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With 163 genetic loci identified to date, genome wide association studies have revealed the
significant genetic complexity associated with risk for IBD.! Autophagy, pinpointed through
the discovery of risk variants in ATG16L12 and other autophagy genes, remains one of the
most interesting disease-specific revelations of Crohn's disease genetics. Around a fifth of
the overall genetic risk yet known for Crohn's disease may lie in genes that are directly
involved in autophagy, including NOD2, which has recently been exposed as an autophagy
inducer, a decade after it was reported as the first Crohn's disease risk gene.* Given this,
chances are that further autophagy regulators might hide in the many currently unexplored
genetic risk loci. As an ostensibly disease-specific, genetically affected biological process,
autophagy stands out within all the genetic heterogeneity of IBD,! where the vast majority
of risk loci (and computationally inferred genes and pathways) is shared between Crohn's
disease and UC,1 and with other immune-related diseases that have phenotypically little in
common with Crohn's disease.> Understanding how autophagy risk genes and their variants
contribute to Crohn's disease pathogenesis holds the promise of unravelling some of the
secrets of this disease.

Autophagy (or “self-eating") represents a basic function of all cell types wherein it serves an
essential homeostatic function or is induced by the needs associated with metabolic changes
such as starvation or the removal of microbes (xenophagy) (reviewed in ref 6). ATG16L1 or
NOD?2 risk variants, which are functionally hypomorphic due to missense and frame-shift
mutations, are associated with a secretory defect in Paneth cells in patients with Crohn's
disease,’® and this phenotype correlates well with that observed in murine genetic models.89
Although genetic deletion of Nod2 has been associated with changes in intestinal microbial
ecology,10 neither hypomorphic or absent ATG16L1 or NOD2 function leads to any form of
spontaneous intestinal inflammation in murine model systems.89 This has left the critical
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question unresolved whether these alterations in Paneth cell granule formation are
mechanistically relevant or just an epiphenomenon.

The unfolded protein response (UPR) is another fundamental and essential cell biological
process critical in allowing a cell to deal with its secretory responsibilities and in the
resolution of endoplasmic reticulum (ER) stress (reviewed in ref 11). Recently, an important
clue in understanding the role of autophagy in Crohn's disease came from a study which
demonstrated that autophagy compensates for ER stress in Paneth cells.12 In that study, ER
stress was induced via deletion of the UPR transcription factor X box binding protein-1
(Xbp1) in the intestinal epithelium,12 which resulted in autophagosome formation in Paneth
cells via a mechanism that involved eukaryotic translation initiation factor 2a, (elF2a).12
When this compensatory function of autophagy was lost via genetic deletion of Atg16l1 or
Atg7 in the intestinal epithelium, mice developed discontinuous transmural ileitis, with
knife-like inflammation to the muscularis propria and serosa, which was reminiscent of early
fissuring ulcerations and fistulous tracts typically seen in Crohn's disease.? This was a
consequence of massive overactivation of the ER stress sensor inositol requiring enzyme l1a
(IRE1a) due to the inability of ATG16L1 and autophagy to remove inflamed ER
membranes.12 IRE1a in turn set in motion a cascade of events that involved nuclear factor
kB (NFkB) signalling in intestinal crypts along with epithelial cell death downstream of a
microbial signal, which converged on spontaneous inflammation that required tumour
necrosis factor receptor type 1 signalling.12 Importantly, genetic experiments unequivocally
revealed that Paneth cells were the originators of this Crohn's disease-like inflammation in
the small intestine of mice.12

Deuring et al3 report an intriguing study which demonstrates that carriers of the ATG16L1
risk variant exhibit ER stress in their Paneth cells. Specifically, the authors show that
patients with quiescent Crohn's disease and healthy individuals homozygous or
heterozygous for the ATG16L1 risk allele exhibit staining for GRP78, an ER chaperone and
specific marker of ER stress, specifically in Paneth cells.13 Moreover, they demonstrate that
in patients harbouring the ATG16L1 risk variant, the phosphorylated form of eukaryotic
translation initiation factor 2a (elF2a) is present in Paneth cells, and elevated levels of
NFxB p65 are detectable in crypts that exhibit evidence of ER stress.13 This careful study
uses genetic stratification to elegantly demonstrate that the hypomorphic ATG16L1 risk
allele is associated with ER stress in Paneth cells. These findings are in remarkable
congruence with observations made in the aforementioned murine model,}2 where genetic
deletion of Atg16l1 in the intestinal epithelium resulted in GRP78 expression in Paneth cells
along with increased splicing of Xbp1,12 which is a consequence of IRE1a activation. The
current study by Deuring et al3 lends substantial weight to the validity of the murine model
and the cause-effect relationships and pathophysiological insights derived through that
model, including the identification of Paneth cells as originators of intestinal inflammation
in small intestinal Crohn's disease.12

The induction of ER stress as a consequence of the hypomorphic function of the ATG16L1
risk gene product does fortunately not suffice to induce Crohn's disease, as revealed from the
data by Deuring et al13 as well as from the murine model system of Atg16l12/EC or
Atg1611HM mice.812 This is important as ~50% of the normal population carries the

Gut. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kaser and Blumberg

Page 3

ATG16L1 risk allele.! However, when environmentally induced* and/or genetically
determined ER stress in the intestinal epithelium, such as due to (rare) XBP1 or (common)
ORMDL3 risk variants,14 affects a carrier of the ATG16L1 risk variant that lacks the
capacity to mount an effective compensatory autophagic response and/or disrupts the
compensation provided by the UPR in the setting of hypomorphic autophagy function, small
intestinal Crohn's disease may commence out of Paneth cells.12

Interestingly indeed, the intestinal epithelium of Crohn's disease (and also UC), even in the
non-inflamed state, exhibits evidence of ER stress, 1415 and the preva lence of this
observation makes it unlikely that this is solely, or even primarily, caused by genetic risk
factors that map to the UPR. Rather, the common occurrence of ER stress in IBD may
reflect the effects of a variety of environmental factors that are a consequence of the disease
such as inflammation per se or possibly even causative factors involved in risk for disease
development.1* In accordance with this observation is also the common induction of
autophagy, again specifically in Paneth cells, irrespective of the presence of genetic risk
factors in autophagy genes.18 Autophagy and the UPR may therefore constitute a highly
integrated “superpathway', operative within Paneth cells and that may be at the basis of a
significant subset of patients with small intestinal Crohn's disease.
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