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Understanding Crohn’s disease through genetics
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Crohn’s disease (CD) is a chronic
inflammatory bowel disease (IBD) with
an eitologically complex pathology. Cur-
rent evidence implicates dysregulation of
the immune response to intestinal micro-
flora and a parallel defect in maintenance
of the epithelial barrier." The host genetic
makeup is a key variable that underlies
risk of disease, as highlighted by genome-
wide association studies (GWAS). This,
along with positive evidence for an impact
of industrialization on IBD incidence
strongly suggests that, in addition to
genetic factors, host — environment inter-
actions need to be tightly controlled to
prevent mucosal inflammation.”

GWAS have highlighted disease-associ-
ated susceptibility loci associated with regu-

lators of innate immunity (NOD2/
CARDI15, RIPK2, TLR4, CARD?Y,
ICOSLG, CD40, LGALSY), adaptive

immunity (IL23R, IL18RAP, RORC,
IL10, PTPN22, IFNARI, STAT3), epithe-
lial  barrier  function/stress  response
(MUC1, XBP1, IBDS5), and autophagy
(ATG16L1, LRRK2, IRGM)." Autophagy
is a highly conserved and fundamental cyto-
solic recycling pathway that has the poten-
tial to impact the numerous cellular
processes including cellular metabolism,
turnover of cytosolic cargo (i.e. damaged
organelles, cytotoxic aggregates), growth
factor/cytokine secretion and intracellular
pathogen clearance that are perturbed in
Crohn’s disease.”

A missense variant in the autophagy
gene ATGIGLI (rs2241880) has been
consistently associated with increase inci-
dence of Crohn’s disease. This variant
results in an amino acid change of Thr-
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300-Ala (T300A) in exon 9 of human
ATGI6L1.> By performing multiple
sequence alignments of ATG16L1 exon 9
across species, the presence of a highly
conserved putative caspase cleavage sub-
strate  spanning amino acids 296-299
(296-DNVD-299) was observed.* Previ-
ous work has demonstrated that Glycine,
Serine, or Alanine are preferred at the PI’
site of a caspase cleavage substrate.” We
hypothesized that the T300A variant
would therefore be more sensitive to Cas-
pase-mediated cleavage at D299. This was
demonstrated first by cell-free assays of i
vitro translated human ATGI1G6L1B har-
boring the non-risk (T300), risk (A300)
and non-cleavable (D299E) variants in
exon 9. Next, using primary macrophages
from healthy donors and a murine knock-
in model of the T300A variant, Caspase 3
activation by death receptor stimulation
was shown to result in enhanced
ATGI6LI processing in the presence of
the Crohn’s disease risk variants. Knock
caspases
revealed Caspase 3 as the relevant protease
needed for ATGI6L1 processing, and this

was confirmed in primary macrophages

down of individual effector

cultured from Caspase 3 knockout mice.
Thus, the presence of a Crohn’s disease
risk variant and caspase-activating condi-
tions results in enhanced degradation of
ATGI6LI, as also demonstrated by Las-
sen et al. (Fig. 1).° Compatible with the
importance of this pathway in disease,
loss-of-function mutations in X-linked
Inhibitor of Apoptosis (XIAP), a negative
regulator of Caspase 3 activation and
NOD1/2 signaling, have been associated
inflammatory bowel disease.”

While
active as a cellular recycling program, it is
strongly upregulated upon cellular stress

constitutively

autophagy s

conditions such as nutrient starvation or
infection with intracellular pathogens.
Consistently, defective autophagosome
biogenesis in murine and human cells
expressing the T300A variant of
ATGI16L1 was correlated with induction
of Caspase 3 activation upon starvation.*
Defective autophagosome biogenesis fur-
ther impacts bacterial clearance by xen-
ophagy, an evolutionarily conserved, cell
autonomous anti-bacterial defense pro-
gram. Host-microbe interactions in the
intestinal  microenviroment in  turn
strongly influence the onset and progres-
sion of IBD by controlling inflammation
and dysbiosis, a state where pathogenic
microbial strains bloom; these are usually
suppressed under healthy conditions.
Defective clearance of intracellular bacte-
ria, dysbiosis and inflammation act in con-
cert to precipitate IBD. Genetics further
contributes to disruption of intestinal
homeostasis as the T300A variant of
ATGIG6LI impairs clearance of the enteric
pathogen Yersinia enterocolitica in the
ileum, a region of the small intestine com-
monly affected in Crohn’s disease. In
T316A knock-in mice, reduced clearance
of Y.enterocolitica was evidenced by

increased colonization in mesenteric
lymph nodes following oral administra-
tion of the pathogen. Thus the Crohn’s
in ATGIGL1

results in defective autophagy following

disease-associated variant

nutrient starvation or infection with an
ileal pathogen, further emphasizing the
importance of this pathway in disease.*®
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Figure 1. Interaction between IBD-associated genes coordinates gut inflammation. The T300A vari-
ant sensitizes ATG16L1 to processing by Caspase 3, which is inhibited by XIAP. Autophagy regulates
processes such as pathogen sensing and ER-stress responses arising from misfolded proteins. Poly-
morphisms in NOD2 or loss of the ER-stress regulator XBP1 may coordinate with the T300A variant

of ATG16L1 to sustain an inflammatory intestinal microenvironment .

The successes of adalimumab and eta-
nercept, inhibitors of tumor necrosis fac-
tor a, in treating IBD, highlights a central
role of this inflammatory cytokine in
disease.”

Crohn’s Further upstream,
understanding how autophagy proteins
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macrophages produced elevated levels of
IL-1B, TNF and IL-6 upon infection with
live bacteria. Second, TNF levels corre-
lated with intracellular bacterial survival,
as no elevation in TNF was observed
when T300A knock-in macrophages were
infected with heat-killed bacteria. On the
other hand, IL-6 and IL-1B levels were
elevated even under comparable loads of
killed bacteria.” These observations raise
the intriguing possibility that innate
inflammatory signaling downstream of
specific pathogen stimuli may also be reg-
ulated by ATG16L1 genotype.

Recent studies have proposed func-
tional cooperation between IBD associ-
ated genes (Fig. 1). Interactions between
NOD?2 and ATGIGLI seem to regulate
cytokine production following recognition
peptidoglycan,
autophagy mitigates chronic ER-stress
induced by loss of XBP1 in intestinal epi-
thelial cells.” These studies reveal the
molecular pathways that are regulated at

of bacterial whereas

multiple nodes by IBD associated genes
and provide critical clues for new thera-
peutic  targets  and

diagnostics.
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