
EDITORIAL

Gut microbiota: An emerging biological diagnostic
and treatment approach for gastrointestinal diseases

Gut microbiota consists of trillions of microorganisms including
bacteria, archaea, fungi, protists, and viruses. Different individ-
uals have different compositions of gastrointestinal (GI) micro-
biota. The various microorganisms maintain a relatively stable
ratio with each other, and are colonized in the lumen and mucosa
of the digestive tract in a certain order to achieve a relatively sta-
ble microecological balance, and play physiological functions
such as biological barriers to the host.1 Gut microbiota dysbiosis
can cause metabolic disorders, immune system activation, tumor
responses to therapies, and so on. As the medical community has
published and continues to generate microbiome data and inte-
grate them with transcriptomics, proteomics, metabolomics, and
clinic phenotypes, novel microbial biomarkers associated with
diseases will be identified in many GI diseases. These microbial
biomarkers have the potential value to be translated into biologi-
cal approaches for diagnostics and treatments.

The oral cavity is the first part of the human digestive
tract. The oral microbes can enter the downstream digestive tract
through saliva or food and can also be detected in tissue distant
from the oral cavity. Oral microbes are closely correlated with
multisystemic diseases such as gastrointestinal cancer, type 2 dia-
betes, cardiovascular disease, and rheumatoid arthritis.2–6 As to
digestive tumors, oral microbiota has been suggested to play a
potential role in the etiology of esophageal cancer, colorectal can-
cer (CRC), and pancreatic cancer.7–9 It has been reported that the
oral periopathogens Fusobacterium nucleatum and Porphyromonas
gingivalis are essential in the development of colorectal and pancre-
atic cancer, respectively.10,11 The use of oral microbiome as a bio-
marker is gaining momentum. We characterized the salivary
microbiota in patients at different histological stages of gastric carci-
nogenesis and identified a distinct salivary microbiota in patients
with gastric cancer when compared to those with superficial gastritis
and atrophic gastritis. An enrichment of oral pro-inflammatory
microorganisms including Corynebacterium and Streptococcus is
likely an important factor contributing to the development and pro-
gression of gastric cancer. A random forest model was constructed
based on the salivary microbiota profiles, and showed an excellent
performance in distinguishing gastric cancer from patients with
superficial gastritis and atrophic gastritis, yielding an area under the
curve (AUC) of 0.91.12 In addition, other studies also showed a
high sensitivity rate (AUC of 97%) using oral microbiota to screen
for gastric cancer including microbiota on tongue coatings.13,14

However, the use of oral microbiota as biomarkers for gastric cancer
requires further investigation and verification.

The stomach has a unique microenvironment with gastric
acid and mucus. The gastric microbiome recently revealed
dysbiosis in different mucosal lesions including gastric ulcer,
polyps, and cancer.15–17 The gastric microbial diversity and

richness in gastric tumorigenesis gradually reduces from gastritis,
intestinal metaplasia, and intraepithelial neoplasia to gastric can-
cer.17–19 Nevertheless, the available data on the gastric cancer
microbiome are limited and specific microbiota as biomarkers for
gastric tumorigenesis have not been established as yet.

The colon has the largest population of microbes in our
body. Recent studies have revealed that microbiota dysbiosis has
links with functional gastrointestinal disorders (FGIDs), inflam-
matory bowel disease (IBD), CRC, and other GI disorders.
FGIDs are currently defined as a group of nonorganic GI dis-
eases that lack biological markers for their diagnosis and treat-
ment. Microbiota alterations may induce FGID symptoms
through fermenting ingesta, modulating bile acid metabolism,
changing intestinal immune function and motility, and visceral
sensation. Microbiota alteration in the gastric fluid was reported
in patients with functional dyspepsia,20 and fecal microbiota
dysbiosis was demonstrated in irritable bowel syndrome (IBS)21

and functional constipation.22 Evidence indicates that gut micro-
biota dysbiosis very likely contributes to some FGIDs, IBS, and
functional constipation. However, thus far, the findings of gut
microbiota in IBS and functional constipation have been incon-
sistent. Nevertheless, manipulation of microbiota remains a
promising treatment for at least some FGIDs.

Based on the roles and alterations of intestinal microbiota
in FGIDs, potential treatments for the dysbiosis of IBS and con-
stipation include probiotics, prebiotics, synbiotics, antibiotics,
and fecal microbiota transplantation (FMT). Preliminary studies
already show some benefit.23,24 In particular, FMT is now being
studied in functional bowel diseases and may be a new option
for constipation refractory to conventional therapies.22 However,
the results of FMT for the treatment of IBS are discrepant; cur-
rent evidence from RCTs does not suggest a benefit of FMT for
global IBS symptoms.25 However, gut microbiota could still be a
diagnostic biomarker or therapeutic objective in the management
of FGIDs.

Studies have demonstrated that gut microbiota appear to
contribute to the development of pancreatic cancer, IBD, and
CRC. We found that fecal microbes and butyrate as potential bio-
markers may help to distinguish patients with pancreatic ductal
adenocarcinoma from patients with autoimmune pancreatitis and
healthy subjects.26 Some intestinal bacteria like Streptococcus
bovis, F. nucleatum, Bacteroides fragilis, and Escherichia coli
are associated with ulcerative colitis and CRC.27,28 These and
other fecal microbial biomarkers have been used to predict CRC
with good diagnostic performance.29–31 Apart from being diag-
nostic or prediction markers, gut microbiota may be used to pre-
dict responses to various therapies in colon and other cancers.
Many studies have found a relationship between the gut
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microbiota and the efficacy and toxicity of chemotherapies and
immunotherapies. Gut microbiota plays an important role in the
metabolism and function of pharmaceuticals, and it can modify
the toxicity of most chemotherapeutic drugs through effects on
drug absorption, breakdown, and toxicity as illustrated by drugs
such as 5-fluorouracil, oxaliplatin, and irinotecan.32,33 In recent
years, immunotherapy has been introduced to treat patients with
advanced CRC. Gut microbiota can be potentially harnessed to
promote the antitumor immune response and immunotherapeutic
drug efficacy in CRC by effects on T-cell activation. The
CTLA-4 blocker and PD-1 blockers work in concert with specific
gut microbiota to affect tumor growth.34 The detection and use
of gut microbiota such as FMT to treat GI cancer have potential
benefits, and current findings are only the beginning.

The roles of gut microbiota in GI diseases have received
more and more attention. Beyond basic medical research, clinical
trials modulating gut microbiota like FMT have yielded many
unexpected and informative results for treating Costridium diffi-
cile infection, IBD, and other GI disorders.35,36 Researchers are
joining forces with business to advance GI microbiota transla-
tional studies and are opening up new opportunities for the pre-
vention, diagnosis, prediction, and treatment of GI diseases.

Kun Huang,* Lili Wu† and Yunsheng Yang‡

*Department of Gastroenterology, Civil Aviation General
Hospital, †Department of Gastroenterology, The Second

Medical Center and ‡Microbiota Division, Department of
Gastroenterology and Hepatology, The First Medical Center,

Chinese PLA General Hospital, Beijing, China

Correspondence
Yunsheng Yang, Microbiota Division, Department of

Gastroenterology and Hepatology, The First Medical Center,
Chinese PLA General Hospital, Beijing, China.

Email: sunny301ddc@126.com

Declaration of conflict of interest: None

References

1 Gensollen T, Iyer SS, Kasper DL, Blumberg RS. How colonization
by microbiota in early life shapes the immune system. Science. 2016;
352: 539–44.

2 Ahn J, Chen CY, Hayes RB. Oral microbiome and oral and gastroin-
testinal cancer risk. Cancer Causes Control. 2012; 23: 399–404.

3 Seymour RA. Is oral health a risk for malignant disease? Dent.
Update. 2010; 37: 279–83.

4 Salazar CR, Francois F, Li Y et al. Association between oral health
and gastric precancerous lesions. Carcinogenesis. 2012; 33: 399–403.

5 Gao L, Xu T, Huang G, Jiang S, Gu Y, Chen F. Oral microbiomes:
more and more importance in oral cavity and whole body. Protein
Cell. 2018; 9: 488–500.

6 Whitmore SE, Lamont RJ. Oral bacteria and cancer. PLoS Pathog.
2014; 10: e1003933.

7 Peters BA, Wu J, Pei Z et al. Oral microbiome composition reflects
prospective risk for esophageal cancers. Cancer Res. 2017; 77:
6777–87.

8 Flemer B, Warren RD, Barrett MP et al. The oral microbiota in colo-
rectal cancer is distinctive and predictive. Gut. 2018; 67: 1454–63.

9 Michaud DS, Izard J. Microbiota, oral microbiome, and pancreatic
cancer. Cancer J. 2014; 20: 203–6.

10 Rubinstein MR, Wang X, Liu W, Hao Y, Cai G, Han YW.
Fusobacterium nucleatum promotes colorectal carcinogenesis by
modulating E-cadherin/beta-catenin signaling via its FadA adhesin.
Cell Host Microbe. 2013; 14: 195–206.

11 Fan X, Alekseyenko AV, Wu J et al. Human oral microbiome and
prospective risk for pancreatic cancer: a population-based nested
case-control study. Gut. 2018; 67: 120–7.

12 Huang K, Gao X, Wu L et al. Salivary microbiota for gastric cancer
prediction: an exploratory study. Front. Cell. Infect. Microbiol. 2021;
11: 640309.

13 Sun J-H, Li X-L, Yin J, Li Y-H, Hou B-X, Zhang Z. A screening
method for gastric cancer by oral microbiome detection. Oncol. Rep.
2018; 39: 2217–24.

14 Wu J, Xu S, Xiang C et al. Tongue coating microbiota community
and risk effect on gastric cancer. J. Cancer. 2018; 9: 4039–48.

15 Chen X, Xia C, Li Q, Jin L, Zheng L, Wu Z. Comparisons between
bacterial communities in mucosa in patients with gastric antrum ulcer
and a duodenal ulcer. Front. Cell. Infect. Microbiol. 2018; 8: 126.

16 Ren R, Wang Z, Sun H et al. The gastric mucosal-associated micro-
biome in patients with gastric polyposis. Sci. Rep. 2018; 8: 13817.

17 Wang Z, Gao X, Zeng R et al. Changes of the gastric mucosal micro-
biome associated with histological stages of gastric carcinogenesis.
Front. Microbiol. 2020; 11: 997.

18 Coker OO, Dai Z, Nie Y et al. Mucosal microbiome dysbiosis in gas-
tric carcinogenesis. Gut. 2018; 67: 1024–32.

19 Ferreira RM, Pereira-Marques J, Pinto-Ribeiro I et al. Gastric micro-
bial community profiling reveals a dysbiotic cancer-associated micro-
biota. Gut. 2018; 67: 226–36.

20 Igarashi M, Nakae H, Matsuoka T et al. Alteration in the gastric
microbiota and its restoration by probiotics in patients with functional
dyspepsia. BMJ Open Gastroenterol. 2017; 4: e000144.

21 Pittayanon R, Lau JT, Yuan Y et al. Gut microbiota in patients with
irritable bowel syndrome-A systematic review. Gastroenterology.
2019; 157: 97–108.

22 Ohkusa T, Koido S, Nishikawa Y et al. Gut microbiota and chronic con-
stipation: a review and update. Front. Med. (Lausanne). 2019; 6: 19.

23 Hungin APS, Mitchell CR, Whorwell P et al. Systematic review: pro-
biotics in the management of lower gastrointestinal symptoms-an
updated evidence-based international consensus. Aliment. Pharmacol.
Ther. 2018; 47: 1054–70.

24 Holvoet T, Joossens M, V�azquez-Castellanos JF et al. Fecal micro-
biota transplantation reduces symptoms in some patients with irritable
bowel syndrome with predominant abdominal bloating: short- and
long-term results from a placebo-controlled randomized trial. Gastro-
enterology. 2021; 160: 145–157.e8.

25 Xu D, Chen VL, Steiner CA et al. Efficacy of fecal microbiota trans-
plantation in irritable bowel syndrome: a systematic review and meta-
analysis. Am. J. Gastroenterol. 2019; 114: 1043–50.

26 Zhou W, Zhang D, Li Z et al. The fecal microbiota of patients with
pancreatic ductal adenocarcinoma and autoimmune pancreatitis char-
acterized by metagenomic sequencing. J. Transl. Med. 2021; 19: 215.

27 Song M, Chan AT, Sun J. influence of the gut microbiome, diet, and
environment on risk of colorectal cancer. Gastroenterology. 2020;
158: 322–40.

28 Li DH, Li ZP, Zhang Y et al. Fecal fusobacterium nucleatum har-
bored virulence gene fadA are associated with ulcerative colitis and
clinical outcomes. Microb. Pathog. 2021; 157: 104964.

29 Dai Z, Coker OO, Nakatsu G et al. Multi-cohort analysis of colorectal
cancer metagenome identified altered bacteria across populations and
universal bacterial markers. Microbiome. 2018; 6: 70.

Gut microbiota for diagnosis and treatment in GI diseases

974 JGH Open: An open access journal of gastroenterology and hepatology 5 (2021) 973–975

© 2021 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.

mailto:sunny301ddc@126.com


30 Nakatsu G, Zhou H, Wu WKK et al. Alterations in enteric virome are
associated with colorectal cancer and survival outcomes. Gastroenter-
ology. 2018; 155: 529–41.e5.

31 Coker OO, Nakatsu G, Dai RZ et al. Enteric fungal microbiota
dysbiosis and ecological alterations in colorectal cancer. Gut. 2019;
68: 654–62.

32 Kuipers EJ, Grady WM, Lieberman D et al. Colorectal cancer. Nat.
Rev. Dis. Primers. 2015; 1: 15065.

33 Ferreira MR, Muls A, Dearnaley DP, Andreyev HJN. Microbiota and
radiation-induced bowel toxicity: lessons from inflammatory bowel

disease for the radiation oncologist. Lancet Oncol. 2014; 15:
e139–47.

34 Derosa L, Routy B, Kroemer G, Zitvogel L. The intestinal microbiota
determines the clinical efficacy of immune checkpoint blockers
targeting PD-1/PD-L1. Onco. Targets. Ther. 2018; 7: e1434468.

35 Shi YC, Yang YS. Fecal microbiota transplantation: current status
and challenges in China. JGH Open. 2018; 2: 114–16.

36 Vaughn BP, Rank KM, Khoruts A. Fecal microbiota transplantation:
Current status in treatment of GI and liver disease. Clin.
Gastroenterol. Hepatol. 2019; 17: 353–61.

Editorial Gut microbiota for diagnosis and treatment in GI diseases

JGH Open: An open access journal of gastroenterology and hepatology 5 (2021) 973–975

© 2021 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.

975


	 Gut microbiota: An emerging biological diagnostic and treatment approach for gastrointestinal diseases
	References


