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EDITORIAL

Gut microbiomes and their metabolites shape human and animal health

The host genetic background, complex surrounding environ-
ments, and gut microbiome are very closely linked to human 
and animal health and disease. Although significant corre-
lations between gut microbiota and human and animal health 
have been revealed, the specific roles of each gut bacterium 
in shaping human and animal health and disease remain 
unclear. However, recent omics-based studies using experi-
mental animals and surveys of gut microbiota from unhealthy 
humans have provided insights into the relationships among 
microbial community, their metabolites, and human and ani-
mal health. This editorial introduces six review papers that 
provide new discoveries of disease-associated microbiomes 
and suggest possible microbiome-based therapeutic appro-
aches to human disease.
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The human gut microbiome comprises all the genetic mate-
rial within a microbiota, including bacteria, archaea, viruses, 
and fungi in the human intestines. Dietary history, environ-
mental conditions, and the host genetic background are all 
connected to the microbial compositions of human and ani-
mal guts, which determine the digestion process, immune re-
sponses, and allergic reactions. Species-level correlations with 
human ischemic stroke and phylum-level correlation with 
hypertension have been suggested; however, no clear me-
chanism to elucidate these relationships has been provided 
(Yamashiro et al., 2017). Although many studies have revealed 
interesting correlations between microbial community shifts 
and the health or disease of experimental animals, specific 
disease-related microbial community signatures and actual 
causality have not been clearly established. Microbial meta-
bolites in the intestine, especially simple organic acids like 
acetate, propionate, and butyrate, appear to be associated with 
the increase and/or decrease of a specific group of bacterial 
genera. Reduction of the butyrate-producing genus Roseburia 

might be linked to atherosclerosis (Tang et al., 2017). In this 
special issue, Sittipo et al. (2018) review how changes of the 
intestinal microbiota and immune system affect metabolic 
diseases, such as obesity and diabetes. Five bacterial phyla 
have been reported to be dominant in the human intestinal 
microbiota: Firmicutes, Bacteroidetes, Actinobacteria, Proteo-
bacteria, and Verrucomicrobia. Bacteroidetes and Firmicutes 
phyla occupy 70–90% of the total healthy human gut micro-
biota. With regard to obesity and type 2 diabetes (T2D), the 
build-up of members of the phylum Firmicutes, such as Ru-
minococcus, Clostridium, and Lactobacillus, and decrease in 
the numbers of the phylum Bacteroidetes, including Bacte-
roides, Prevotella, and Xylanibacter, are welldocumented (Ley 
et al., 2006; Turnbaugh et al., 2006). Obesity-associated gut 
Firmicutes presumably have more capacity to harvest energy 
from the diet, which leads to an increase of total body fat 
(Turnbaugh et al., 2006). Damaging intestinal epithelial bar-
riers increases bacterial lipopolysaccharide infiltration. This 
bacterial disruption of the intestinal epithelial barrier is con-
sidered a possible mechanism to explain how high fat diet 
(HFD) induced microbial dysbiosis activates the immune 
response and insulin resistance (Ding et al., 2010). Distinct 
subsets of innate lymphoid cells (ILCs) are tightly linked to 
different types of metabolic diseases, such as obesity, insulin 
resistance, and T2D. Group 2 ILCs (ILC2s) control obesity 
by promoting metabolically active brown adipocytes. Deple-
tion of ILC2s in HFD-fed mice and in obese mice has been 
observed (Klose and Artis, 2016). The gut microbiome in-
fluences the development and sustenance of ILCs subsets. 
Microbial dysbiosis produces different microbial metabolites 
and damages intestinal barrier integrity, which changes the 
production of adipose tissue macrophages (ATM), neutro-
phils, CD8+ cells, and T helper type 2 (Th2) cells. Modula-
tion of these immune components results in obesity, inflam-
mation, and insulin resistance.
  Park and Eberl (2018) highlight cellular and molecular me-
chanisms of microbiota-specific regulatory T cells (Tregs) 
and Th17 cells, which are linked to antimicrobial type 3 im-
munity. Type 3 immunity is essential to protect the body 
against extracellular bacteria and fungi. By contrast, other 
cell-mediated effector immunities, Type 1 and 2, are re-
sponsible for autoimmune diseases and allergic responses, 
respectively (van de Pavert et al., 2014). Type 3 immunity 
is mediated by retinoic acid-related orphan receptor γt+ 
(RORγt+)-controlled ILC3s and Th17 cells, which are asso-
ciated with the production of mononuclear phagocytes, the 
recruitment of neutrophils, and the induction of epithelial 
antimicrobial responses. The gut microbiota produces short- 
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chain fatty acids (SCFAs), including acetate, propionate, 
and butyrate, by fermenting dietary fiber, which triggers 
the expression of RALDH1 (a cell specific retinaldehyde de-
hydrogenase). Clostridium and Bacteroides species are the 
major producers of SCFAs in the intestine. The RALDHs 
generate retinoic acid (RA) by hydrolyzing retinaldehyde, a 
metabolite of host-produced vitamin A. RA is a signaling 
molecule that promotes the generation of RORγt+-express-
ing Tregs over Th17 cells production (Arpaia et al., 2013). 
The balance between Tregs and Th17 cells regulated by RA 
is important for type 3 immunity. Other reports also sug-
gested that tryptophan metabolites produced by Lactobacillus 
species modulate the activation of Th17 cells and group 3 
ILCs (ILC3s) in the small intestine. Interestingly, IL-1β and 
IL-23, produced by dendritic cells (DCs) and macrophages, 
induce the generation of Th17 cells and ILC3s that are also 
under the control of RORγt+. The dynamic cross-regulation 
of type 1, 2, and 3 responses and immune homeostasis, mean 
that further research is necessary to understand the interac-
tion between immune responses and gut microbiota. How-
ever, it has been clearly shown that gut microbiota-induced 
type 3 immunity regulates type 2 responses, thus allergic 
inflammation at mucosal surfaces could be prevented.
  There is an emerging understanding of the crosstalk be-
tween the gut environment and brain activity by gut micro-
bial metabolites, such as gamma-aminobutyric acid (GABA), 
serotonin, and histamine; thus, alteration in gut microbial 
activity affects animal brain function and behavior (Bravo 
et al., 2011, 2012). In this special issue, Kim et al. (2018) sum-
marize the current status of these gut microbiota-brain in-
teractions. Many studies have reported strong correlations 
between a variety of neurological diseases (e.g., multiple scle-
rosis, autism spectrum disorder (ASD), and Alzheimer’s 
disease (AD)) and gut microbial composition changes and 
revealed an imbalance of the Bacteroidetes and Firmicutes 
ratio in neurological diseases. The actual mechanisms that 
explain these relationships are not fully developed; however, 
it has become obvious that gut microbiota can stimulate im-
mune systems and microbially produced neuroactive com-
pounds can affect brain function through the enteric nerve 
system (ENS). The ENS interacts with the autonomic ner-
vous system (ANS) and the central nervous system (CNS) 
via neurotransmitters (adrenaline, noradrenaline, and ace-
tylcholine), and many neurological diseases are accompanied 
by gut symptoms (e.g., constipation, diarrhea, and abdominal 
pain); thus, the gut environment appears to be connected 
to all nervous systems (Grenham et al., 2011). Many well- 
known gut bacteria produce neuroactive compounds; e.g., 
Lactobacillus and Bifidobacterium produce GABA; Escheri-
chia, Bacillus, and Saccharomyces species produce norepin-
ephrine; and Lactococcus, Lactobacillus, and Serratia pro-
duce dopamine. SCFAs interact directly or indirectly with 
the nervous system. Nervous system-controlled gut func-
tions, such as gastrointestinal mobility, secretion of mucus, 
and epithelial permeability can also change the gut environ-
ment, which affect the composition of the gut microbial com-
munity. Patients with ASD have reductions in Bacteroides 
and increased levels of Firmicutes and Clostridium species. 
Interestingly, a recent study suggested that alterations in gut 
microbiota might contribute to amyloid deposition in AD 

mouse models (Harach et al., 2017). Further information 
must be accumulated to clarify the mechanisms of this brain- 
gut axis communication.
  Replacing the microbial community in the patient gut with 
a microbiota from a healthy adult might be a future direc-
tion to treat some infectious diseases and neural disorders 
(Aron-Wisnewsky and Clement, 2016). Cho and Chinnapen 
(2018), in this issue, bring our attention to new therapeutic 
approaches using fecal microbial transplantation (FMT). 
Current knowledge concerning the gut microbiota and hu-
man health is insufficient; therefore, many clinicians over-
look the role of the gut microbiota and overuse antibiotics, 
which leads to a reduction in the microbial diversity of the 
human gut (Lopez et al., 2014). Clostridium difficile colonizes 
the large intestine and causes a number of illnesses, includ-
ing diarrhea, colitis, and sepsis. Clostridium difficile infection 
(CDI) most commonly affects people who have recently been 
treated with antibiotics. While continued antibiotic therapy 
was the treatment choice for CDI, frequently, it could not 
achieve a 100% cure of CDI. However, FMT treatment by re-
storing gut microbiota has been used to treat CDI success-
fully. FMT trials to treat inflammatory bowel disease (IBD) 
have been also reported. However, long-term monitoring of 
CDI and IBD using FMT are required to establish these FMT 
therapies, because host genetic differences might reduce the 
efficacy of FMT treatment. In the future, engineering tar-
geted microbiomes and personalized FMT could be devel-
oped to treat many gut-associated diseases, after determin-
ing “who is doing what” in the gut microbiota. IBD resulting 
from genetic susceptibility, infection, western dietary habits, 
and administration of antibiotics could be treated using 
“microbiota therapies.” In this special issue, Eom et al. (2018) 
introduce these new microbiota therapies to remedy gut dys-
biosis, which are more effective and safer than conventional 
chemotherapies using medications such as corticosteroids, 
5-aminosalicylates, and antibiotics. Although the pathogenesis 
of IBD is not completely understood, abnormal immune re-
sponses by decreasing Tregs and intestinal microbial shifts 
that reduce “healthy” gut microbiota could be associated with 
IBD. Eliminating butyrate-producing, mucindegrading com-
mensal bacteria using antibiotics increased the numbers of 
antibiotic-resistant proinflammatory pathogenic bacteria, 
such as Salmonella enterica serotype Typhimurium and Clos-
tridium difficile (Ng et al., 2013).
  In this special issue, Dr. Suen’s group focus on the Rumi-
nococcus genus, which is commonly found in the rumen of 
animals, but is also present in non-ruminant animals, inclu-
ding humans (La Reau and Suen, 2018). In herbivorous ru-
minants, the gut microbiota including Ruminococcus genus 
is very important to degrade dietary cellulosic biomass into 
nutritive short-chain fatty acids. Ruminococcus species are 
essential for the survival of such rumen animals. Little is 
known about roles of non-cellulolytic Ruminococcus species 
in the degradation several di- and tri-saccharides present in 
all vegetables, fruit, and whole grains. Ruminococcus species 
are consistently present in the healthy human gut; therefore, 
possible roles in maintaining a healthy human gut environ-
ment are suggested. Large-scale genomic analysis for the 
taxonomic classification of Ruminococcus species led to the 
bacterial genus called “Blautia,” formerly assigned to Rumi-
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nococcus genus, being reclassified (La Reau et al., 2016). This 
Blautia species occupies up to 16% of the microbiota of the 
human gastrointestinal tract and a significant reduction of 
Blautia species was observed in the elderly or patients with 
colorectal cancer. The most recent isolate from the human 
colon, Ruminococcus bicirculans, is non-cellulolytic, but can 
utilize specific hemicelluloses, such as barley beta-glucan, 
(1,4)-beta-D-mannan, and xyloglucan. R. bicirculans can 
produce acetate, ethanol, and formate by fermenting glu-
cose, cellobiose, and soluble starch (Wegmann et al., 2013). 
Human and animal gut environments harbor many minor 
groups whose roles in the gut environment are often neglected. 
Metabolic commensalisms, quorum sensing and quenching, 
syntrophic relationships, and production of known signaling 
molecules might occur among these minor groups and the 
dominant groups in the gut community. Further research 
on these issues is required to gain a complete picture of mi-
crobial functions in human and animal gut ecosystems.

Acknowledgements

This work was supported by a grant (NRF-2017R1A2B4005838 
to WP) from the National Research Foundation of Korea 
(NRF).

References

Arpaia, N., Campbell, C., Fan, X., Dikiy, S., van der Veeken, J., de- 
Roos, P., Liu, H., Cross, J.R., Pfeffer, K., Coffer, P.J., et al. 2013. 
Metabolites produced by commensal bacteria promote peripheral 
regulatory T-cell generation. Nature 504, 451–455.

Aron-Wisnewsky, J. and Clement, K. 2016. The gut microbiome, 
diet, and links to cardiometabolic and chronic disorders. Nat. 
Rev. Nephrol. 12, 169–181.

Bravo, J.A., Forsythe, P., Chew, M.V., Escaravage, E., Savignac, H.M., 
Dinan, T.G., Bienenstock, J., and Cryan, J.F. 2011. Ingestion of 
Lactobacillus strain regulates emotional behavior and central 
GABA receptor expression in a mouse via the vagus nerve. Proc. 
Natl. Acad. Sci. USA 108, 16050–16055.

Bravo, J.A., Julio-Pieper, M., Forsythe, P., Kunze, W., Dinan, T.G., 
Bienenstock, J., and Cryan, J.F. 2012. Communication between 
gastrointestinal bacteria and the nervous system. Curr. Opin. 
Pharmacol. 12, 667–672.

Cho, J.A. and Chinnapen. D.J.F. 2018. Targeting friend and foe: 
Emerging therapeutics in the age of gut microbiome and disease. 
J. Microbiol. 56, 183–188.

Ding, S., Chi, M.M., Scull, B.P., Rigby, R., Schwerbrock, N.M., Mag-
ness, S., Jobin, C., and Lund, P.K. 2010. High-fat diet: bacteria 
interactions promote intestinal inflammation which precedes 
and correlates with obesity and insulin resistance in mouse. 
PLoS One 5, e12191.

Eom, T., Kim, Y.S., Choi, C.H., Sadowsky, M.J., and Unno, T. 2018. 
Current understanding of microbiota- and dietary-therapies for 

treating inflammatory bowel disease. J. Microbiol. 56, 189–198.
Grenham, S., Clarke, G., Cryan, J.F., and Dinan, T.G. 2011. Brain-gut 

microbe communication in health and disease. Front. Physiol. 
2, 94.

Harach, T., Marungruang, N., Duthilleul, N., Cheatham, V., McCoy, 
K.D., Frisoni, G., Neher, J.J., Fak, F., Jucker, M., Lasser, T., et al. 
2017. Reduction of Aβ amyloid pathology in APPPS1 transgenic 
mice in the absence of gut microbiota. Sci. Rep. 7, 41802.

Kim, N., Yun, M., Oh, Y.J., and Choi, H.J. 2018. Mind-altering 
with the gut: Modulation of the gut-brain axis with probiotics. 
J. Microbiol. 56, 172–182.

Klose, C.S.N. and Artis, D. 2016. Innate lymphoid cells as regu-
lators of immunity, inflammation and tissue homeostasis. Nat. 
Immunol. 17, 765–774.

La Reau, A.J., Meier-Kolthoff, J.P., and Suen, G. 2016. Sequence- 
based analysis of the genus Ruminococcus resolves its phylogeny 
and reveals strong host association. Microb. Genomics 2, e000099.

La Reau, A.J. and Suen, G. 2018. The Ruminococci: key symbionts 
of the gut ecosystem. J. Microbiol. 56, 199–208.

Ley, R.E., Turnbaugh, P.J., Klein, S., and Gordon, J.I. 2006. Microbial 
ecology: Human gut microbes associated with obesity. Nature 
444, 1022–1023.

Lopez, C.A., Kingsbury, D.D., Velazquez, E.M., and Baumler, A.J. 
2014. Collateral damage: microbiota-derived metabolites and 
immune function in the antibiotic era. Cell Host Microbe 16, 
156–163.

Ng, K.M., Ferreyra, J.A., Higginbottom, S.K., Lynch, J.B., Kashyap, 
P.C., Gopinath, S., Naidu, N., Choudhury, B., Weimer, B.C., 
Monack, D.M., et al. 2013. Microbiota liberated host sugars fa-
cilitate post-antibiotic expansion of enteric pathogens. Nature 
502, 96–99.

Park, J. and Eberl, G. 2018. Type 3 regulatory T cells at the interface 
of symbiosis. J. Microbiol. 56, 163–171.

Sittipo, P., Lobionda, S., Lee, Y.K., and Maynard, C.L. 2018. Intes-
tinal microbiota and the immune system in metabolic diseases. 
J. Microbiol. 56, 154–162.

Tang, W.H., Kitai, T., and Hazen, S.L. 2017. Gut microbiota in car-
diovascular health and disease. Circ. Res. 120, 1183–1196.

Turnbaugh, P.J., Ley, R.E., Mahowald, M.A., Magrini, V., Mardis, 
E.R., Gordon, J.I. 2006. An obesity-associated gut microbiome 
with increased capacity for energy harvest. Nature 444, 1027–1031.

van de Pavert, S.A., Ferreira, M., Domingues, R.G., Ribeiro, H., Mol-
enaar, R., Moreira-Santos, L., Almeida, F.F., Ibiza, S., Barbosa, I., 
Goverse, G., et al. 2014. Maternal retinoids control type 3 innate 
lymphoid cells and set the offspring immunity. Nature 508, 123– 
127.

Wegmann, U., Louis, P., Goesmann, A., Henrissat, B., Duncan, S.H., 
and Flint, H.J. 2013. Complete genome of a new Firmicutes spe-
cies belonging to the dominant human colonic microbiota (‘Ru-
minococcus bicirculans’) reveals two chromosomes and a selective 
capacity to utilize plant glucans. Environ. Microbiol. 16, 2879– 
2890.

Yamashiro, K., Tanaka, R., Urabe, T., Ueno, Y., Yamashiro, Y., No-
moto, K., Takahashi, T., Tsuji, H., Asahara, T., and Hattori, N. 
2017. Gut dysbiosis is associated with metabolism and systemic 
inflammation in patients with ischemic stroke. PLoS One 12, 
e0171521.


