
EDITORIAL
The Hidden Effect of Nod2 in the Host/Microbiota Relationship
n this issue of Cellular and Molecular Gastroenterology
1
Iand Hepatology, Anderson et al present new insights on

the role played by nucleotide-binding oligomerization domain-
containing protein 2 (NOD2) receptor in shaping and regu-
lating the intestinal microbiota. NOD2 is a pattern recognition
receptor expressed by specialized cells of the epithelium, such
as Paneth cells, and some immune cells, and which has been
involved in inflammatory disorders (first susceptibility gene
identified in Crohn’s disease).2–4 NOD2 is a receptor for
muramyl dipeptide derived from peptidoglycan degradation of
both gram-positive and -negative bacteria.5 Acting as a gate-
keeper, NOD2 activates nuclear factor-kB and MAPK pathways
following muramyl dipeptide recognition, contributing to in-
testinal defense and integrity.6

In mice, genetic deletion of NOD2 seems to associate
with abnormal immune responses and exacerbated sus-
ceptibility to experimental colitis.7–9 Moreover, based on its
role in sensing bacterial compounds, loss of NOD2 function
has regularly been associated with alteration in microbiota
composition in both human and mice.10 For example, the
same team previously described a bacterial overload,
especially from the Bacteroidetes phylum, in feces and ileal
biopsies of patients with Crohn’s disease with Nod2 SNP13
mutation and Nod2-deficient mice.11 Such data suggest a key
role played by NOD2 in shaping the intestinal microbiota,
which can play a role in driving susceptibility to chronic
intestinal inflammation.12 However, other studies failed to
observe significant bacterial taxonomic differences between
Nod2-KO mice and wild-type (WT) true littermates13,14 at
steady state, suggesting that NOD2-deficiency associated
dysbiosis could require other perturbations of the host/
microbiota relationship to arise.

In this new study, Anderson et al1 informed the debate
by showing an absence of genotype effect on fecal micro-
biota composition at the homeostatic state. The authors next
examined to which extent NOD2 deficiency impacts micro-
biota composition recovery following antibiotic exposure,
known to dramatically disrupt gut bacterial population, in
young adult (20 weeks old) and middle-age (52 weeks old)
mice. They importantly revealed a delayed weight loss re-
covery following antibiotics exposure in Nod2-KO mice
compared with WT animals, in an age-independent manner.
Regarding microbiota composition, neither WT nor Nod2-KO
mice recovered their initial microbiota composition
following antibiotics exposure, as assessed by 16S rRNA
gene sequencing. However, both Bray-Curtis and Jaccard
distance analyses revealed a greater resilience of WT mice
microbiota to shift back toward its initial preantibiotic state
compared with Nod2-KO mice. Such phenotype was driven
by specific operational taxonomic units and demonstrate the
role played by NOD2 in shaping microbiota resilience to
antibiotic exposure.
Cellular and Molecular Gastroenterology and Hepatology 2020;10:424–
In addition to the bacteriome, the authors also investi-
gated the mycobiome, still largely understudied. Indeed,
fungi are part of the gut “dark matter,” even if recent find-
ings demonstrate the important role played by this com-
munity in the gastrointestinal environment.15 Here, the
authors demonstrate that mycobiome displayed an
enhanced diversity after antibiotic treatment. Moreover,
contrary to the bacteriome, mycobiome configuration did
not shift back toward its initial state, with no differences
observed between WT and Nod2-KO mice.

Interestingly, fecal transplantation of Nod2-KO micro-
biota collected 7 weeks postantibiotic withdrawal into
germ-free WT animals demonstrated no impact on meta-
bolic parameters or small intestine inflammation, whereas
an enhanced colonic inflammation was observed, with an
increased histologic score and elevated inflammatory
markers, compared with germ-free mice receiving similar
WT-derived microbiota. These results demonstrate func-
tional impacts of postantibiotic microbiota in Nod2-KO mice
compared with WT littermates, in line with a recent study
demonstrating that NOD2 deficiency is leading to decreased
microbiota resilience after antibiotic exposure.14 Based on
previous studies, the authors suggested that underlying
mechanisms by which NOD2 deletion impacts the post-
antibiotic microbiota resilience may involve altered
expression of antimicrobial peptides/proteins, inflamma-
tory markers, or autophagic/endoplasmic reticulum stress
signals. However, how this altered microbiota in Nod2-KO
mice after antibiotic exposure is able to promote inflam-
mation when transplanted to WT recipients remains elusive.
Did the lack of some specific species foster expansion of
more proinflammatory microorganisms and/or detrimen-
tally impacted the intestinal immune system? Another
mechanism could be linked to microbiota encroachment,
known to play a central role in chronic intestinal inflam-
mation, which can be favored in Nod2-KO-derived post-
antibiotic microbiota.16,17 Hence, further studies are
required to elucidate the functional role of Nod2-KO-asso-
ciated microbiota.

In conclusion, the work by Anderson et al1 provides
novel insights regarding the role played by NOD2 in shaping
the gut microbiota, especially regarding its resilience
following environmental perturbation. Although microbiota
of Nod2-KO and WT animals are similar at steady state,
composition alterations were observed in the postantibiotic
phase, further highlighting the multifactorial etiology of in-
flammatory bowel diseases in which multiple hits and/or
susceptibility genes need to be associated for the disease to
occur. Moreover, this study importantly suggests that
investigation of microbiota composition and function in true
littermate genetic model, at steady state, in specific
pathogen-free environment, and in the absence of any
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additional hint/perturbator (eg, antibiotic treatment, path-
obiont infection) might mask important relevant differences.

NOËMIE DANIEL, PhD
INSERM, U1016, Team “Mucosal Microbiota in Chronic
Inflammatory Diseases”
Paris, France
Université de Paris
Paris, France

BENOIT CHASSAING, PhD
INSERM, U1016, Team “Mucosal Microbiota in Chronic
Inflammatory Diseases”
Paris, France
Université de Paris
Paris, France
Institute for Biomedical Sciences, Center for Inflammation,
Immunity and Infection
Georgia State University
Atlanta, Georgia
Neuroscience Institute, Georgia State University
Atlanta, Georgia
References
1. Anderson JM, Lipinski S, Sommer F, Pan W-H,

Boulard O, Rehman A, Falk-Paulsen M, Stengel ST,
Aden K, Häsler R, Bharti R, Künzel S, Baines JF,
Chamaillard M, Rosenstiel P. NOD2 influences trajec-
tories of intestinal microbiota recovery after antibiotic
perturbation. Cell Mol Gastroenterol Hepatol 2020;
10:365–389.

2. Hugot J-P, Chamaillard M, Zouali H, Lesage S, Cézard J-
P, Belaiche J, Almer S, Tysk C, O’Morain CA, Gassull M,
Binder V, Finkel Y, Cortot A, Modigliani R, Laurent-
Puig P, Gower-Rousseau C, Macry J, Colombel J-F,
Sahbatou M, Thomas G. Association of NOD2 leucine-
rich repeat variants with susceptibility to Crohn’s dis-
ease. Nature 2001;411:599–603.

3. Ogura Y, Bonen DK, Inohara N, Nicolae DL, Chen FF,
Ramos R, Britton H, Moran T, Karaliuskas R, Duerr RH,
Achkar J-P, Brant SR, Bayless TM, Kirschner BS,
Hanauer SB, Nuñez G, Cho JH. A frameshift mutation in
NOD2 associated with susceptibility to Crohn’s disease.
Nature 2001;411:603–606.

4. Hampe J, Cuthbert A, Croucher PJ, Mirza MM,
Mascheretti S, Fisher S, Frenzel H, King K,
Hasselmeyer A, MacPherson AJ, Bridger S, Deventer S
van, Forbes A, Nikolaus S, Lennard-Jones JE,
Foelsch UR, Krawczak M, Lewis C, Schreiber S,
Mathew CG. Association between insertion mutation in
NOD2 gene and Crohn’s disease in German and British
populations. Lancet 2001;357:1925–1928.

5. Girardin SE, Boneca IG, Viala J, ChamaillardM, LabigneA,
Thomas G, Philpott DJ, Sansonetti PJ. Nod2 is a general
sensor of peptidoglycan through muramyl dipeptide
(MDP) detection. J Biol Chem 2003;278:8869–8872.

6. Al Nabhani Z, Dietrich G, Hugot J-P, Barreau F. Nod2:
the intestinal gate keeper. PLoS Pathog 2017;13:
e1006177.
7. Watanabe T, Kitani A, Murray PJ, Strober W. NOD2 is a
negative regulator of Toll-like receptor 2–mediated T
helper type 1 responses. Nat Immunol 2004;5:800–808.

8. Kobayashi KS, Chamaillard M, Ogura Y, Henegariu O,
Inohara N, Nuñez G, Flavell RA. Nod2-dependent regu-
lation of innate and adaptive immunity in the intestinal
tract. Science 2005;307:731–734.

9. Ferrand A, Al Nabhani Z, Solà Tapias Núria 1, Mas E,
Hugot Jean-Pierre, Barreau F. NOD2 expression in in-
testinal epithelial cells protects toward the development
of inflammation and associated carcinogenesis. Cell Mol
Gastroenterol Hepatol 2019;7:357–369.

10. Lauro ML, Burch JM, Grimes CL. The effect of NOD2 on
the microbiota in Crohn’s disease. Curr Opin Biotechnol
2016;40:97–102.

11. Rehman A, Sina C, Gavrilova O, Häsler R, Ott S,
Baines JF, Schreiber S, Rosenstiel P. Nod2 is essential
for temporal development of intestinal microbial com-
munities. Gut 2011;60:1354–1362.

12. Couturier-Maillard A, Secher T, Rehman A, Normand S,
Arcangelis AD, Haesler R, Huot L, Grandjean T,
Bressenot A, Delanoye-Crespin A, Gaillot O, Schreiber S,
Lemoine Y, Ryffel B, Hot D, Nùñez G, Chen G,
Rosenstiel P, Chamaillard M. NOD2-mediated dysbiosis
predisposes mice to transmissible colitis and colorectal
cancer. J Clin Invest 2013;123:700–711.

13. Robertson SJ, Zhou JY, Geddes K, Rubino SJ, Cho JH,
Girardin SE, Philpott DJ. Nod1 and Nod2 signaling
does not alter the composition of intestinal bacterial
communities at homeostasis. Gut Microbes 2013;
4:222–231.

14. Goethel A, Turpin W, Rouquier S, Zanello G,
Robertson SJ, Streutker CJ, Philpott DJ, Croitoru K.
Nod2 influences microbial resilience and susceptibility to
colitis following antibiotic exposure. Mucosal Immunol
2019;12:720–732.

15. Vemuri R, Shankar EM, Chieppa M, Eri R, Kavanagh K.
Beyond just bacteria: functional biomes in the gut
ecosystem including virome, mycobiome, archaeome
and helminths. Microorganisms 2020;8:483.

16. Chassaing B, Raja SM, Lewis JD, Srinivasan S,
Gewirtz AT. Dietary emulsifiers impact the mouse gut
microbiota promoting colitis and metabolic syndrome.
Nature 2015;519:92–96.

17. Chassaing B, Raja SM, Lewis JD, Srinivasan S,
Gewirtz AT. Colonic microbiota encroachment correlates
with dysglycemia in humans. Cell Mol Gastroenterol
Hepatol 2017;4:205–221.

Correspondence
Address correspondence to: Benoit Chassaing, PhD, INSERM, U1016, Team
“Mucosal Microbiota in Chronic Inflammatory Diseases,” Paris, France.
e-mail: benoit.chassaing@inserm.fr.

Conflicts of interest
The authors disclose no conflicts.

Most current article

© 2020 The Authors. Published by Elsevier Inc. on behalf of the AGA
Institute. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
2352-345X

https://doi.org/10.1016/j.jcmgh.2020.05.001

http://refhub.elsevier.com/S2352-345X(20)30071-0/sref1
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref1
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref1
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref1
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref1
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref1
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref1
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref1
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref2
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref2
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref2
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref2
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref2
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref2
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref2
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref2
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref3
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref3
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref3
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref3
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref3
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref3
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref3
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref4
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref5
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref5
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref5
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref5
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref5
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref6
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref6
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref6
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref7
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref7
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref7
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref7
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref7
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref8
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref8
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref8
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref8
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref8
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref9
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref9
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref9
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref9
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref9
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref9
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref10
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref10
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref10
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref10
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref11
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref11
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref11
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref11
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref11
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref12
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref12
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref12
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref12
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref12
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref12
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref12
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref12
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref13
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref13
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref13
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref13
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref13
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref13
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref14
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref14
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref14
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref14
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref14
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref14
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref15
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref15
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref15
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref15
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref16
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref16
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref16
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref16
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref16
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref17
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref17
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref17
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref17
http://refhub.elsevier.com/S2352-345X(20)30071-0/sref17
mailto:benoit.chassaing@inserm.fr
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jcmgh.2020.05.001

	The Hidden Effect of Nod2 in the Host/Microbiota Relationship
	References


