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Multifactorial Mechanisms of Rotavirus-induced

Vomiting and Diarrhea

1) Multifactorial mechanisms of rotavirus-induced
vomiting and diarrhea from studies of RV NSPs
* Vomiting: Serotonin-activation of the enteric
nervous system
© * Malabsorptive Diarrhea: Loss of polarized epithelial
cell tight junctions and cell integrity;
downregulation of host proteins; cell death
* Degradation of DGAT1
* Secretory Diarrhea: Viral enterotoxin; increased
unteroendocrine cell cytoplasmic calcium
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Unexpected Functions of Nonstructural Proteins in Pathogenesis
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Rotavirus Replicates in Viroplasm/Lipid Droplets

Viroplasms (virus factories) are cytoplasmic sites of genome replication and
immature particle assembly

Viroplasm formation requires:
— RV non-structural proteins NSP2 and NSP5

— Lipid droplets - induced by infection - HOW?
VNSP2 NSP5

weit Viroplasm

Adapted from Criglar, 2014 Sue Crawford



dNSP2, but Not VNSP2, Interacts with Host DGAT1

Proteomics analysis — DGAT1 interacts with NSP2 o Diglyceride acyltra nsferase 1
Input .

____________ put (DGAT1) is an ER membrane

Mock RV g0

protein

* DGAT1 is the rate-limiting enzyme

Acyl-CoA and in triglyceride synthesis

= \/NSP2 diacylglycerol
* Newly synthesized TGs accumulate

between the ER lipid bilayer and
form a lens-like structure

Cytoplasm e

IP: DGAT1

* LDs bud into the cytoplasm by an
unknown mechanism

s ANSP2 - early, dispersed

VNSP2 - viroplasm-associated



DGAT1 Silencing Increases RV Yield and Viroplasm Formation
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Increased viral yields correlate with increased disease?



DGAT1 Deficiency in Humans
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DGAT1 Deficiency in Humans
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|dentification and characterization of a novel DGAT1

 |Intractable, sometimes life- threatenlng dlarrhea and nutrient
malabsorption

* Intestinal biopsies from DGAT1 deficient children showed:
 Loss of apical trafficking of key ion transporters to the enterocyte brush border

« Mislocalization of tight junctional proteins
 Increased levels of diacylglycerol and phospholipids
* Villus blunting

[ o Low fat diet reverses these deficits
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Mislocalized Brush Border Enzymes, lon transporters, Actin Binding
Proteins and Barrier Function Proteins in RV-infected Cells
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RV-mediated DGAT1-degradation in HIEs Mimics DGAT1
Deficiency in Children

Increased levels of diacylglycerol and phospholipids v v
Villus blunting (epithelial thinning) v v
Mislocalized brush border transporter & junctional proteins v v
Trafficking of these proteins is altered v v
DGAT degradation shuts off host protein translation (elF2a-P) unknown v

RV-mediated DGAT1 degradation is a previously
unrecognized mechanism of RV-induced diarrhea

Under revision, PNAS



Human Intestinal Enteroids (HIEs)
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*Pioneered by Sato and Clevers (The Netherlands)

*Tissue-derived cultures — HIEs

*Non-transformed, indefinite passaging, reflect genetics of donor (miniguts, avatars)
*All epithelial cell types — enterocytes, goblet cells, enteroendocrine, Paneth cells
*Physiologically active; made from different intestinal segments

*Complexity and organization of the epithelium

*Able to be genetically modified



DGAT1 KO Enteroids: a New Tool to Understand

Human Intestinal Physiology

DGAT1 KO HIE

PO o 0
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B « Grow more slowly

 How does DGAT1 degradation mediate
reprogramming of lipid metabolism?

Isomaltase

 Are DGAT1 degradation and altered lipid
metabolism responsible for the severity of
rotavirus-induced disease?




NSP4 — A Membrane Anchored Calcium Agonist,

Viroporin Calcium Channel, and Enterotoxin.
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Studying Ca?* Signaling During Virus Infections
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Perry et al. Methods 2015; Chang-Graham et al. Sci Rep 2019; Chang-Graham et. al. Science 2020



Rotavirus Ca%* Waves are Mediated by Paracrine Signaling to P2Y1 Purinergic Receptors
Does P2Y1 activation regulate mechanisms of RV gastroenteritis?

eNSP4 and
Purinergic
Signaling?
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OSUv
Severe

Attenuated Porcine RV NSP4 Produces Fewer Ca%* Waves
* OSUv (virulent)

Correlates with Reduced Rotavirus-induced Fluid Secretion
Diarrhea

Recombinant mono-reassortant
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~ 0.04 hours

Chang-Graham et al, Sci Rep 2019



Successful Expression of Full-Length Functional NSP4

Studies to determine the structure of the Full-Length NSP4 protein are in progress

Will this be a pentamer or tetramer?




Enteroids are a Pre-clinical Platform for Studying Factors
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HIEs Mimic Vaccine Interference Seen in Infants
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Virus-Like Particles (VLPs) as Vaccines

Routes: Oral, Intranasal, Intramuscular, Intramammary v  VLPs

Diarrhea Models Infection Models l
Active Passive

Immunization Immunization

v’ Preclinical

l

First Defense® Tri-Shield™
Immucell — Veterinary

Biotechnology Company
USDA approved, Nov 2017
Colostrum from cows
immunized with 2/6/7 VLPs

First approved rotavirus
VLP vaccine!
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Can a Correlate of Protection be Found Among the Structural

Components of the Rotavirus Triple-Layered Particle or NSP4?
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Multifactorial Mechanisms of Rotavirus-induced

Vomiting and Diarrhea

1) Multifactorial mechanisms of rotavirus-induced
vomiting and diarrhea from studies of RV NSPs

* Vomiting: Serotonin-activation of the enteric nervous
system

 Malabsorptive Diarrhea: Loss of polarized epithelial cell
ion transporters; downregulation of host proteins
* Degradation of DGAT1

e Secretory Diarrhea: Viral enterotoxin;
increased cytoplasmic calcium

 Novel ADP signaling

2) Enteroid models for rotavirus vaccine studies
3) Non-replicating VLP vaccine & correlates of protection

4) Viral Tropism- enterocytes, enterondocrine & Tuft cells
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