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GASTROINTESTINAL SCIENCES

There have been dramatic advances in gastrointestinal sciences over the past 10 years since
the inauguration of the Frontiers in Gastrointestinal Sciences. In 2010, I suggested that the
field would rapidly embrace the findings about the role of the gut microbiome in physiologic
homeostasis as well as disorders of homeostasis; and that there would be a significant advance in our
understanding of gut sensors and their connection to neurohumoral pathways mediating systemic
responses (Pandol, 2010). Importantly, dietary nutrients and metabolic products of the dietary
nutrients could play an important role in regulating systemic responses through the gut sensors.
Frontiers has contributed importantly and broadly to advances in these areas and has provided a
multidisciplinary platform for integrating the sciences involved. The specifics of cellular physiology
and pathways are critical components to our mechanistic understanding of physiology at multiple
organs and tissues, the functions of the gastrointestinal tract and its effects on systemic physiology
are known to be regulated by what is going on in the gut lumen from dietary constituents ingested,
the effects of ingested nutrients on the gut microbiome and the multiple pathways stimulated at the
gut wall that have profound and widespread effects on the entire body. Thus, what happens in the
lumen of the gastrointestinal tract can have broad effects in homeostasis and disease.

Regarding the gut microbiome, I thought that interdisciplinary scientific approaches would
start to reveal the interplays between diet, the gut microbiome epithelial function and immune
functions, and systemic metabolism. Disorders of one or more participants in this interplay would
likely underlie some of the most common and devastating medical problems of our time including
the metabolic syndrome (obesity, diabetes mellitus, hypertension and liver, and vascular diseases),
inflammatory gastrointestinal diseases and predisposition to several cancers. This call was followed
by an inspirational review Frontiers published by Grenham et al. (2011) providing observations of
the role of the gut microbiome in intestinal function including proliferation and differentiation of
the epithelium and the development of the immune system and activation of neural pathways.
Grenham et al. (2011) also outlined hypotheses about the role of the gut microbiome and the
central nervous system (CNS) indicating that CNS stress may cause gut disorders of such as irritable
bowel syndrome through effects on the gut microbiome; and that disorders in the gut microbiome
could have effects on the CNS. Another highly cited review by Greer and O’Keefe (2011) reviewed
evidence suggesting that the westernized diet, the overuse of antibiotics and decreased breast
feeding through alterations in the gut microbiota promotes the inflammatory potential in the bowel
creating increased risk for inflammatory diseases and cancer of the bowel in those with a genetic
predisposition. The review further points out the increased risk of these disease is associated with
the suppression of microbial fermentation and production of butyrate which is anti-inflammatory
and anti-proliferative (Greer and O’Keefe, 2011).

More recently, Bliss and Whiteside (2018) provided a framework for understand the
complex relationship between the Western diet, the gut microbiome, lumenal sensors on gut
enteroendocrine cells axis via local, paracrine and/or endocrine mechanisms involving a variety
of gut-derived peptides produced from enteroendocrine cells. The sensors on the strategically
located gut enteroendocrine cells interacting withmeal nutrients andmicrobial metabolites activate
intracellular signaling systems to release hormones including cholecystokinin (CCK), glucagon-like
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peptide 1 (GLP-1), and peptide YY (PYY). We know that
these hormones have regulator effects on a large number
gastrointestinal organs as well as the CNS. Some of these
effects include slowing of gastric emptying, secretion of biliary
and pancreatic enzymes, promotion of insulin secretion and
inhibition of feeding. Not only do CCK, GLP-1, and PYY
have hormonal effects but they have paracrine effects on
neural sensory pathways carrying information in the enteric
nervous system to the CNS and then to motor pathways having
further regulatory effects. Finally, recent findings show that
the enteroendocrine cells have neural properties and directly
synapse with the neurons of the enteric nervous system (Liddle,
2019). In combination, these findings indicate that nutrients,
and microbial metabolic products not only have local effects
on epithelial function but have widespread effects systemically
through the immune system, hormone secretion and neural
pathways that connect to the CNS.

Since these inaugural articles there has an avalanche of
scientific papers on the gut microbiome in the literature. A
PubMed search shows that in 2010 there were < 100 papers
with the topic of gut microbiome while in 2020 the number
was just under 7,000- a near 700 times increase. Frontiers
in Gastrointestinal Sciences has played a significant role in
publishing important papers in the emerging field. These include
papers on the role of the gut microbiome in both alcoholic (Su
et al., 2016; Yue et al., 2020; Zheng et al., 2020) and non-alcoholic
(Bian et al., 2017; Porras et al., 2018; Zheng et al., 2018) liver
disease; the role of sulfur metabolism by the microbiome on gut
sensory signaling, colonic inflammation and cancer; (Carbonero
et al., 2012; Bala et al., 2014; Guo et al., 2016; Burgueño et al.,
2019; Fei et al., 2019; Song et al., 2019; Ren et al., 2020) glucose
homeostasis and type 2 diabetes; (Lê et al., 2012; Su et al., 2016)
tuberculosis (Luo et al., 2017) mood and behavior and Gulf war
illness; (Grenham et al., 2011; Kimono et al., 2019) pulmonary

tuberculosis; (Luo et al., 2017) and autoimmune pancreatitis
(Haruta et al., 2012). Other papers provided information on the
effects of xenobiotics, probiotics, vitamins, and medication affect
the gut microbiome and physiology (Yang et al., 2015; Su et al.,
2016; Atashgahi et al., 2018; Li et al., 2018; Zheng et al., 2018;
Chang et al., 2019; Fei et al., 2019; Guan et al., 2019; Song et al.,
2019; Xu et al., 2019; Zhu et al., 2020) while some addressed the
interplay between endogenous processes and the gut microbiome
including bile acids and cholesterol metabolism, adrenergic input
and gut epithelial responses (Yang et al., 2017; Burgueño et al.,
2019; Molinero et al., 2019).

This discussion is not meant to suggest that important
observations in gastrointestinal sciences outside of the
microbiome are not highly considered by Frontiers. On the
contrary, the discussion is meant to suggest that the expansion
of the field will occur with greater mechanistic understanding
of impact of the microenvironment of the gut organs including
dietary constituents, xenobiotics and metabolic products of
the microbiome have on the secretory, absorptive, elimination,
motility, endocrine, neural and immune functions of the
gastrointestinal system. As the field progresses greater use of co-
culture of in vitro and ex vivo models including organ on a chip
technology with microorganisms; (Pearce et al., 2018) and use
of germ-free animal models (Kennedy et al., 2018) to selectively
introduce a microbiome under investigation will be encouraged.
This article is meant to encourage continued multidisciplinary
approaches to further the progress in gastrointestinal sciences
so that new understanding can be translated to benefit
human health.

AUTHOR CONTRIBUTIONS

The author confirms being the sole contributor of this work and
has approved it for publication.

REFERENCES

Atashgahi, S., Shetty, S. A., Smidt, H., and de Vos, W. M. (2018). Flux, impact,

and fate of halogenated xenobiotic compounds in the gut. Front. Physiol. 9:888.

doi: 10.3389/fphys.2018.00888

Bala, V., Rajagopal, S., Kumar, D. P., Nalli, A. D., Mahavadi, S., Sanyal, A.

J., et al. (2014). Release of GLP-1 and PYY in response to the activation

of G protein-coupled bile acid receptor TGR5 is mediated by Epac/PLC-

ε pathway and modulated by endogenous H2S. Front. Physiol. 5:420.

doi: 10.3389/fphys.2014.00420

Bian, X., Chi, L., Gao, B., Tu, P., Ru, H., and Lu, K. (2017). Gut microbiome

response to sucralose and its potential role in inducing liver inflammation in

mice. Front. Physiol. 8:487. doi: 10.3389/fphys.2017.00487

Bliss, E. S., andWhiteside, E. (2018). The gut-brain axis, the human gut microbiota

and their integration in the development of obesity. Front. Physiol. 9:900.

doi: 10.3389/fphys.2018.00900

Burgueño, J. F., Fritsch, J., Santander, A. M., Brito, N., Fernández, I., Pignac-

Kobinger, J., et al. (2019). Intestinal epithelial cells respond to chronic

inflammation and dysbiosis by synthesizing H. Front. Physiol. 10:1484.

doi: 10.3389/fphys.2019.01484

Carbonero, F., Benefiel, A. C., Alizadeh-Ghamsari, A. H., and Gaskins, H. R.

(2012). Microbial pathways in colonic sulfur metabolism and links with health

and disease. Front. Physiol. 3:448. doi: 10.3389/fphys.2012.00448

Chang, G., Ma, N., Zhang, H., Wang, Y., Huang, J., Liu, J., et al. (2019). Sodium

butyrate modulates mucosal inflammation injury mediated by GPR41/43 in

the cecum of goats fed a high concentration diet. Front. Physiol. 10:1130.

doi: 10.3389/fphys.2019.01130

Fei, Y., Wang, Y., Pang, Y., Wang, W., Zhu, D., Xie, M., et al. (2019).

Xylooligosaccharide modulates gut microbiota and alleviates colonic

inflammation caused by high fat diet induced obesity. Front. Physiol.

10:1601. doi: 10.3389/fphys.2019.01601

Greer, J. B., and O’Keefe, S. J. (2011). Microbial induction of immunity,

inflammation, and cancer. Front. Physiol. 1:168. doi: 10.3389/fphys.2010.00168

Grenham, S., Clarke, G., Cryan, J. F., and Dinan, T. G. (2011). Brain-

gut-microbe communication in health and disease. Front. Physiol. 2:94.

doi: 10.3389/fphys.2011.00094

Guan, G., Azad, M. A. K., Lin, Y., Kim, S. W., Tian, Y., Liu, G., et al. (2019).

Biological effects and applications of chitosan and chito-oligosaccharides.

Front. Physiol. 10:516. doi: 10.3389/fphys.2019.00516

Guo, F. F., Yu, T. C., Hong, J., and Fang, J. Y. (2016). Emerging roles of hydrogen

sulfide in inflammatory and neoplastic colonic diseases. Front. Physiol. 7:156.

doi: 10.3389/fphys.2016.00156

Haruta, I., Shimizu, K., Yanagisawa, N., Shiratori, K., and Yagi, J. (2012).

Commensal flora, is it an unwelcomed companion as a triggering factor

of autoimmune pancreatitis? Front. Physiol. 3:77. doi: 10.3389/fphys.2012.

00077

Frontiers in Physiology | www.frontiersin.org 2 April 2021 | Volume 12 | Article 674951

https://doi.org/10.3389/fphys.2018.00888
https://doi.org/10.3389/fphys.2014.00420
https://doi.org/10.3389/fphys.2017.00487
https://doi.org/10.3389/fphys.2018.00900
https://doi.org/10.3389/fphys.2019.01484
https://doi.org/10.3389/fphys.2012.00448
https://doi.org/10.3389/fphys.2019.01130
https://doi.org/10.3389/fphys.2019.01601
https://doi.org/10.3389/fphys.2010.00168
https://doi.org/10.3389/fphys.2011.00094
https://doi.org/10.3389/fphys.2019.00516
https://doi.org/10.3389/fphys.2016.00156
https://doi.org/10.3389/fphys.2012.00077
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


Pandol The Future of Gastrointestinal Physiology: 2020 and Beyond

Kennedy, E. A., King, K. Y., and Baldridge, M. T. (2018). Mouse microbiota

models: comparing germ-free mice and antibiotics treatment as tools for

modifying gut bacteria. Front. Physiol. 9:1534. doi: 10.3389/fphys.2018.01534

Kimono, D., Sarkar, S., Albadrani, M., Seth, R., Bose, D., Mondal, A., et al. (2019).

Dysbiosis-associated enteric glial cell immune-activation and redox imbalance

modulate tight junction protein expression in gulf war illness pathology. Front.

Physiol. 10:1229. doi: 10.3389/fphys.2019.01229

Lê, K. A., Li, Y., Xu, X., Yang, W., Liu, T., Zhao, X., et al. (2012). Alterations in fecal

Lactobacillus and Bifidobacterium species in type 2 diabetic patients in Southern

China population. Front. Physiol. 3:496. doi: 10.3389/fphys.2012.00496

Li, C. L., Wang, J., Zhang, H. J., Wu, S. G., Hui, Q. R., Yang, C. B., et al. (2018).

Intestinal morphologic and microbiota responses to dietary. Front Physiol.

9:1968. doi: 10.3389/fphys.2018.01968

Liddle, R. A. (2019). Neuropods. Cell Mol. Gastroenterol. Hepatol. 7, 739–747.

doi: 10.1016/j.jcmgh.2019.01.006

Luo, M., Liu, Y., Wu, P., Luo, D. X., Sun, Q., Zheng, H., et al. (2017). Alternation of

gut microbiota in patients with pulmonary tuberculosis. Front. Physiol. 8:822.

doi: 10.3389/fphys.2017.00822

Molinero, N., Ruiz, L., Sánchez, B., Margolles, A., and Delgado, S. (2019). Intestinal

bacteria interplay with bile and cholesterol metabolism: implications on host

physiology. Front. Physiol. 10:185. doi: 10.3389/fphys.2019.00185

Pandol, S. J. (2010). Integrating the gastrointestinal sciences. Front. Physiol. 1:19.

doi: 10.3389/fphys.2010.00019

Pearce, S. C., Coia, H. G., Karl, J. P., Pantoja-Feliciano, I. G., Zachos,

N. C., and Racicot, K. (2018). Intestinal. Front. Physiol. 9:1584.

doi: 10.3389/fphys.2018.01584

Porras, D., Nistal, E., Martínez-Flórez, S., González-Gallego, J., García-Mediavilla,

M. V., and Sánchez-Campos, S. (2018). Intestinal microbiota modulation

in obesity-related non-alcoholic fatty liver disease. Front. Physiol. 9:1813.

doi: 10.3389/fphys.2018.01813

Ren, J., Yue, B., Wang, H., Zhang, B., Luo, X., Yu, Z., et al. (2020).

Acacetin ameliorates experimental colitis in mice via inhibiting macrophage

inflammatory response and regulating the composition of gut microbiota.

Front. Physiol. 11:577237. doi: 10.3389/fphys.2020.577237

Song, W., Li, Y., Zhang, X., and Wang, Z. (2019). Effects of. Front. Physiol. 10:763.

doi: 10.3389/fphys.2019.00763

Su, D., Nie, Y., Zhu, A., Chen, Z., Wu, P., Zhang, L., et al. (2016). Vitamin D

signaling through induction of paneth cell defensins maintains gut microbiota

and improves metabolic disorders and hepatic steatosis in animal models. Front

Physiol. 7:498. doi: 10.3389/fphys.2016.00498

Xu, Y., Tian, Y., Cao, Y., Li, J., Guo, H., Su, Y., et al. (2019). Probiotic properties of.

Front. Physiol. 10:937. doi: 10.3389/fphys.2019.00937

Yang, J., Summanen, P. H., Henning, S. M., Hsu, M., Lam, H., Huang, J.,

et al. (2015). Xylooligosaccharide supplementation alters gut bacteria in

both healthy and prediabetic adults: a pilot study. Front. Physiol. 6:216.

doi: 10.3389/fphys.2015.00216

Yang, T., Ahmari, N., Schmidt, J. T., Redler, T., Arocha, R., Pacholec, K.,

et al. (2017). Shifts in the gut microbiota composition due to depleted

bone marrow beta adrenergic signaling are associated with suppressed

inflammatory transcriptional networks in the mouse colon. Front. Physiol.

8:220. doi: 10.3389/fphys.2017.00220

Yue, R., Wei, X., Zhao, J., Zhou, Z., and Zhong, W. (2020). Essential role of IFN-

γ in regulating gut antimicrobial peptides and microbiota to protect against

alcohol-induced bacterial translocation and hepatic inflammation in mice.

Front. Physiol. 11:629141. doi: 10.3389/fphys.2020.629141

Zheng, H., You, Y., Hua, M., Wu, P., Liu, Y., Chen, Z., et al. (2018). Chlorophyllin

modulates gut microbiota and inhibits intestinal inflammation to ameliorate

hepatic fibrosis in mice. Front. Physiol. 9:1671. doi: 10.3389/fphys.2018.01671

Zheng, T. X., Pu, S. L., Tan, P., Du, Y. C., Qian, B. L., Chen, H., et al.

(2020). Liver metabolomics reveals the effect of. Front. Physiol. 11:595382.

doi: 10.3389/fphys.2020.595382

Zhu, C., Gong, H., Luo, P., Dong, L., Zhang, G., Shi, X., et al. (2020). Oral

administration of penicillin or streptomycin may alter serum serotonin level

and intestinal motility via different mechanisms. Front. Physiol. 11:605982.

doi: 10.3389/fphys.2020.605982

Conflict of Interest: The author declares that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Pandol. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Physiology | www.frontiersin.org 3 April 2021 | Volume 12 | Article 674951

https://doi.org/10.3389/fphys.2018.01534
https://doi.org/10.3389/fphys.2019.01229
https://doi.org/10.3389/fphys.2012.00496
https://doi.org/10.3389/fphys.2018.01968
https://doi.org/10.1016/j.jcmgh.2019.01.006
https://doi.org/10.3389/fphys.2017.00822
https://doi.org/10.3389/fphys.2019.00185
https://doi.org/10.3389/fphys.2010.00019
https://doi.org/10.3389/fphys.2018.01584
https://doi.org/10.3389/fphys.2018.01813
https://doi.org/10.3389/fphys.2020.577237
https://doi.org/10.3389/fphys.2019.00763
https://doi.org/10.3389/fphys.2016.00498
https://doi.org/10.3389/fphys.2019.00937
https://doi.org/10.3389/fphys.2015.00216
https://doi.org/10.3389/fphys.2017.00220
https://doi.org/10.3389/fphys.2020.629141
https://doi.org/10.3389/fphys.2018.01671
https://doi.org/10.3389/fphys.2020.595382
https://doi.org/10.3389/fphys.2020.605982
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

	The Future of Gastrointestinal Physiology: 2020 and Beyond
	Gastrointestinal Sciences
	Author Contributions
	References


