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The oral cavity and gut are the two largest microbial ecosystems. The oral-to-gut and gut-to-oral microbial

transmission can regulate pathogenesis, indicating the presence of the oral-gut microbiome axis.
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| 1. Introduction

Gut and oral microbiomes are the two largest microbial ecosystems in the human body . Based on the human
microbiome project (HMP), among the 15 different body habitats, oral and fecal microbiomes are ecologically rich
and taxonomically diverse 2. It is noteworthy that the oral cavity and gut are linked physically as well as
chemically. However, most of the research on the oral and gut microbiomes has been conducted separately in an
organ-specific manner, rather than in an integrative context. The latest studies have proven the involvement of
microbiome in the interorgan networks, such as the gut-brain and gut-lung axes B4, |n this regard, the intestinal
colonization of oral microbiota and fecal—oral transmission have been reported to frequently occur and modulate

pathophysiological processes in the human body BI8I7,

| 2. Oral and Gut Microbiomes: Connection and Segregation
2.1. Oral Cavity and Gut: Connected through GI Tract

The human digestive system consists of the Gl tract and the accessory digestive organs, including liver and
pancreas. The Gl tract is well-lined by the mucous membrane, beginning at the mouth and ending at the gut—more
precisely, the anus. Thus, the oral cavity and gut are anatomically continuous regions connected through the Gl

tract

2.2. Oral Microbiome Composition

According to the human oral microbiome database (HOMD), the oral cavity presents approximately 700 species of

microorganisms (from the HOMD website; www.homd.org; accessed on 20 January 2021).

2.3. Gut Microbiome Composition

The gut is the largest and the most well-characterized microbial ecosystem in the human body, which harbors

about 500 to 1000 species in more than 50 different phyla [&l. The gut microbiota, mostly anaerobes, is composed
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of five major phyla—Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria, and Verrucomicrobia—but
dominated by two phyla—Bacteroidetes and Firmicutes, which account for more than 90% & At the genus level,
Bacteroides is the most abundant 29, The human gut microbiota is known to be established early in life and can
then be changed by age and environments, such as diet and nutrition, similar to the human oral microbiome 1121,

Thus, both oral and gut microbiomes directly reflect the health status of the host.

2.4. Physiological Functions of Gut Microbiome

It is evident that the gut microbiota plays a crucial role in maintaining physiological homeostasis, primarily

metabolism and immunity.

2.5. Physiological Functions of Oral Microbiome

Although the oral cavity is the second largest microbial habitat in the human body, the cumulative knowledge is not
sufficient to fully understand the implications of oral microbiome in the human health. It is unquestionable that the
oral microbiome is directly associated with dental health 234 The oral microbiome can affect systemic health

conditions, not limited to the dental health (see Figure 1) (13161,
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Figure 1. Local and systemic effects of oral microbiome. The oral dyshiosis can regulate the pathological
processes in the oral cavity, such as dental caries, periodontitis, and OSCC. The altered oral microbiota profiles
can further modulate systemic diseases, including Alzheimer’'s disease, diabetes, and cardiovascular disease,

beyond the local impacts.

Oral dysbiosis can induce production of PAMP signals, such as lipopolysaccharide (LPS), resulting in systemic
stimulation of innate immune responses and inflammatory transcription factors, including nuclear factor kB 1718l
These systemic inflammation and immune responses are thought to be one of the primary mechanisms,
underlining that the oral microbiome regulates pathogenesis in distal organs. Notably, oral microbiota can

translocate to the other organs, which is considered as another mechanism of oral dysbiosis-induced systemic
disease 191201

3. Interconnection between Oral and Gut Microbiomes: Oral-
Gut Microbiome Axis
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3.1. Oral-to-Gut Microbial Translocation

The oral and gut microbiomes are well-segregated due to the presence of the oral-gut barrier, physical distance as
well as chemical hurdles, such as gastric acid and bile [21[22123] However, the impairment of the oral-gut barrier
can allow interorgan translocation and communication. Oral microbes can overcome the physical and/or chemical

barriers between the oral cavity and gut under certain circumstances and potentially translocate into the gut.

3.2. Fecal-to-Oral Microbial Translocation

Enteric microorganisms can be transmitted by fecal-oral routes through direct contact or indirect exposure via
contaminated fluids and foods 24, The human hand microbiota profile was highly overlapped with oral and gut

microbiome patterns, suggesting that the human hand is a carrier for fecal-to-oral microbial transmission .

In addition to intrapersonal transmission, the fecal—oral route is considered as an important mechanism for human-
to-human transmission of pathogens as well. The oral and gut microbiomes are closely connected through both

oral-to-gut and fecal-to-oral routes (see Figure 2).
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Figure 2. Oral-gut microbiome axis. The oral microbiota can translocate to the gut in conditions of the oral-gut
barrier disruption. Likewise, the gut microbes transmit to the oral cavity in both intra- and interpersonal manners,

particularly related to poor hygienic conditions. This bidirectional interaction between oral and gut microbiomes
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develops the microbial ecosystems in both habitats through either competition or cooperation, eventually regulating

the pathophysiological processes in the gastrointestinal (Gl) tract.

4. Oral-Gut Microbiome Axis in Human GI Diseases and
Cancers

The oral pathogen(s) can interfere with intestinal barrier function and invade the gut mucosa, which induces the
intestinal dysbiosis and chronic inflammation, consequently leading to IBD pathogenesis. Notably, IBD patients as
well as colitis-induced mice displayed alterations in their salivary microbiota compositions, which were associated

with inflammatory responses, indicating that the oral—-gut microbial interactions could be bidirectional 2226],

Colorectal cancer (CRC) is one of the most common cancer types and the second leading cause of cancer
mortality worldwide 2. IBD is the most well-established risk factor for development and progression of CRC [28],

Thus, IBD and CRC share etiological factors in pathogenesis, including distinct changes in the gut microbiome 22
1301,

Oral dysbiosis potentially aggravates chronic liver diseases via shifts in the gut microbiome.

In a gnotobiotic mouse model, certain types of intestinal bacteria, such as Escherichia coli and Streptococcus
faecalis, can significantly increase liver tumorigenesis, indicating the direct involvement of the gut microbiota in
HCC pathogenesis (211,

| 5. Conclusions

It has been well-appreciated that the gut and oral dysbioses are associated with numerous diseases [32I[33]115][16]
To date, most of the research on microbiome-associated diseases have been conducted with respect to a single
organ-specific microbiome, with less concern for an interorgan microbial communication. The oral cavity and gut
are the two largest microbial habitats in the human body . Cumulative evidence supports that the oral microbiota
can change the overall gut microbial ecosystem through direct translocation and/or rather indirectly, by secretomes
of oral bacteria [BIB433]  Gut-to-oral microbial transmission can occur as well, particularly under certain
circumstances, such as poor hygienic and immunocompromised conditions E8IBY. Collectively, the bidirectional
crosstalk between oral and gut microbiomes can develop the oral-gut microbiome axis, which plays a crucial role

in regulating pathogenesis of various human diseases, primarily in the Gl system.
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