
World Journal of
Gastroenterology

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World J Gastroenterol  2021 August 7; 27(29): 4746-4938

Published by Baishideng Publishing Group Inc



WJG https://www.wjgnet.com I August 7, 2021 Volume 27 Issue 29

World Journal of 

GastroenterologyW J G
Contents Weekly Volume 27 Number 29 August 7, 2021

REVIEW

Ischemic bowel disease in 20214746

Ahmed M

Therapeutic implications of SARS-CoV-2 dysregulation of the gut-brain-lung axis4763

Johnson SD, Olwenyi OA, Bhyravbhatla N, Thurman M, Pandey K, Klug EA, Johnston M, Dyavar SR, Acharya A, Podany 
AT, Fletcher CV, Mohan M, Singh K, Byrareddy SN

Hepatitis B virus infection modeling using multi-cellular organoids derived from human induced 
pluripotent stem cells

4784

Cao D, Ge JY, Wang Y, Oda T, Zheng YW

MINIREVIEWS

Artificial intelligence in colonoscopy4802

Joseph J, LePage EM, Cheney CP, Pawa R

New hope for hepatitis C virus: Summary of global epidemiologic changes and novel innovations over 20 
years

4818

Dennis BB, Naji L, Jajarmi Y, Ahmed A, Kim D

Impact of modern antiviral therapy of chronic hepatitis B and C on clinical outcomes of liver disease4831

Khoo T, Lam D, Olynyk JK

Neurological and psychiatric effects of hepatitis C virus infection4846

Faccioli J, Nardelli S, Gioia S, Riggio O, Ridola L

Muscular abnormalities in liver cirrhosis4862

Hari A

ORIGINAL ARTICLE

Basic Study

Impact of Fusobacterium nucleatum in the gastrointestinal tract on natural killer cells4879

Kim YJ, Kim BK, Park SJ, Kim JH

Retrospective Study

Poor performance of anti-mitochondrial antibodies for the diagnosis of primary biliary cholangitis in 
female Colombian patients: A single-center study

4890

Guatibonza-García V, Gaete PV, Pérez-Londoño A, Puerto-Baracaldo DK, Gutiérrez-Romero SA, Mendivil CO, Tapias M



WJG https://www.wjgnet.com II August 7, 2021 Volume 27 Issue 29

World Journal of Gastroenterology
Contents

Weekly Volume 27 Number 29 August 7, 2021

Clinical Trials Study

Effects of permissive hypocaloric vs standard enteral feeding on gastrointestinal function and outcomes in 
sepsis

4900

Sun JK, Nie S, Chen YM, Zhou J, Wang X, Zhou SM, Mu XW

Observational Study

Advanced glycation end product: A potential biomarker for risk stratification of non-alcoholic fatty liver 
disease in ELSA-Brasil study

4913

Pereira ENGDS, Paula DP, Araujo BP, Fonseca MJMD, Diniz MFHS, Daliry A, Griep RH

CASE REPORT

Autoimmune enteropathy and primary biliary cholangitis after proctocolectomy for ulcerative colitis: A 
case report and review of the literature

4929

Zhou QY, Zhou WX, Sun XY, Wu B, Zheng WY, Li Y, Qian JM



WJG https://www.wjgnet.com III August 7, 2021 Volume 27 Issue 29

World Journal of Gastroenterology
Contents

Weekly Volume 27 Number 29 August 7, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Aldo Bove, MD, PhD, Assistant Professor of Surgery, 
Chief of Surgery “Pierangeli Hospital” Pescara, Department of Medicine, Dentistry and Biotechnology, University 
“G. D’Annunzio”, Via dei Vestini, Chieti 66100, Italy. above@unich.it

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJG, World J Gastroenterol) is to provide scholars and readers 
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical 
research articles and communicate their research findings online. WJG mainly publishes articles reporting research 
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics 
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal 
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as 
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2021 
edition of Journal Citation Report® cites the 2020 impact factor (IF) for WJG as 5.742; Journal Citation Indicator: 0.79; 
IF without journal self cites: 5.590; 5-year IF: 5.044; Ranking: 28 among 92 journals in gastroenterology and 
hepatology; and Quartile category: Q2. The WJG’s CiteScore for 2020 is 6.9 and Scopus CiteScore rank 2020: 
Gastroenterology is 19/136.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Yi Yuan; Production Department Director: Xiang Li; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1007-9327 (print) ISSN 2219-2840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 1, 1995 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Weekly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/1007-9327/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 7, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJG https://www.wjgnet.com 4879 August 7, 2021 Volume 27 Issue 29

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2021 August 7; 27(29): 4879-4889

DOI: 10.3748/wjg.v27.i29.4879 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Basic Study

Impact of Fusobacterium nucleatum in the gastrointestinal tract on 
natural killer cells

Yeon Ji Kim, Bu Kyung Kim, Seun Ja Park, Jae Hyun Kim

ORCID number: Yeon Ji Kim 0000-
0002-3196-0384; Bu Kyung Kim 
0000-0001-7845-4377; Seun Ja Park 
0000-0003-3217-5155; Jae Hyun Kim 
0000-0002-4272-8003.

Author contributions: Kim YJ, Kim 
BK, Park SJ and Kim JH designed 
the study; Kim YJ performed the 
experiments; Kim YJ and Kim JH 
wrote the paper; Kim BK and Park 
SJ critically reviewed the 
manuscript for important 
intellectual content; Kim JH 
approved the manuscript.

Supported by National Research 
Foundation of Korea (NRF) grant 
funded by the Korea government 
(MSIT), No. 2017R1C1B5017576.

Institutional review board 
statement: No human experiments 
were conducted and no human 
samples were used in this study.

Institutional animal care and use 
committee statement: All 
experimental procedures were 
performed with the approval of the 
Animal Experimentation Ethics 
Committee of Kosin University 
College of Medicine, No. KMAP-
18-06.

Conflict-of-interest statement: The 
authors declare no conflicts of 
interest. The authors alone are 
responsible for the content of this 

Yeon Ji Kim, Institute of Gastroenterology, Kosin University College of Medicine, Busan 
49267, Spain

Bu Kyung Kim, Seun Ja Park, Jae Hyun Kim, Department of Internal Medicine, Kosin University 
College of Medicine, Busan 49267, South Korea

Corresponding author: Jae Hyun Kim, MD, PhD, Assistant Professor, Department of Internal 
Medicine, Kosin University College of Medicine, 262 Gamcheon-ro, Seo-gu, Busan 49267, 
South Korea. kjh8517@daum.net

Abstract
BACKGROUND 
Gut microbial dysbiosis contributes to the development and progression of 
colorectal cancer (CRC). Natural killer (NK) cells are involved in early defense 
mechanisms to kill infective pathogens and tumor cells by releasing chemokines 
and cytokines. To better understand the relationship between the gut microbiome 
and CRC, it was hypothesized here that a high abundance of Fusobacterium 
nucleatum (F. nucleatum) in the gastrointestinal tract could cause reduced NK cell 
activity.

AIM 
To identify associations between gastrointestinal tract F. nucleatum levels and NK 
cell activity.

METHODS 
In vitro experiments were performed on NK cells treated with F. nucleatum, 
Peptostreptococcus anaerobius, and Parvimonas micra to identify the effects of gut 
microbiome species on NK cells. Following 24 and 48 h of treatment, NK cell 
counts were measured. In parallel studies, C57BL/6 mice were given broad-
spectrum antibiotics in their drinking water to reduce resident gut flora. After 3 
wk, the mice received the various bacterial species or phosphate-buffered saline 
(PBS) via oral gavage every 2 d for 6 wk. At the study end, blood samples were 
acquired to perform NK cell activity assessment and cytokine analysis. Intestinal 
tissues were collected and analyzed via immunohistochemistry (IHC).

RESULTS 
The data show that after 3 wk of broad-spectrum antibiotic treatment, levels of 
total bacteria and F. nucleatum were markedly decreased in mice. Gavage of F. 
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nucleatum significantly decreased NK cell activity relative to the activities of cells 
from mice treated with antibiotics only and PBS. The administration of F. 
nucleatum decreased the proportion of NK46+ cells based on IHC staining and 
increased the production of interleukin-1β and tumor necrosis factor-α.

CONCLUSION 
High levels of F. nucleatum in the gastrointestinal tract reduced NK cell activity in 
mice, and the decrease in NK cell activity might be affected by increased pro-
inflammatory cytokines after F. nucleatum treatment.

Key Words: Fusobacterium nucleatum; Natural killer cells; Colorectal cancer

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gut microbial dysbiosis contributes to the development and progression of 
colorectal cancer (CRC). Natural killer (NK) cells are involved in early defense 
mechanisms to kill infective pathogens and tumor cells by releasing chemokines and 
cytokines. To better understand the relationship between the gut microbiome and CRC, 
it was hypothesized here that a high abundance of Fusobacterium nucleatum (F. 
nucleatum) in the gastrointestinal tract could cause reduced NK cell activity. Accor-
dingly, this association would impact the development of CRC in a host. To test this 
hypothesis, associations between the abundance of F. nucleatum in the murine 
gastrointestinal tract and NK cell activity were evaluated. In this study, we showed that 
a high abundance of F. nucleatum in the gastrointestinal tract reduced the activity of 
NK cells and that such outcomes might be associated with a concurrent increase in 
circulating levels of some pro-inflammatory cytokines, including interleukin-1β and 
tumor necrosis factor-α in these hosts. These findings suggest that increases in F. 
nucleatum in the gastrointestinal tract could be a factor in disrupting how the immune 
system prevents the development of CRC.

Citation: Kim YJ, Kim BK, Park SJ, Kim JH. Impact of Fusobacterium nucleatum in the 
gastrointestinal tract on natural killer cells. World J Gastroenterol 2021; 27(29): 4879-4889
URL: https://www.wjgnet.com/1007-9327/full/v27/i29/4879.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i29.4879

INTRODUCTION
Increasing evidence indicates that gut microbial dysbiosis contributes to the deve-
lopment and progression of colorectal cancer (CRC)[1-3]. Studies have suggested that 
the presence of several bacteria, including Fusobacterium nucleatum (F. nucleatum), 
Peptostreptococcus anaerobius (P. anaerobius), Parvimonas micra (P. micra), and Solobac-
terium moorei are significantly associated with CRC[4,5]. Other studies have described 
a strong correlation between the presence of F. nucleatum (a common oral anaerobic 
Gram-negative rod that is a typical cause of periodontal disease) with CRC develop-
ment and pathogenicity[6-8]. The presence of F. nucleatum increases the proliferation of 
CRC cells and tumor development in mice by activating Toll-like receptor 4 signaling 
to nuclear factor-kappa B, and up-regulating the expression of miRNA-21. Other 
studies have shown that F. nucleatum can suppresses the tumor-immune microenvir-
onment in a manner that could inhibit T-cell responses to antigens and arrest human 
T-cells in the G1 phase or induce apoptotic cell death[9-11]. In one report, the Fap2 
protein of F. nucleatum was shown to play a crucial role in mediating fusobacterial 
CRC enrichment by Gal-GalNAc that is over-expressed in CRC[6]. In addition, this 
protein directly interacts with the inhibitory receptor TIGIT on natural killer (NK) 
cells, leading to an inhibition of NK cell cytotoxicity in humans[8].

NK cells are large granular lymphocytes (unique type of cytotoxic lymphocyte) that 
play a role in innate immunity[12]. NK cells are involved in early defense mechanisms 
to kill infective pathogens and tumor cells by releasing chemokines and cytokines, as 
well as by helping other immune cells in targeted cell elimination[13]. Imai et al[14] in 
a follow-up study of 154 patients with cancer for 11 years found that patients with 

mailto:kjh8517@daum.net
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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P-Editor: Yuan YY high cytotoxic activity among their peripheral blood lymphocytes had decreased 
cancer risk and, conversely, those with low cytotoxic activity had increased cancer risk
[14]. In a study that evaluated 140 patients with Stage III CRC who underwent sur-
gery, it was seen that lower pre-operative NK cell activity resulted in significant effects 
on the development of metachronous distant metastases[15]. A cross-sectional study 
performed in Canada that evaluated NK cell activity in a high-risk population of 
subjects screened for CRC (via colonoscopy) showed that subjects with CRC had lower 
NK cell activity compared to those without CRC[16]. In addition, NK cells have been 
shown to be deficient when analyzing their localization and densities within CRC 
tissues[17].

To better understand any relationship between the gut microbiome and CRC, it was 
hypothesized here that a high abundance of F. nucleatum in the gastrointestinal tract 
could cause reduced NK cell activity. Accordingly, this association would impact upon 
the development of CRC in a host. To test this hypothesis, associations between the 
abundance of F. nucleatum in the murine gastrointestinal tract and NK cell activity 
were evaluated.

MATERIALS AND METHODS
Bacterial culture
F. nucleatum (ATCC 25586), P. anaerobius (ATCC 27337), and P. micra (ATCC 33270) 
were purchased from American Type Culture Collection (ATCC, Manassas, VA, USA). 
All bacteria were cultured at 37°C in Anaerobe basal broth (CM0957, OXOID, Thermo 
Fisher Scientific, West Palm Beach, FL, USA) in an anaerobic jar (Hardy Diagnostics, 
Santa Maria, CA, USA). Anaerobic conditions were maintained using AnaeroGen 
packets (Thermo Fisher Scientific).

Culture of NK cells
For in vitro studies, NK92 cells (CRL-2407, human NK line) were obtained from ATCC. 
The cells were cultured in a minimum essential medium (MEM, Sigma, St. Louis, MO, 
USA) containing 12.5% fetal bovine serum (HyClone, Logan, UT, USA), 12.5% horse 
serum (HyClone), 200 U recombinant IL-2/mL (Invitrogen, Carlsbad, CA, USA), 2 
mmol/L L-glutamine, 0.2 mmol/L myoinositol, 0.1 mmol/L 2-mercaptoethanol, and 
0.02 mmol/L folic acid (all Sigma, St. Louis, MO, USA) at 37°C in a 5% CO2 incubator. 
Fresh medium was replaced every 2 d; cells reached confluence at 5 d of culture.

Cell proliferation assay 
Cell viability was determined by trypsin blue exclusion. Here, NK92 cells were plated 
at 105 cells/well in 6-well plates. The cells were infected with bacteria at 100:1, 250:1, 
and 500:1 multiplicity of infection (MOI); control cells received phosphate-buffered 
saline (PBS, pH 7.4). After 24 and 48 h of culture, cell viabilities were assessed.

Animal experiments
C57BL/6 mice (male, 6-wk-of-age) were purchased from Orient Bio (Gyeonggi, Korea) 
and housed in pathogen-free facilities maintained at 20°C with 50% relative humidity 
and a 12-h light:dark cycle. All mice had ad libitum access to standard rodent chow and 
filtered water. The mice were acclimated for 1 wk and randomly divided into four 
groups (5 mice per group): Control, anti-control (antibiotics only), PBS (PBS after 
antibiotics), and FN (F. nucleatum after antibiotics). All mice (except control) were 
treated with a cocktail of broad-spectrum antibiotics (0.2 g/L ampicillin, 0.1 g/L 
vancomycin, 0.2 g/L neomycin, and 0.2 g/L metronidazole) in their drinking water for 
3 wk to establish flora-deficient status. After 3 wk, the mice were administered 109 
CFU F. nucleatum or the same dose of PBS by oral gavage every 2 d for 6 wk. At the 
end of the experiments, mice were anaesthetized with chloroform and euthanized by 
CO2 gas to permit collection of biomaterials. All experimental procedures were per-
formed with the approval of the Animal Experimentation Ethics Committee of Kosin 
University.

F. nucleatum quantification
Stool samples were collected from all mice once a week to assess the flora-deficient 
status and to compare the levels of total bacteria and F. nucleatum. For this, total DNA 
was isolated using the GeneAll Exgene Stool DNA mini kit (GeneAll Biotechnology 
Co. Seoul, Korea) according to the manufacturer’s instructions. After quantification 
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and confirmation of purity using the Exgene Stool DNA mini kit (GeneAll, Seoul, 
Korea), an aliquot of total DNA (1 mg) was used as a template to be mixed with TB 
Green Premix Ex Taq II (Takara Bio, Shiga, Japan). The primers used for amplification 
were: F. nucleatum 5’-CGAGGAACCTTACCAGCGTT-3’ (F) and 5’-CCCAACATCT-
CACGACACGA-3’ (R); total bacteria 5’-GTGSTGCAYGGYTGTCGTCA-3’ (F) and 5’-
ACGTCRTCCMCACCTTCCTC-3’ (R); and GAPDH 5’-TGGCCTTCCGTGTTCCTAC-
3’ (F) and 5’-GAG-TTGCTGTTGAAGTCGCA-3’ (R). All reactions were performed in 
triplicate in a 7300 Real-time polymerase chain reaction (PCR) system (Applied 
Biosystems, Waltham, MA, USA).

Assay of ex vivo NK cell activity
At necropsy, whole blood was collected from the heart and placed in sodium heparin-
coated tubes for subsequent isolation of plasma. NK cell activity was then assessed (in 
triplicate) using a Murine NK activity kit (ATGen Co. Ltd., Seoul, Korea) according to 
the manufacturer’s instructions. The absorbance generated for each sample reflected 
the relative amount of NK cell activity in the sample.

Immunohistochemical analyses of intestinal CD3 and NKp46 cells
Murine colon tissues were collected and placed in 10% buffered formalin overnight for 
fixing. Sections 4-μm thick were then prepared for immunohistochemical (IHC) 
staining using an automated immunostainer (Bond-MAX, Leica, Buffalo Grove, IL, 
USA). Antibodies against mouse CD3 (rabbit polyclonal, Dako, Agilent Technologies, 
city, state) and NKp46 (rabbit polyclonal, R&D Systems, Minneapolis, MN, USA) were 
used. Stained samples were then evaluated by light microscopy and immuno-activity 
was assessed. The CD3+ or NKp46+ cells were counted in five different fields (total = 
500 counted cells) under 400 × magnification; cell counts were then converted to 
percentages for data presentation.

Biochemical assays
Plasma levels of pro-inflammatory interleukin (IL)-6, -1β, -18, and -12p70, and tumor 
necrosis factor (TNF)-α were measured (in duplicate) using commercial ELISA kits 
(Mouse IL-6 Uncoated ELISA, Mouse IL-18 Platinum ELISA, Mouse IL-1β Uncoated 
ELISA, Mouse IL-12p70 Platinum ELISA and Mouse TNF-α Uncoated ELISA; all 
Invitrogen). All experimental steps were performed at room temperature and in 
duplicate. Samples were quantified by spectrophotometry at 450 nm. The sensitivity 
levels of the kits were 4-500 pg/mL for IL-6, 8-1000 pg/mL for IL-1β, 31.2-2000 pg/mL 
for IL-18, 15.6-1000 pg/mL for IL-12p70, and 8-1000 pg/mL for TNF-α.

Statistical analysis
Each experiment was repeated at least three times. Data are expressed as means ± SD 
from each independent experiment. A Student’s t-test was performed for continuous 
variables; outcomes with P ≤ 0.05 were considered statistically significant. Statistical 
analyses were performed using SPSS Statistics software (v. 23.0, IBM, Armonk, NY, 
USA).

RESULTS
Cytotoxic effect of F. nucleatum, P. anaerobius, and P. micra on NK cells in vitro
The effects of various gut microbiota species on NK cell survival were first assessed. 
Here, F. nucleatum, P. anaerobius, and P. micra -all known to be associated with CRC- 
were cultured with NK cells for 24 or 48 h. To identify optimal amounts of gut 
microbiome species affecting NK cells, experiments with each were carried out at 
100:1, 250:1, or 500:1 MOI. As shown in Figure 1, NK cell counts were decreased in co-
cultures with F. nucleatum, P. anaerobius, and P. micra. The results were remarkable in 
co-cultures at both 24 and 48 h; however, F. nucleatum most markedly decreased NK 
cell counts after 48 h. Therefore, F. nucleatum was selected for further study here as the 
representative microbiome species for use in subsequent in vivo studies.

NK cell activity decreased in mice treated with F. nucleatum
To test whether F. nucleatum could reduce the activity of NK cells in mice, the animals 
were divided into four groups (5 mice per group): Control, anti-control, PBS and FN 
(Figure 2A). To establish flora-deficient status, mice were treated with a cocktail of 
broad-spectrum antibiotics for 3 wk. Confirmation of flora-deficiency was then 
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Figure 1 Effects of Fusobacterium nucleatum, Peptostreptococcus anaerobius, and Parvimonas micra on natural killer cells in vitro. 
Natural killer 92 cells were cultured for 24 or 48 h with each organism at a multiplicity of infection of 100:1, 250:1 or 500:1. Post-incubation, viability in the cultures was 
assessed using trypan blue staining. A: Fusobacterium nucleatum; B: Peptostreptococcus anaerobius; C: Parvimonas micra. F. nucleatum: Fusobacterium 
nucleatum; P. anaerobius: Peptostreptococcus anaerobius; P. micra: Parvimonas micra.

Figure 2 Experimental design. A: Mice were divided into four goups: Control, anti-control (antibiotics only), phosphate-buffered saline (PBS) (PBS after 
antibiotics), and Fusobacterium nucleatum (F. nucleatum) (F. nucleatum after antibiotics). The mice were treated with broad-spectrum antibiotics for 3 wk (except 
control), F. nucleatum was introduced to mice every 2 d for 6 wk by oral gavage; B: After treatments, the levels of total gut bacteria (left) and F. nucleatum (right) were 
evaluated; C: After administration of F. nucleatum, levels of total bacteria (left) and F. nucleatum (right) in mice were again evaluated. Data are expressed as means 
± SD of three independent experiments. PBS: Phosphate-buffered saline.

assessed by quantitative PCR analyses of stool samples; the data confirmed that the 
levels of total bacteria and F. nucleatum were decreased (Figure 2B). At that point, F. 
nucleatum was re-introduced by oral gavage to the flora-deficient mice every 2 d for 6 
wk. Analyses of their stools showed that levels of total bacteria and F. nucleatum 
gradually increased and then attained a plateau (Figure 2C).

The body weights of the mice were checked every week and compared. The weights 
of PBS and FN mice were lower compared to those of the control and anti-control 
groups after oral gavage; however, the differences were not significant (Figure 3A). At 
sacrifice (i.e., after 6 wk of gavage treatments), the mice were euthanized and the entire 
colon of each was isolated, longitudinally-opened, and examined. No significant 
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Figure 3 Body weight, colon length, and mucosal surface among the experimental groups. A: Weights of mice; B: Colon length and mucosal 
surface. PBS: Phosphate-buffered saline; FN: F. nucleatum.

differences in colonic length or colonic mucosal surface were found between the 
groups (Figure 3B).

To evaluate the activity of NK cells in situ, levels of interferon-gamma (IFN-γ) in the 
blood of each mouse was evaluated. The data indicated that the activity of NK cells in 
the FN group was significantly lower than in the control, anti-control, and PBS mice 
(Figure 4).

Local NK cell numbers in the gut decreased in mice treated with F. nucleatum
Using IHC staining, the intestinal tract of the mice was evaluated for the presence of 
NK cells. The data indicate that the levels of CD3+ cells were significantly lower in the 
anti-control, PBS, and FN mice than in the control mice (Figure 5). The levels of 
NKp46+ cells were lower in the FN group than in the control group, although the 
difference was not significant.

F. nucleatum treatments resulted in increased plasma pro-inflammatory cytokine 
levels
As shown in Figure 6, plasma levels of select pro-inflammatory cytokines were also 
evaluated at the end of the treatment regimens. The data indicated that circulating 
levels of IL-1β and TNF-α in the FN mice were significantly higher than in the control 
mice; values in the anti-control and PBS groups were not significantly higher than in 
the controls. Plasma levels of IL-6, IL-18, and IL-12p70 in the FN mice were not 
significantly higher than in the control. In addition, the values in the anti-control and 
PBS groups were not significantly changed compared to the control group.

DISCUSSION
Emerging evidence has shown a role for the gut microbiome, especially F. nucleatum, 
in cancer biology. Although F. nucleatum, a common bacterial resident in the oral 
cavity, has been shown to be involved in the proliferation of CRC cells and tumor 
development, data on how the Fusobacteria engage in the development of CRC are 
lacking. This study showed that a high abundance of F. nucleatum in the gastroin-
testinal tract reduced the activity of NK cells and that such outcomes might be 
associated with a concurrent increase in circulating levels of some pro-inflammatory 
cytokines, including IL-1β and TNF-α in these hosts. These findings suggest that 
increases in F. nucleatum in the gastrointestinal tract could be a factor in disrupting 
how the immune system prevents development of CRC.

The importance of the gut microbiome in immunity/inflammation has been more 
clearly elucidated in the past two decades. In a healthy state, the host immune system 
responds to intestinal microbiome strictly confined to the mucosal surface[18]. The 
mucus layer, epithelial cells, immunoglobulin A, dendritic cells, and T-cells comprise 
the mucosal barrier; these prevent the exposure and passage of gut microbiome to the 
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Figure 4 Blood levels of interferon-gamma. To indirectly evaluate the activity of natural killer cells, whole blood from each mouse was collected at necropsy 
and levels of interferon-gamma evaluated by ELISA. Data are expressed as means ± SD of three independent experiments. Value significantly different at aP < 0.05. 
IFN-γ: Interferon-gamma; PBS: Phosphate-buffered saline; FN: F. nucleatum.

Figure 5 Intestinal levels of CD3 and NKp46 cells. A: CD3+ cells; B: NKp46+ cells. Data are expressed as means ± SD of three independent experiments. 
Value significantly different at aP < 0.05. NK: Natural killer; PBS: Phosphate-buffered saline; FN: F. nucleatum.

gut-associated lymphoid tissue[19]. When the maintenance of tissue homeostasis is 
destroyed, translocating bacteria into the mucosal tissue causes a local (and systemic) 
effect on inflammatory cells, i.e., tissue inflammatory monocytes can respond to 
microbial-derived ligands by producing prostaglandin E2 which limits neutrophil 
activation and tissue damage[20].

F. nucleatum, whose presence has been proposed to correlate with CRC, can induce 
inflammation and suppress host immunity. There is increased evidence that F. 
nucleatum modulates immune cells in the CRC microenvironment and promotes 
intestinal tumorigenesis[21]. F. nucleatum can also stimulate autophagic pathways and 
alter chemotherapeutic responses of patients[22]. The current study focused on the 
impact of F. nucleatum upon gastrointestinal tract immune cells, especially NK cells. 
This study found that F. nucleatum could reduce local NK cell counts and decrease the 
activity of NK cells in the gut. Normally, NK cell activity is controlled by a balance of 
various signals that are delivered to the cells via inhibitory and activating NK cell 
receptors[23]. One study revealed that the ability of NK cells to kill tumors was 
inhibited by hemagglutinating F. nucleatum strains and that F. nucleatum inhibited 
immune cell activity by specifically targeting the inhibitory receptor TIGIT via the 
Fap2 protein[8]. Although the present study did not investigate the detailed mecha-
nism for the observed inhibitory effects of F. nucleatum on the activity of NK cells in 
mice, the findings suggest that the gut microbiome could play an inhibitory role.

NK cells usually present as CD56+CD3- cells and can be categorized into CD3-

CD56dimCD16+ and CD3-CD56brightCD16- cell classes. CD56dim cells appear to have more 
cytotoxic activity, while CD56bright cells produce high levels of cytokines including IFN-
γ and TNF-α[24]. The activation and inhibition of NK cells are induced by an interplay 
among the cells’ activating and inhibitory receptors[25]. NKp46 is expressed on NK 
cells in the tumor bed and is a major determinant of NK cell function[26]. In the 
current study, levels of CD3+ cells significantly decreased after antibiotic treatment and 
NKp46+ cells decreased after administration of F. nucleatum, although the difference 
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Figure 6 Plasma pro-inflammatory cytokine levels. A: Interleukin (IL)-1β; B: Tumor necrosis factor-α; C: IL-6; D: IL-18; E: IL-12p70. Data are expressed as 
means ± SD of three independent experiments. Value significantly different at aP < 0.05. PBS: Phosphate-buffered saline; FN: F. nucleatum; IL: Interleukin; TNF-α: 
Tumor necrosis factor-α.

was not significant. Based on these results, it is thought that the microenvironment 
change after antibiotic treatment could affect these alterations, and the administration 
of F. nucleatum might decrease NK cell number.

Several inflammatory cytokines (including TNF-α, IL-6, IL-18, and IL-1β) are known 
to be involved in the initiation and progression of cancers[27], and could modulate the 
activation of NK cells. TNF-α can induce DNA damage through reactive oxygen and 
nitrogen species, IL-18 can induce the production of angiogenic and tumor growth 
stimulating factors, IL-6 can induce oxidative stress and promote early tumorigenesis, 
and IL-1β can promote neo-angiogenesis and evoke antiapoptotic signaling in tumor 
cells[28-30]. It is plausible that any changes in the expression in one or more of these 
could modulate tumor growth/survival in situ by also modulating the activation of 
NK cells[31]. For example, IL-12 can enhance the activity of NK cells and CD8+ T-
lymphocytes, and so is expected to impart anti-tumor activity[32,33]. In this study, it 
was seen that circulating levels of IL-1β and TNF-α (but not IL-6, IL-18, or IL-12p70) 
were significantly increased after administration of F. nucleatum to mice. Further 
studies are needed to determine if these changes directly/indirectly impact the activity 
of NK cells themselves in hosts.

This study has some limitations. First, whether decreased NK cell activity induces 
the development of CRC was not assessed. Further studies including the association 
between NK cell activity and CRC could strengthen the results. Second, the pro-
inflammatory cytokine levels were not evaluated in NK92 cells and in colonic tissues 
treated with F. nucleatum. Therefore, changes in plasma pro-inflammatory cytokine 
levels in NK92 cells and in colonic tissues treated with F. nucleatum were not con-
firmed.



Kim YJ et al. F. nucleatum and NK cells

WJG https://www.wjgnet.com 4887 August 7, 2021 Volume 27 Issue 29

Figure 7 A possible mechanism. High levels of F. nucleatum in the gastrointestinal tract induce an increase in plasma pro-inflammatory cytokines, which 
reduces natural killer cell activity. IL: Interleukin; TNF-α: Tumor necrosis factor-α; NK: Natural killer.

CONCLUSION
In summary, the current study identified that high levels of F. nucleatum in the 
gastrointestinal tract reduced NK cell activity in mice and suggests insights on how 
NK cell activity was affected, i.e., F. nucleatum induced systemic pro-inflammatory 
responses in the hosts. Based on these findings, we suggest a possible mechanism by 
which high levels of F. nucleatum in the gastrointestinal tract induce an increase in 
plasma pro-inflammatory cytokines, which reduces NK cell activity (Figure 7). Our 
findings illustrate another potential means by which gut microbiome can influence NK 
cells which, in turn could impact the development of CRC.

ARTICLE HIGHLIGHTS
Research background
Gut microbial dysbiosis contributes to the development and progression of colorectal 
cancer (CRC). Natural killer (NK) cells are involved in early defense mechanisms to 
kill infective pathogens and tumor cells by releasing chemokines and cytokines.

Research motivation
This study was designed to better understand the relationship between the gut 
microbiome and CRC.

Research objectives
The objective of this study was to identify associations between gastrointestinal tract 
Fusobacterium nucleatum (F. nucleatum) levels and NK cell activity.

Research methods
In vitro experiments were performed on NK cells treated with F. nucleatum, Peptostrep-
tococcus anaerobius, and Parvimonas micra to identify the effects of gut microbiome 
species on NK cells. After 24 and 48 h of treatment, NK cell counts were measured. In 
parallel studies, C57BL/6 mice were given broad-spectrum antibiotics in their 
drinking water to reduce resident gut flora. After 3 wk, the mice received the various 
bacterial species or phosphate-buffered saline via oral gavage every 2 d for 6 wk. At 
the study end, blood samples were acquired to perform NK cell activity assessment 
and cytokine analysis. Intestinal tissues were collected and analyzed via immunohisto-
chemistry (IHC).

Research results
After 3 wk of broad-spectrum antibiotic treatment, levels of total bacteria and F. 
nucleatum were markedly decreased in mice. F. nucleatum by gavage significantly 
decreased NK cell activity relative to the activities of cells from mice treated with 
antibiotics only and phosphate-buffered saline. The administration of F. nucleatum 
decreased the proportion of NK46+ cells based on IHC staining and increased the 
production of interleukin-1β and tumor necrosis factor-α.
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Research conclusions
High levels of F. nucleatum in the gastrointestinal tract reduced NK cell activity in 
mice, and the decrease in NK cell activity might be affected by increased pro-inflam-
matory cytokines after F. nucleatum treatment.

Research perspectives
Based on these findings, we suggest that increases in F. nucleatum in the gastroin-
testinal tract could be a factor in disrupting how the immune system prevents deve-
lopment of CRC.
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