
EDITORIAL
Tumor Necrosis Factor-a–Induced Apoptosis in the Intestinal
Epithelium due to Chronic Nuclear Factor Kappa B Signaling Is
Mediated by Receptor Interacting Serine/Threonine Kinase 1
nflammatory bowel disease (IBD), which includes
ICrohn’s disease and ulcerative colitis, is characterized
by chronic intestinal inflammation and a breakdown of the
epithelial barrier. Patients often display signs of sustained
immune signaling downstream of inflammatory cytokines
and excessive apoptotic and necrotic cell death of intestinal
epithelial cells (IECs). Tumor necrosis factor (TNF)-a
blockade, the most widely used treatment for moderate to
severe IBD, has been shown to improve IEC viability and
barrier function.1 Yet, the fundamental question of how
TNF-a induces cell death in the context of IBD is unan-
swered, because cell culture and animal experiments indi-
cate that IECs are typically not susceptible to TNF-a.

The fate of cells exposed to TNF-a depends on the
different protein complexes that can form on ligation of its
receptor, TNF-a receptor 1 (TNFR1).2 For example, receptor
interacting serine/threonine kinase 1 (RIPK1) can interact
with NEMO and IKKa/b to activate the master transcription
factor nuclear factor kappa B (NF-kB) to induce the
expression of cytokines and antiapoptotic genes. In this
scenario, RIPK1 serves a scaffolding function, and its kinase
activity is dispensable. If NEMO is inhibited after TNFR1
activation, then RIPK1 will be released to interact with
FADD and caspase-8 to form a proapoptotic complex termed
the ripoptosome, which requires the kinase activity of
RIPK1. When apoptosis is inhibited after ripoptosome for-
mation, RIPK1 phosphorylates and activates RIPK3 to
mediate necroptosis, a form of programmed necrosis. Thus,
NF-kB and its upstream cofactor NEMO synergistically
prevent RIPK1 from activating cell death pathways on TNF-
a stimulation. However, these prosurvival functions are
difficult to reconcile with the observation that IBD is often
associated with NF-kB activation.3 In this issue of Cellular
and Molecular Gastroenterology and Hepatology, Wong et al4

elegantly combine a mouse model and an in vitro three-
dimensional enteroid system to reveal a central role of
RIPK1 in the setting of chronic NF-kB activation where TNF-
a induces IEC death.

The authors first examine publicly available data sets
and find that numerous NF-kB target genes are up-regulated
in active IBD patients and decreased after anti–TNF-a
treatment. They further demonstrate by immunohisto-
chemistry that markers of NF-kB activation and apoptosis
overlap within the intestinal epithelium of IBD patients,
thereby supporting the premise that NF-kB signaling and
IEC death occur together in the disease setting. In a previous
study, the authors generated mice engineered to have
chronic NF-kB activation through expression of a
Cellu
constitutively active Ikkb mutant in the intestinal epithe-
lium. These IKKb(EE)IEC mice display TNF-a–dependent IEC
death after inoculation with bacterial lipopolysaccharide.4,5

In the current study, they build on this model by showing
that injection with TNF-a is sufficient to induce hallmarks of
IEC apoptosis in IKKb(EE)IEC mice, and that stimulation of
enteroids derived from these mice with TNF-a in vitro in-
duces apoptosis without the requirement of other exoge-
nous microbial or immune signals. They next focus their
attention on RIPK1 and RIPK3 because of their role in
mediating downstream consequences of TNFR1 activation.
Strikingly, pharmacologic or genetic inhibition of RIPK1 ki-
nase activity, which is required for ripoptosome function
but not for NF-kB activation, completely rescued the
viability of IKKb(EE) enteroids. In contrast, inhibition of
RIPK3 failed to improve enteroid survival. Consistent with
these results, the authors show that blocking RIPK1 but not
RIPK3 promotes the survival of IKKb(EE)IEC mice and in-
hibits IEC death in vivo on challenge with lipopolysaccha-
ride or TNF-a.

The detailed molecular crosstalk between NF-kB and
RIPK1 activity in this setting remains unclear, but the au-
thors perform several informative experiments that will
guide future studies. Overexpression of the NF-kB target
gene Tnfaip3 (A20) has been shown to facilitate ripopto-
some formation and RIPK1 kinase activation,6 and they
confirm that the expression of this gene is spontaneously
increased in IKKb(EE) IECs. However, replacing A20 with an
inactive variant did not affect susceptibility to TNF-
a–induced cell death, suggesting that additional factors may
also contribute to the pathogenic consequences of chronic
NF-kB signaling. Consistent with the observation that reac-
tive oxygen species (ROS) participate in RIPK1-mediated
cell death,7,8 the authors find that the administration of a
ROS scavenger blocked apoptosis in both IKKb(EE)IEC mice
and enteroids. These experiments show that TNF-
a–stimulated IKKb(EE) IECs undergo apoptosis in a manner
dependent on the ripoptosome and ROS and a potential role
for A20 that requires further investigation.

In summary, Wong et al reveal a key requirement of the
RIPK1 kinase activity for TNF-a–induced apoptosis in IECs
sensitized by sustained NF-kB signaling as observed in IBD
patients. Of note, genetic susceptibility can also contribute
to altered NF-kB signaling and IEC death. Recent findings
using animals and enteroids harboring mutations in IBD
genes such as Tnfaip3 and Atg16l1 have shown that RIPK1
inhibition prevents TNF-a–induced IEC death.9,10 Together
with these studies, the findings by Wong et al suggest that
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RIPK1 inhibitors currently being evaluated in the clinic
represent a promising intervention strategy for IBD. Using
markers of NF-kB signaling in IECs could be a way to
identify the subset of patients most responsive to these
drugs.

XIAOMIN YAO, PhD
Kimmel Center for Biology and Medicine at the Skirball
Institute
New York University School of Medicine
New York, New York
Department of Microbiology
New York University School of Medicine
New York, New York

KEN CADWELL, PhD
Kimmel Center for Biology and Medicine at the Skirball
Institute
New York University School of Medicine
New York, New York
Department of Microbiology
New York University School of Medicine
New York, New York
References
1. Zeissig S, Bojarski C, Buergel N, Mankertz J, Zeitz M,

Fromm M, Schulzke JD. Downregulation of epithelial
apoptosis and barrier repair in active Crohn’s disease by
tumour necrosis factor alpha antibody treatment. Gut
2004;53:1295–1302.

2. Ting AT, Bertrand MJM. More to life than NF-kappaB in
TNFR1 signaling. Trends Immunol 2016;37:535–545.

3. Schreiber S, Nikolaus S, Hampe J. Activation of nuclear
factor kappa B inflammatory bowel disease. Gut 1998;
42:477–484.

4. Wong J, Garcia-Carbonell R, Zelic M, Ho SB, Boland BS,
Yao S-J, Desai SA, Das S, Planell N, Harris PA, Font-
Burgada J, Taniguchi K, Bertin J, Salas A, Pasparakis M,
Gough PJ, Kelliher M, Karin M, Guma M. RIPK1 mediates
TNF-induced intestinal crypt apoptosis during chronic
NF-kB activation. Cell Mol Gastroenterol Hepatol 2020;
9:295–312.

5. Guma M, Stepniak D, Shaked H, Spehlmann ME,
Shenouda S, Cheroutre H, Vicente-Suarez I, Eckmann L,
Kagnoff MF, Karin M. Constitutive intestinal NF-kappaB
does not trigger destructive inflammation unless
accompanied by MAPK activation. J Exp Med 2011;
208:1889–1900.

6. Garcia-Carbonell R, Wong J, Kim JY, Close LA,
Boland BS, Wong TL, Harris PA, Ho SB, Das S, Ernst PB,
Sasik R, Sandborn WJ, Bertin J, Gough PJ, Chang JT,
Kelliher M, Boone D, Guma M, Karin M. Elevated A20
promotes TNF-induced and RIPK1-dependent intestinal
epithelial cell death. Proc Natl Acad Sci U S A 2018;
115:E9192–E9200.

7. Zhang Y, Su SS, Zhao S, Yang Z, Zhong CQ, Chen X,
Cai Q, Yang ZH, Huang D, Wu R, Han J. RIP1 auto-
phosphorylation is promoted by mitochondrial ROS and
is essential for RIP3 recruitment into necrosome. Nat
Commun 2017;8:14329.

8. Shindo R, Kakehashi H, Okumura K, Kumagai Y,
Nakano H. Critical contribution of oxidative stress to
TNFalpha-induced necroptosis downstream of RIPK1
activation. Biochem Biophys Res Commun 2013;
436:212–216.

9. Kattah MG, Shao L, Rosli YY, Shimizu H, Whang MI,
Advincula R, Achacoso P, Shah S, Duong BH,
Onizawa M, Tanbun P, Malynn BA, Ma A. A20 and ABIN-
1 synergistically preserve intestinal epithelial cell survival.
J Exp Med 2018;215:1839–1852.

10. Matsuzawa-Ishimoto Y, Shono Y, Gomez LE, Hubbard-
Lucey VM, Cammer M, Neil J, Dewan MZ, Lieberman SR,
Lazrak A, Marinis JM, Beal A, Harris PA, Bertin J, Liu C,
Ding Y, van den Brink MRM, Cadwell K. Autophagy
protein ATG16L1 prevents necroptosis in the intestinal
epithelium. J Exp Med 2017;214:3687.
Correspondence
Address correspondence to: Ken Cadwell, PhD, 430 East 29th Street,
Alexandria Center for Life Science, Room 409, New York, New York 10016.
e-mail: Ken.Cadwell@nyulangone.org; fax: (646) 501-2207.

Conflicts of interest
This author discloses the following: K.C. has consulted for or received an
honorarium from Puretech Health, Genentech, and AbbVie, Inc; has received
research support from Puretech Health and Pfizer, Inc; and has a provisional
patent, U.S. Patent Appln No 15/625,934. The remaining author discloses no
conflicts.

Funding
Supported by US National Institute of Health ( NIH) grants R01 AI121244, R01
HL123340, R01 DK093668, R01 DK103788, R01 AI130945, and R01
HL125816, and pilot awards from the NYU CTSA grant UL1TR001445 from
the National Center for Advancing Translational Sciences (NCATS) and NYU
Cancer Center grant P30CA016087. K.C. has also received recent support
from the Faculty Scholar grant from the Howard Hughes Medical Institute,
Merieux Institute, Kenneth Rainin Foundation, Crohn’s & Colitis Foundation,
and Stony Wold-Herbert Fund. K.C. is Burroughs Wellcome Fund
Investigators in the Pathogenesis of Infectious Diseases.

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.2019.10.009

http://refhub.elsevier.com/S2352-345X(19)30145-6/sref1
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref1
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref1
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref1
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref1
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref1
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref2
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref2
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref2
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref3
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref3
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref3
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref3
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref15
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref15
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref15
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref15
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref15
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref15
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref15
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref15
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref4
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref4
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref4
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref4
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref4
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref4
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref4
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref5
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref5
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref5
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref5
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref5
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref5
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref5
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref5
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref6
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref6
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref6
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref6
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref6
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref7
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref7
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref7
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref7
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref7
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref7
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref8
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref8
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref8
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref8
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref8
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref8
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref9
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref9
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref9
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref9
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref9
http://refhub.elsevier.com/S2352-345X(19)30145-6/sref9
mailto:Ken.Cadwell@nyulangone.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jcmgh.2019.10.009

	Tumor Necrosis Factor-α–Induced Apoptosis in the Intestinal Epithelium due to Chronic Nuclear Factor Kappa B Signaling Is M ...
	References


