNS physiology and neurochemistry [92],
that the gut-brain axis is used to define the relationship between the microbiota and its interactions
with the brain, leading to changes in the state of the CNS, and that ecological dysregulation of
microbial species may induce atypical immune signaling, imbalance of homeostasis in the host, and
even CNS system disease progression [93,94]. Recent studies have shown that the microbiome affects
microglia properties and functions [95]. Glioblastoma is one of the most malignant tumors with a
particularly high mortality rate[96] . Therefore, new therapeutic agents and approaches are needed
to combat this deadly disease. Recent studies have demonstrated the potential role of the microbiome
in immuno-oncology[97] , and in the analysis of fecal samples from patients with metastatic
melanoma, Bifidobacterium longum, Corinobacterium perfringens, and Enterococcus faecalis were
found to be in increased abundance in subjects responding to PD-1 inhibition with therapeutic
antibodies, suggesting that certain microbial taxa in the intestinal tract may provide supportive roles
to augment the effects of PD-1 blockade[98] . Glioma development leads to dysregulation of gut
ecology in a mouse model, with increased abundance of the warty microbial phylum and the genus
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Akkermansia following glioma growth, and fecal samples were collected from healthy controls
before and after radiochemotherapy, as well as from patients with gliomas at the time of diagnosis.
Compared to healthy controls, mice and glioma patients showed significant differences in beta
diversity, the Fusobacterium thicketi / Fusobacterium anisopliae (F / B) ratio, and an increase in the
warty microbial phylum and Ackermansia spp. [99]. A meta-analysis revealed an association
between human cytomegalovirus (HCMV) and glioma the mechanism of which may be related to
the stress response of glioma cells triggered by HCMV through the down-regulation of specific
miRNAs, as well as polyomaviral and adenoviral infections have been associated with the
development of gliomas[100-102] . Typical pathogens Enterobacteriaceae are overrepresented in
meningiomas and can also inhibit SCFA-producing bacteria and lead to ecological dysregulation of
the immune and intestinal environments, and the genus Akkermansia can induce inflammatory
responses, neurotoxicity, and blood-brain barrier disruption in the microenvironment of gliomas
through its ability to degrade the intestinal mucosal layer Therefore, ecological dysregulation of the
intestinal microbiota is more severe in patients with neurogliomas,. While both Lactobacillus spp.
and Agathobacterium spp. may have antitumor activity through butyric acid production, which
prevents pathogen invasion, slows tumor progression, and modulates immune responses in the CNS,
in addition, Bifidobacterium spp. belongs to the probiotic family, which contributes to the dynamic
balance of immunity, neurohormones, and metabolism [103]. Early in life, the gut flora is balanced
and healthy, but with various treatments or conditions, the gut flora is compromised, which promotes
glioma progression. As new evidence emerges, gut flora can even be used as a biomarker to predict
prognosis and response to treatment in glioma patients, however more research is needed to
determine the detailed function of gut microbes on glioma treatment.

5. Gut Flora in Head and Neck Tumors

Radiation and chemotherapy for cancer may lead to decreased immunity in cancer patients, and
research evidence suggests that the gut microbiota can modulate anticancer immune responses and
attenuate toxic side effects associated with cancer treatment [104-107]. The main treatment for
nasopharyngeal carcinoma is radiation therapy, but radiation therapy can cause a variety of side
effects and can also alter the composition of the intestinal flora. Macrosequence sequencing analysis
of intestinal flora data revealed that raw wheat and turmeric dispersions in combination with
irradiation can enhance the effectiveness of tumor therapy. Radiation therapy reduced the total
number and diversity of intestinal flora in nude mice and altered the structure of the flora. In contrast,
raw wheat and turmeric san both protected the diversity of the flora and partially restored the
imbalance of the flora caused by irradiation [108]. A randomized double-blind trial found that
probiotic combinations significantly enhanced patients’' immune responses and reduced the severity
of oral mucositis (OM) in nasopharyngeal carcinoma patients undergoing simultaneous radiotherapy
by altering the gut microbiota [109], while a phase II randomized clinical trial also concluded that, in
a rat model, probiotic mixtures ameliorated the severity of OM, reduced inflammatory responses,
induced apoptosis and intestinal permeability, and normalize the structure of the gut microbiota. In
conclusion, a modified probiotic cocktail significantly reduced the severity of OM by enhancing the
immune response and altering the structure of the gut microbiota in nasopharyngeal cancer patients
[110]. A recent study found that in 131I-treated postoperative TC patients, the most notable
differences were a decrease in Thickettsia and an increase in Bifidobacterium anisoplia, resulting in
a significant decrease in the ratio of Thickettsia to Bifidobacterium anisoplia after treatment, and that
G-Dorea and g-Bifidobacterium may be potential targets for clinical interventions to improve the 1311
in TC patients in the postoperative period [111]. Another randomized clinical trial also found that
probiotics significantly restored gut and oral microbial diversity and reduced the incidence of
complications in patients after thyroid cancer resection [112]. Neuroglioma is a life-threatening
malignant tumor, and traditional radiotherapy is not very effective. More and more studies have
shown that microorganisms and their derivatives can be used as cancer therapies, which mainly
include three kinds: 1. microbial derivatives used in glioma therapy, bacteria can produce active
substances such as bacteriocins and antimicrobial peptides, which are used in the treatment of
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gliomas through different mechanisms [113-115]; 2. phages can target gliomas for drug delivery, and
phages have a strong affinity for the VAV3 protein GICP (glioma-initiating cell peptide), which has
a strong affinity for VAV3 protein, and phages can be used to precisely deliver drugs to gliomas [116];
3. Microbial targeting of gliomas, where many bacteria can cross the blood-brain barrier to enter the
center through a unique mechanism, which lays the groundwork for bacterial entry into targeted
gliomas, and where viruses have their own mechanisms or use immune cells as carriers, which, when
administered systemically, can cross the blood-brain barrier and enter gliomas. administered, can
cross the blood-brain barrier to reach the glioma site [117,118]. The metabolite of gut bacterial flora,
CK (a metabolite of ginsenoside), reduces the migration and invasive capacity of glioma cells in vitro
by inhibiting downstream SDF-1 and CXCR4 signaling [119,120], and alterations in the gut microbiota
caused by antibiotic treatment induced early damage to NK cells and induced changes in microglia
phenotype, suggesting that altered gut-immune-brain communication may contribute to the
induction of a tumor-tolerant CNS microenvironment, which facilitates tumor development [121].
Recent studies have demonstrated that the gut microbiota can be involved in glioma development
and individualized efficacy through immunomodulation, and have identified gut bacteria as
predictive biomarkers as well as clinical therapeutic targets [122].

6. Summary and Prospects

The intestinal flora currently plays a role in the development of diseases mainly by the pathways
of intestinal-brain axis, intestinal-lung axis, intestinal-hepatic axis and intestinal-renal axis, which
mainly regulate the mechanisms of neurological, endocrine and immune aspects, and how it affects
the occurrence and progression of tumors is an interesting question.

Cancer is very harmful to human health, and there are limited ways to treat cancer. At present,
the clinical treatment for head and neck cancer is relatively single, synchronous radiotherapy
combined with immunotherapy or targeted therapy is a common pathway for clinical treatment, but
the toxic side effects are large, the study found that the intestinal flora can regulate tumor immunity
and may be involved in the progression of the disease, so there is a huge potential in the
desensitization of tumors. The microbiome may play an important role in the tumor
microenvironment, and if the intestinal flora can be used to stimulate stronger immune function in
the body, this could be another major advance in tumor desensitization therapy. With the further
understanding of the relationship between intestinal bacteria and immunotherapy, radiotherapy,
etc., we have learned that some intestinal genera can also reduce the serious complications brought
by radiotherapy, and how to regulate the intestinal flora seems to have become a new topic and
direction to study the future anti-tumor therapy.

It has the potential to lead a new era in the treatment of cancer and other diseases, but we should
not exaggerate the importance of intestinal flora in cancer treatment. At present, despite these new
discoveries about intestinal flora, there are still very few studies on its role in diseases, especially on
the role played by intestinal flora in head and neck tumors, which is still limited, and more
experiments and clinical trials are needed to explore its practical value and clinical applications to
support our conclusions.
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