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Autophagy Down-Regulates NLRP3-Dependent Inflammatory
Response of Intestinal Epithelial Cells

Activation of AMPK-Induced Autophagy Attenuates Apoptotic
Degeneration in Retinal Pigment Epithelial Cells
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Dysregulation of inflammation induced by noninfectious stress conditions,
such as nutrient deprivation, causes tissue damage and intestinal
permeability, resulting in the development of inflammatory bowel
diseases. We investigated the effect of autophagy on cytokine secretion
related to intestinal permeability under nutrient deprivation. Activation
of NLRP3 inflammasomes, which were excessively activated in the
short-term exposure to starvation, was diminished during the induction
of autophagic process in the long-term exposure to starvation. When
autophagy was inhibited, starvation-induced NLRP3 inflammasomes
and IL-1β production were significantly enhanced. A prolonged nutrient
deprivation resulted in an increased epithelial mesenchymal transition
(EMT), leading to intestinal permeability. Under the nutrient deprivation
condition, IL-17E/25, which is secreted by IL-1β release, increased
epithelial permeability through enhanced EMT. Thus, our results
suggest that upregulation of autophagy maintains the intestinal barrier
by suppressing the activation of NLRP3 inflammasomes and the release
of their products, including proinflammatory cytokines IL-1β and
IL-17E/25 under nutrient deprivation.

Diabetic condition often causes nutrient deprivation and subsequent
accumulation of oxidative stresses in retinal pigment epithelium (RPE),
resulting in diabetic eye disease and age-related macular degeneration
(AMD). During these stressful conditions, RPE is degenerated with
accumulated dysfunctional protein aggregates. However, these protein
and damaged organelle aggregates are readily disposed by macroautophagy
to maintain cellular protein homeostasis. Despite of autophagic
proteostasis in RPE, cellular apoptosis occurs due to prolonged stress
conditions. We investigated whether these apoptosis and autophagy are
mediated by AMPK. We observed that AMPK acts as the main regulator
of cell survival and death metabolism in RPE cells with its two priming
phosphorylation steps. The first step occurring during the short-term (<
12h) starvation is that AMPK activates autophagy, resulting in
degradation of the apoptotic markers such as Noxa, Bmf, and p53. The
second step under prolonged starvation causes AMPK to induce apoptosis
that leads to RPE degeneration. Given that this AMPK-autophagyapoptosis axis plays a crucial role in determining cell fate, we suggest
that apoptosis was accelerated in RPE cells under nutrient deprivation
condition when autophagy is inhibited or overactivated.
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NLRP3 inflammasome is a critical intracellular component of the innate
immune system composed of the NLRP3 protein, procaspase-1, and
ASC. It engages in activation of caspase-1 and secretion of IL-1β and
IL-18 in response to broad range of stimuli from pathogen-associated
molecular patterns (PAMPs) and danger-associated molecular patterns
(DAMPs). We hypothesized that macroautophagy, a homeostatic
mechanism that removes unnecessary or dysfunctional organelles
through a lysosomal degradation pathway, downregulates NLRP3
activation in intestinal epithelial cells under inflammatory stimulating
condition with PAMPs and DAMPs. We observed that induction of
macroautophagy with Torin1 causes NLRP3 inflammasome components,
NLRP3 and ASC to be degraded in intestinal epithelial cells under
inflammatory condition. During the progression of autophagy,
degradation of macroautophagy marker, p62 was coincidental with
decrease in NLRP3 and ASC expression in the cells under inflammatory
condition exerted by LPS. Based on these observations, we currently
investigate whether TRAF6 and MARCH7 are involved in ubiquitination
and subsequent recruitment of inflammasome components such as
NLRP3 and ASC to autophagy receptor, p62 in intestinal epithelial cells
under inflammatory condition.
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Food preference is a fundamental behavior, which allows animals to
choose nutritious foods, while rejecting toxic foods. In this protocol, we
describe two-way choice feeding assays (binary food choice assay) and
new technique for ingestion assay (DrosoX) using Drosophila melanogaster.
These are simple, sensitive, and reproducible methods that detect
preference or aversive characteristics of the food. We expect that these
assays are sufficient to study mechanism behind molecular and cellular
behavioral response towards any tastants.
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