ScientificScholar®

Knowledge is power

Publisher o tific Journals

Review Article

https://adejournal.com/

JOURNAL OF
ACADEMY OF DENTAL
EDUCATION

Journal of Academy of Dental
Education

From the mouth to gut: A microbial journey!

S. R. Apoorva, 111 BDS Student

Department of Oral Pathology and Oral Microbiology, Vinayaka Mission’s Sankarachariyar Dental College, Vinayaka Mission’s Research Foundation
(Deemed to be University), Salem, Tamil Nadu, India.

*Corresponding author:

S.R. Apoorva,

III1 BDS student, Department
of Oral Pathology and Oral
Microbiology, Vinayaka
Mission’s Sankarachariyar
Dental College, Vinayaka
Mission’s Research Foundation
(Deemed to be University),
Salem, Tamil Nadu, India.

apoodheezl 0@gmail.com
Received : 10 September 2020
Accepted : 24 September 2020
Published : 29 December 2020
DOI

10.25259/JADE_6_2020

Quick Response Code:

ABSTRACT

The oral microbiome invades almost the whole of the body, resulting in “n” number of systemic diseases. The
gut is no exception in falling short to them. Many studies both in the four legged animals and their two legged
successors (presumed to be the humans) have concluded that the oral microbiome can translocate to the gut
and change its microbiota and eventually the immune defense. This ectopic displacement of oral microbiome
specifically occurs in severe systemic diseases. Most commonly it is seen having its rage in patients with chronic
periodontitis. Dysbiosis in the subgingival microbiota and immune defense, sometimes dysregulation in the
gut, turns out to be the threat posed by the oral microbes. Among the other tiny troublemakers, Porphyromonas
gingivalis remains the most serious. A dysbiotic gut microbiota may further cause diseases elsewhere in the
body. The fact that chronic periodontitis may affect the gut microbiota suggests that the future would foresee a
coordinated approach to the treatment of periodontitis and gastrointestinal diseases. Although this specific area
of investigation is still a bud, it may portray different pathways for the oral microbiome to cause systemic diseases
thence deserving a detailed probe furthermore.
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INTRODUCTION

A man’s oral cavity hosts more than 700 varieties of microbes.!"! These microbes play an important
role in role in modifying human health, thereby leading to disease. The oral microbiota is one
of the most complex microbial communities in the whole human body (1). The completion of
Human Microbiota Program® saw that with the developing trends in the world, people too
upgraded their awareness of oral microbes but have not yet analyzed the action of oral microbiota
in oral diseases such as caries, periodontal disease, and even few types of oral cancers. Another
report from Segata et al.”! in Genome Biology said that the oral cavity and stool bacteria over-
lapped in nearly half (45%) of the subjects in the Human Microbiome Project, suggesting that the
transfer of oral bacteria to the gut is therefore common. Evidences show that the members of the
oral and oropharyngeal microbiota reach the stomach through swallowed saliva, nutrients, and
drinks and they are in harmony with digestive diseases. Saliva production ranges from 0.75 to 1.5
L/day but this range depends on the stages of disease progression. The ingested saliva contains an
enormous amount of oral microbes. In general, these bacteria are poor colonizers of the healthy
intestine.! Severe diseases, however, see an increased amount of oral bacteria in the intestine,
as in inflammatory bowel disease (IBD), HIV infection, liver cirrhosis, colon cancer, primary
sclerosing cholangitis, gastroesophageal reflex disease, and alcoholism.”! With these microbes
as the central target, the treatment of oral and systemic diseases would go hand in hand. This
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article shall discuss the action of oral microbiota which leads
to gut-related diseases.

NATIVES OF THE ORAL CAVITY

One of the most complex environments in the human
body is the oral cavity. It constitutes the lips, tongue, teeth,
periodontium, hard and soft palate, floor of the mouth, and
buccal mucosa, which remains as a gateway between the
environment and the body and is the first line of defense
against microbes and their products.!® The oral cavity adds
a feather to its cap by serving as a primary digestive organ
which helps to breakdown carbohydrates and dietary lipids
- the two major energy sources for the host physiology and
bacterial growth. This anatomical cavern hosts microbiome
of about 700 bacterial species as well as various viruses and
fungi. These microbiota can be either aerobic or anaerobic
with bacteria being its main inhabitants® primarily
comprising of the Firmicutes, Bacillus, Proteobacteria,
Actinomyces, Fusobacterium, Veillonella, and Streptococcus
mutans, Porphyromonas gingivalis, Staphylococcus, and
Lactobacillus.”" S. mutans is the most common visitor and
also contributes to the formation of dental plaque!® and
dental caries” occurring in hard tissues of the teeth which
has the highest incidence among all the other oral diseases.
It is followed by P gingivalis, a periodontal anaerobic
bacterium, which when ignored results in the mobility of
teeth. Another familiar bacterium is Lactobacillus, a group
of microbes that live in the body to benefit the host. Since
it is a sugar fermenting bacteria, it can easily cause caries.
The next group of microbes in race is around 85 species of
fungi, of Candida" is the keystone. Candida is dormant in
a neutral environment and when the iron is hot, it strikes
by forming a biofilm with Streptococcus to play a spoilsport.
Few members of the viruses, mainly phages, are also a
part."! Some of the non-original viruses which appears in
the mouth due to certain diseases is the mumps virus and
HIV [Table 1]. The oral microbiota can be either beneficial or
potentially pathogenic!® and is kept in balance by the natural
defense mechanisms of the oral cavity like the cell shedding
from the epithelial surface layers and salivary secretions all
of which can limit excessive microbial colonization. Salivary
immunoglobulins such as IgA, IgG, and IgM as well as
salivary agglutinins, histatins, and lysozymes are a part of
the host defense.? These oral microbiota are influenced by
multiple factors such as personal hygiene, diet, smoke, and
sometimes host genetic factors.

INFLUENCE OF THE CONTRIBUTING FACTORS
ON OVERALL HEALTH

Evidences say that oral microbiota has an impact on the
systemic health of an individual to an extent. Diet patterns
and food extracts influence oral microbiota. In this world of

Table 1: This shows some of the types of oral microorganisms
along with its representative members, responsible for causing
gut-related diseases.

Types of microorganisms Representative members

involved

Bacteria Firmicutes, Bacillus, Proteobacteria,
Actinomyces, Fusobacterium,
Veillonella, and Streptococcus
mutans, Porphyromonas gingivalis,
Staphylococcus, and Lactobacillus

Fungi Candida

Viruses Phages, mumps virus, and HIV

diversity, diet patterns vary from person to person. Some are
vegetarians, westerns, and hunter-gatherers.” Researchers
who have attempted to investigate the impact of oral
microbiota using different diet strategies on oral health and
physiology found major differences among hunter-gatherers,
traditional farmers, western diet, and vegetarians. Through
a 16 s short-gun sequencing of salivary DNA, sufficient
evidence has shown that abundance ratios of core species
are significantly correlated with diet pattern. The galore
of Neisseria and Haemophilus showed a huge difference in
the hunter-gatherers and westerners and difference in the
traditional farmers was in between them. Hunter-gatherers
were found to possess few oral pathogens indicating that
too much of meat in diet has more tendency to cause oral
diseases. The vegetarian diet, on the other hand, alters
the oral microbiota’s composition at all taxonomic levels,
including the oral pathogens (Neisseria and Haemophilus)
and respiratory tract microbes (Campylobacter and
Porphyromonas), thereby altering its function. Gene function
analysis indicated that the adaptation from hunter-gatherers
to western diets may be Vitamin B5 autotrophy and urease-
mediated pH regulation.'" Many studies have shown that
intake of green tea or purified catechins helps to prevent oral
cancers. When the researchers measured the oral microbiota
of tobacco smokers before and after drinking green tea, they
found that these smokers were at high risk for oral cancer.
The sequencing results showed apparent changes in the
relative abundance of Streptococcus and Staphylococcus after
green tea intake, which indicated that the tea can change
oral microbiota and affect carcinogenesis.! Polyphenol
is a common food extract found in grapes, cherry, red
wine, and apple and its metabolism starts in the oral cavity,
but how it influences the oral microbiota still remains a
question mark. Of late, alcohol polyphenols were found
to exert an antibacterial effect on oral pathogenic bacteria
(such as S. mutans), which acts by inhibiting the adhesion
of pathogenic bacteria and formation of biofilm. In addition,
they can also inhibit the host inflammatory response caused
by periodontal pathogens. Thus, polyphenols are considered
to be the faith healers against oral pathogens.!"” The tobacco,
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alcohol, and areca nut users are more prone to oral cancers
than the individuals who do not consume them. Researchers
have sequenced salivary microbiota to assess the influence
of chewing betel nut. Bacterial diversity was found to be
considerably reduced among areca nut chewers. Betel
nut chewers exhibited an increasing ratio of Actinomyces
and Streptococcus and reduced relative abundance of
Parascardovia. Thus, oral microbiota may sometimes
negatively influence the overall health upon digesting specific
food."”

PATHWAYS BRIDGING THE ORAL
MICROBIOTA AND GUT

Previously, many studies have revealed a mass of orally
derived bacteria in the gut of patients with various diseases,
but whether these oral bacteria have the potential to induce
intestinal inflammation and cause systematic diseases
remained unknown," however, recent studies have shown
that these orally derived bacteria can colonize the intestines,
resulting in the activation of intestinal immune system and
chronic inflammation;! researchers who ingested saliva
samples from patients with Crohn’s disease into germ-free
mice found a marked increase in T helper 1 (Thl) IFN-
alpha+CD4+ cells in the intestinal lamina propria. They
also identified a bacterium that is primarily colonized in the

Bacteremia
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colon, named Klebsiella pneumoniae 2H7 (Kp-2H7) which

may be the main cause of TH1 cell accumulation. However, its

colonization in wild-type mice does not provoke an immune
response. All these experiments indicated that this species of
bacteria can be colonized in a dysbiotic gut microbiota and

act as a pathogen in susceptible hosts. Transplantation of a

Klebsiella strain of bacteria isolated from ulcerative colitis

into germ-free mice can lead to an immune response and

accumulation of TH1 cells. Through the results of 16 s rDNA
sequencing, it is found that Klebsiella strain of bacteria in
patients with Crohn’s disease increases significantly and in

IBD patients, Klebsiella-related genes are found predominant

in the gut microbiota.” Although many studies have

confirmed the close connection between the oral microbiota
and digestive diseases, the three possible ways which bridge
the oral cavity and digestive system are described as follows:

1. The oral microbiota tends to directly invade the intestinal
tract through the esophagus, creating an imbalance in
the intestinal microecology, hence affecting the digestive
system [Figure 1]202!

2. According to a study on colorectal cancer, Fusobacterium
nucleatum colonizes and shows its action in the colorectal
tract by the systemic circulation. Few oral microbes,
especially the pathogenic bacterial strain involved in
periodontitis, can enter this systemic circulation through

~00=—03 —
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Figure 1: These are the pathways by which oral microbiota causes gut-related problems. It also shows the systemic complications caused by

them.
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the periodontal blood, thereby acting on the whole body
[Figure 1]%2

3. When the human body is in a low-grade inflammatory
state (arising due to the metabolites of the oral
microbiota in the systemic circulation), there are many
opportunities for the occurrence of multiple chronic
diseases of the digestive system. This approach is
currently not supported by direct evidence from oral
microbiological studies. However, there are studies which
provide enough sources on systemic disease developing
due to an imbalance in gut microbiota which indirectly
hints an involvement by the oral microbiota.?*?

P gingivalis is another important bacterium that induces
dysbiosis by impairing innate host defenses and disrupting
the interaction between host microbiota and mucosa. It can
target the complement C5a receptor 1 (C5aR1) and toll-like
receptor 2 to activate the PI3K signaling pathway, which
blocks phagocytosis and promotes inflammation by secreting
SerB, a serine phosphatase, specifically dephosphorylates the
p65 NF-B homodimer, which, in turn, inhibits the formation
and nuclear translocation of NF-B-p65 homodimers.
Transcription of the IL8 gene is reduced, and the IL-8
neutrophil gradient is disrupted during this process. This
action will contribute to the cyclical nature of periodontal
tissue destruction.!

ORAL MICROBIOTA AND THE “ORPHANED”
OVERALL HEALTH

The microbes that dwell in the oral cavity remain the
mastermind behind wide range of oral diseases, with the
caries being predominant followed by periodontal diseases
and in some cases, oral cancers. These are also involved either
directly or indirectly in causing other metabolic diseases of
the gut including diabetes,! intestinal bowel disorders,?!!
obesity, liver diseases, colon cancers, and pancreatic cancers
[Figure 1]. It may also be responsible for an autoimmune
disease and rheumatoid arthritis.”!

Obesity

In today’s world, obesity has become a disease next door.
This particular disease has no mercy but it definitely can be
prevented. Many reports have described a close relationship
between gut microbiota and obesity. According to a study,”*
33 adult obese people and 29 healthy adults with normal
weight were selected to identify the composition of oral
microbiota. The study found that oral microbiota in the
obese group was quite different from those in the healthy
group. However, the bacterial diversity and abundance of
oral microbiota in the healthy periodontal obese people were
markedly reduced. The oral microbiota of obese people saw
a significant rise in the abundance of Plasmodium, S. genus,

and S. mutans, whereas there was a fall in the abundance
of Haemophilus, Corynebacterium, carbonophilic phage,
and Staphylococcus. The environmental adaptability of the
oral microbiota of obese people and the biodegradability of
exogenous substances were low, and they exhibited notable
features of immune diseases. Till date, researchers have only
found that there is an imbalance in the oral microbiota of
obese people, but the underlying mechanism needs a detailed
investigation.!

Liver diseases

Previously, it was known that the imbalance of gut microbiota
is one of the major factors that lead to the development of
liver disease. However, recent studies have reported that
imbalance of both gut and the oral microbiota is linked.
The diversity and the composition of oral microbiota
in patients with liver cancer were significantly different
than that of healthy people. Among them, Clostridium,
Oribacterium, Ciliate, Actinomyces, and Campylobacter
appeared to have high abundance, whereas Haemophilus,
Streptococcus, and Pseudomonas have a low abundance.
Clostridium and Oribacterium are the potential biomarkers
that help in the diagnosis of liver cancer and also distinguish
between patients with liver cancer from healthy people.
Those with liver cirrhosis too exhibit an imbalance of oral
microbiota. In them, there is a reduction in the abundance
of oral symbiotic bacteria and an increase in the abundance
of potential pathogenic bacteria (e.g., Enterobacteriaceae
and Enterococcus). Researchers who compared the gut
microbiota of patients with cirrhosis and healthy people
found that the intestinal microbiota of patients with cirrhosis
is enriched with a variety of oral microbes, including
Weirong, Streptococcus, Pasteurella genus, Haemophilus,
Lactobacillus, and Clostridium. The researchers revealed that
the oral microbes invade gut microbiota of patients with
cirrhosis. Studies in animals have shown that P gingivalis
invades the intestinal tract and hence responsible for the
changes in gut microbiota’s composition, increased intestinal
mucosal permeability and insulin resistance, and results in
the spreading of gut’s bacteria to the liver which, in turn,
results in an increased triglyceride levels in liver tissue. These
changes validated the ability of oral microbes to invade the
gut?3 in addition to the potentially affecting transplant
outcomes, periodontitis is proved to be clinically involved
with liver diseases such as pre-cirrhotic non-alcoholic fatty
liver disease, cirrhosis, and hepatocellular carcinoma;®!!
there are chances that the link between the liver and the oral
cavity could be made possible through impaired intestinal
permeability that, in turn, could allow direct translocation
of bacteria along with their products and inflammatory
mediators from the oral cavity to the systemic circulation. In
addition to periodontitis, cirrhotic patients exhibit numerous
other oral issues, such as petechiae, candidiasis, and
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xerostomia. Although studies regarding a relation between
periodontal and liver diseases are not as crystal clear as other
studies linking periodontitis and systemic conditions, such as
diabetes and cardiovascular disease,*” a greater incidence of
periodontitis (about 25-68%) has been reported in cirrhotic
patients compared with healthy controls® an observation
which definitely requires a detailed probe.

Colon cancer

Reports have shown that along with the gut microbiota, the
oral microbiota too is closely related to colorectal cancer. A
member of the oral microbiota, F nucleatum translocates
to extraoral sites through systemic circulation and with the
decline of immune mechanisms, it leads to local inflammation
and indirectly promotes tumor formation. E nucleatum
is a Gram-negative obligate anaerobic bacterium. Several
reports have isolated E nucleatum from colorectal cancer
tissues. Patients with high abundance of E nucleatum have a
higher tendency to develop colorectal cancer;®* hence, the
abundance of these bacteria serves as a potential marker for
colorectal cancer. Studies reveal that E nucleatum directly
acts on host cells and adheres to normal cells and E-cadherin
of cancerous epithelial cells through FadA, hence, activating
catenin-regulated transcriptional pathway which leads to
increased expression of cancer marker genes which, in
turn, promotes cancer. These bacteria can also mediate
the entry of non-invasive bacteria (such as Streptococcus
and Campylobacter) into cells indirectly promoting the
development of tumors. Studies have found that E nucleatum
can also be transferred from the mother’s mouth to fetal
tissue and cause fetal death. In patients with colorectal cancer,
Han et al. found that the biofilm of their colonic mucosa is
consistent with its periodontal biofilm component. However,
E nucleatum was not detected in the stool of patients with
colorectal cancer. Hence, it is concluded that E nucleatum
may not translocate from the oral cavity through the digestive
tract. The specific mechanism underlying its movement is
still unclear, but it may involve transient bacteremia in the
bloodstream and then transfer to the colorectal tumor.>”!

Pancreatic cancer

Pancreatic cancer has a high mortality rate and stands fourth
among the cancers leading to death. However, its etiology
still remains dark. The predominant risk factors that develop
pancreatic cancer are genetics, smoking, and obesity. In
addition, imbalance of oral microbiota also plays a major
role. Helicobacter pylori and P. gingivalis of the oral microbial
community are closely related to pancreatic cancer. A study
which compared the oral microbiota of 361 patients with
pancreatic cancer and 371 patients with non-pancreatic
cancer showed that the detection rate of P. gingivalis and
Actinobacillus actinomycetemcomitans in the oral cavity

of patients with pancreatic cancer appeared to be high.
Therefore, the presence of P. gingivalis in the patient’s mouth
for a longer period suggests a high risk for pancreatic cancer.
It has the ability to promote the occurrence and development
of tumors in different ways. In animals, an evasion of the
host immune activation both in vivo and in vitro was noticed.
P, gingivalis binds to toll-like receptors 2 and 4, activates the
NF-B pathway, induces the expression of cytokines (such
as TNE IL-1, IL-6, and IL-8), and forms an inflammation
microenvironment, hence promoting tumorigenesis,®
epidemiological investigations have found a positive
relationship between H. pylori and pancreatic cancer.
Pancreatic cancers are mostly associated with gastric ulcers.
Studies show that the patients with seropositive H. pylori,
responsible for gastric ulcers which along with low acid levels
and elevated levels of individual nitrosamines, allow the
colonization of other bacteria, thereby increasing the risks of
pancreatic cancer (i.e., 38%).1%

CONCLUSION

The impact of oral microbiome on the health of the
gastrointestinal system is way beyond our thought process.
Although the digestive tract hosts a much greater bacterial
density than the oral cavity, the microbes in the latter
outnumber the former leading to dysbiosis. Apart from
P gingivalis and A. actinomycetemcomitans, there are a
large variety of oral species which can collaborate with the
intestinal microbiota through swallowing, regardless of the
periodontal status, but only a subset of these microbes seems
to colonize the gut especially when the microbiota becomes
dysbiotic.”™ These microbes synthesize growth and virulence
factors to eradicate the beneficial bacteria in the gut. However,
the mechanisms through which they are synthesized both in
the oral cavity and the gut remain the same. This inevitably
shudders the stability of the commensal microbiota and
supports the superiority of orally derived opportunistic
pathogens leading to intestinal dysbiosis.*”” Whether this
colonization requires only a dysbiotic medium of oral
microbiota or an already driven intestinal dysbiosis is not
clear, thereby giving a way to further research. However, there
are chances for severe diseases and genetic susceptibility of the
host to promote ectopic colonization of oral bacteria.*® When
the central target is to treat the oral microbes, oral health
can be improved by altering the oral microbiota through
a good oral hygiene, periodontal therapy, prebiotics, and
probiotics. A report from Takeuchi et al. says xylitol chewing
gum has the ability to reduce the load of bacteria in the oral
cavity and enhances the oral microecology homeostasis.!*"!
Further studies on the orally driven intestinal dysbiosis®!
resulting in other systemic inflammatory diseases, colorectal
carcinogenesis;® changes in the liver®” will give a better
understanding of the effects of oral microbiome on gut health.
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