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Disruption of pituitary-liver UPR interaction contributes to NAFLD

Objective

Delineate the molecular mechanisms by which obesity-
associated pituitary endocrine dysfunction contributes to 
NAFLD

Methods
• Bulk and single-cell RNA-Sequencing analyses of the 

pituitary gland and the liver from mice with diet-
induced obesity;

• Mice with genetic gain or loss of IRE1-sXBP1 function 
in the pituitary or the liver;

• Activation of hepatic thyroid hormone signaling in mice 
with obesity.

Conclusions

Dysregulation of pituitary hormone-mediated pituitary-
liver unfolded protein response communication drives 
NAFLD.

Qian and Yang, et al., Abstract 1.
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1Abstract 26037: DISRUPTION OF PITUITARY-LIVER UPR INTERACTION CONTRIBUTES TO NAFLDAuthors: Dr. Qingwen Qian1, Mark Li1, zeyuan Zhang1, Dr. Shannon Davis2, Dr. Kamal Rahmouni3, Dr. Andrew W Norris4, Dr. Wen- Xing Ding5, Dr. Huojun Cao6 and Dr. Ling Yang1, (1)Foe Diabetes Center, Department of Anatomy and Cell Biology, University of Iowa, (2)University of South Carolina, (3)Department of Neuroscience and Pharmacology, University of Iowa, (4)Department of Internal Medicine, University of Iowa, (5)Pharmacology, Toxicology and Therapeutics, University of Kansas Medical Center, (6)Iowa Institute for Oral Health Research, University of Iowa College of Dentistry�Abstract TextBackground: The hepatic immuno-metabolic response is tightly controlled by hormones released from pituitary endocrine cells that rely on an intact endoplasmic reticulum (ER) function. Although abnormal pituitary hormone levels are positively correlated with the incidence of non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) in rodents and humans, the molecular mechanisms underlying the cell autonomous defect of pituitary hormone production are incompletely resolved.Methods: This study has employed bulk and single-cell RNA-Sequencing analyses, cellular and molecular biological methods, chemical or genetic approaches for gain and loss function of genes of interest, and in vivo mouse metabolic profiling.Results: We found that obesity, the major risk factor for NAFLD, impairs pituitary ER homeostasis by suppressing the inositol- requiring enzyme-α (IRE1α)-mediated adaptive unfolded protein response (UPR). Furthermore, IRE1α deficiency in the anterior pituitary gland impaired pituitary hormone production, augmented obesity-associated systemic metabolic abnormalities as well as NASH progression. Intriguingly, disruption of the pituitary UPR resulted in impaired hepatic UPR signature which was in part due to a defective thyroid hormone receptor (THR)-mediated activation of X-box binding protein 1 (Xbp1). Using genetic gain-of sXBP1 function in the anterior pituitary approach, we further showed that ameliorating adaptive pituitary improved the disruption of hepatic and systemic metabolic homeostasis in IRE1α pituitary KO mice with diet-induced obesity. Notably, activation of the hepatic THR signaling, by using a liver-specific THR agonist (MGL-3196), significantly improved hepatic steatosis, insulin resistance, and the impaired hepatic ER homeostasis in obese mice with anterior pituitary-IRE1α deficiency. Lastly, in the liver, overexpression of sXBP1 improved the metabolic defects in IRE1α pituitary-deletion mice.Conclusion: Together, our study provides the first insight into how dysregulation of pituitary hormone-mediated inter-organ UPR communication drives obesity-associated pathologies. Such knowledge is expected to uncover new targets for developing therapies for NAFLD. 
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Reduction in alcohol preference and intake is transmitted through colonization of germ-free 
mice with stools from AUD patients that received fecal microbiota transplant

Objective 
• Determine if drinking behavior improvement in humans after 

FMT could be transmitted to mice and determine microbial 
taxa associated with these changes

Methods
• Stools from humans pre- and post-FMT were used to 

colonize male germ-free (GF) mice and drinking behavior 
over 2 days were studied and linked with microbiota 
composition (experimental design)

Main Findings 
• There was a reduction in total and binge alcohol intake in 

mice that were colonized with post-FMT stools versus pre-
FMT stools, that was linked with Ruminococcaceae and a 
higher microbial diversity 

Conclusions
• FMT may be a promising therapy for reducing alcohol intake 

and craving and transfer of microbiota rich in 
Ruminococcaceae are associated with lower intake and 
preference for alcohol in germ-free mice.

P=0.009

Blue=negative linkage
Red=positive linkage

Bajaj J, et al., Abstract 3.
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3Abstract 27207: REDUCTION IN ALCOHOL PREFERENCE AND INTAKE IS TRANSMITTED THROUGH COLONIZATION OF GERM-FREE MICE WITH STOOLS FROM AUD PATIENTS THAT RECEIVED FECAL MICROBIOTA TRANSPLANTAuthors: Jennifer T Wolstenholme1, Justin Saunders1, Dr. Huiping Zhou, PhD2, Jason D Kang1, Dr. Phillip B. Hylemon3, Javier Maeso1, Andrew Fagan4, Maren Smith1, Derrick Zhao2, Masoumeh Sikaroodi5, Jeremy Herzog6, Marcela Pena7, Ryan Balfour Sartor8, Patrick M Gillevet5 and Jasmohan S. Bajaj9, (1)Virginia Commonwealth University, (2)Microbiology and Immunology, Virginia Commonwealth University, (3)Microbiology and Immunology, Virginia Commonwealth University School of Medicine, (4)Mcguire VA Medical Center, (5)George Mason University, (6)University of North Carolina, (7)Laboratory for the Diagnosis of Emerging and Reemerging Diseases (LaDEER), University Center for Health Sciences, University of Guadalajara, (8)University of North Carolina at Chapel Hill, (9)Virginia Commonwealth University and Richmond VA Medical Center�Abstract TextBackground: Few successful treatments for alcohol-use disorders (AUD) are available, highlighting a need for precision-based approaches. In cirrhosis, the altered gut-brain axis responds to fecal microbiota transplant (FMT) which could be a promising therapeutic approach to reduce drinking and craving for alcohol. In a Phase 1, double-blind, randomized clinical trial, we previously found that FMT from a donor enriched in beneficial Lachnospiraceae & Ruminococcaceae into men with alcohol-related cirrhosis significantly reduced craving and alcohol intake compared to pre-treatment with favorable microbial and cognitive changes.Methods: To test whether FMT can act as a therapy to reduce craving, mice were gavaged with fecal microbiota material from the same patients described above (Fig A). 30 germ-free male C57BL/6 mice received microbiota combined from patients prior to FMT (pre-FMT) or microbiota from the same patients following FMT (post-FMT). Initial ethanol acceptance, intake and preference were measured using a 2-bottle choice ethanol drinking assay. A bottle of ethanol (20% v/v) and water were placed on each mouse’s cage and readings were taken at 2 (binge), 24 and 48 hours. Stool were collected for 16SrRNA sequencing 15 days post-colonization and 18 hours after alcohol access. Correlation networks between bacteria and alcohol preference/intake were performed.Results: Alcohol preference/intake: Exposure to post-FMT stool significantly reduced initial ethanol acceptance, and 24-hour ethanol intake and preference compared to those who got pre-FMT material (Fig B/C).Microbiota: Diversity was lower pre-alcohol in mice colonized with pre-FMT vs post-FMT stool. Reduction of diversity after alcohol was greater in pre- vs post-FMT stool recipients (Fig D). LEfSe: (Fig E) showed greater Ruminococcaceae (healthy human donor constituent), post-FMT stool while Enterobacteriaceae were lower. Post-alcohol in Post-FMT mice there was still an increase in beneficial taxa but not in those that received Pre-FMT stools. Correlation network (Fig F) showed negative linkage between Ruminococcaceae & alcohol intake/preferenceConclusion: FMT may be a promising therapy for reducing alcohol intake and craving and transfer of microbiota rich in Ruminococcaceae are associated with lower intake and preference for alcohol in germ-free mice.  (click here to view image online)  
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Probiotic Lactobacillus rhamnosus GG-derived exosome-like nanoparticles (LDNPS) protect 
against alcohol-associated liver disease through the intestinal miR194-FXR-FGF15-mediated bile 
acid synthesis pathway in mice

Aim

• To investigate whether Lactobacillus rhamnosus GG-
derived exosome-like nanoparticles (LDNPs) 
attenuate ALD through regulation of intestinal FXR-
FGF15 signaling in mice

Methods

• C57BL/6 and intestinal epithelial cell specific Fxr 
knockout (Fxr∆IEC ) mice were subjected to NIAAA 
binge-on-chronic alcohol exposure. Control mice were 
pair-fed maltose-dextrin in substitution of ethanol. 

Conclusions

• Our results demonstrate that LDNP treatment inhibits 
alcohol-induced liver injury by suppressing intestinal 
miR194 and improving BA profile that led to an 
activated Fxr-Fgf15 signaling and suppressed BA de 
novo synthesis in alcohol-associated liver disease.

Jiang M, et al., Abstract 4.

Main Findings 
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Alcohol disrupted intestinal miR194-FXR-FGF15 signaling and 
increased liver BA synthesis and injury, which was suppressed 
by LDNPs

The beneficial effect of LDNPs 
is abolished in Fxr∆IEC mice 
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4Abstract 28462: PROBIOTIC LACTOBACILLUS RHAMNOSUS GG -DERIVED EXOSOME-LIKE NANOPARTICLES (LDNPS) PROTECT AGAINST ALCOHOL-ASSOCIATED LIVER DISEASE THROUGH REGULATION OF THE INTESTINAL miR194- FXR-FGF15-MEDIATED BILE ACID SYNTHESIS PATHWAY IN MICEAuthors: Mengwei Jiang1,2, Ms. Fengyuan Li2, Lihua Zhang2, Dr. Craig J. McClain, MD, FAASLD2 and Dr. Wenke Feng2, (1)Pharmacology and Toxicology, University of Louisville, (2)Medicine, University of Louisville�Abstract TextBackground: Patients with alcohol-associated liver disease (ALD) often exhibit manifestations of cholestasis, a liver pathology defined by accumulation of hepatic bile acids (BAs). BA metabolism is regulated by farnesoid X receptor (FXR)-fibroblast growth factor 15/19 (FGF15/19) signaling in the intestine and liver. In this study, we aimed to investigate whether Lactobacillus rhamnosus GG -derived exosome-like nanoparticles (LDNPs) attenuate ALD through regulation of intestinal FXR-FGF15 signaling in mice.Methods: C57BL/6, Fgf15 knockout (Fgf15-/-), and intestinal epithelial cell-specific Fxr knockout (FxrΔIEC) mice were subjected to NIAAA model binge-on-chronic alcohol exposure. LDNPs were administered to mice in last 3 days of the 10-day course of alcohol exposure. Mouse ileal organoid culture was transfected with miR194 mimic/inhibitor, and Fxr and Fgf15 expression was examined.Results: Binge-on-chronic alcohol feeding significantly increased hepatic fat accumulation and serum ALT and AST levels. Liver and serum BA contents were significantly higher in alcohol-fed mice compared to pair-fed mice. Hepatic Cyp7a1 expression and serum C4, a biomarker for BA de novo synthesis, were increased by alcohol exposure, indicating an elevated hepatic de novo BA synthesis. Interestingly, intestinal mRNA expression of Fxr and Fgf15 was markedly reduced by alcohol feeding, as were serum FGF15 protein levels. Importantly, intestinal miR194 expression was upregulated by alcohol feeding. In vitro intestinal epithelial organoid study showed that a miR194 mimic decreased, and a miR194 inhibitor, increased Fxr mRNA expression, indicating that miR194 regulates intestinal Fxr expression. In addition, we found that fecal FXR agonists were significantly decreased while FXR antagonist was increased in ALD mice. These results suggest alcohol feeding negatively regulates intestinal miR194-FXR-FGF15 signaling.Notably, LDNPs administration completely inhibited the alcohol-induced increase in miR194 and decrease in Fxr mRNA expression, leading to increased Fgf15 expression and decreased de novo hepatic BA synthesis and liver injury. However, the beneficial effects of LDNPs were eliminated in Fgf15-/- and FxrΔIEC miceConclusion: Our results demonstrate that LDNPs reverse/prevent alcohol-induced liver injury by modulating intestinal miR194-FXR– FGF15 signaling pathway and suppression of BA de novo synthesis (Supported by NIAAA F31 (MJ), R01 (WF), and P50(CM)). 
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The portal mesenchymal stem cell niche in liver fibrosis
Aim

Identify portal mesenchymal progenitors of liver myofibroblasts, 
distinct from HSCs

Methods

• scRNAseq of portal mesenchymal cells isolated from mouse 
bilio-vascular tree.

• Selection of surface markers based on scRNAseq to sort 
portal fibroblasts with mesenchymal stem cell features 
(PMSCs) and analyze their phenotype and transcriptome in 
vitro.

• Design of oligogene signatures of PMSCs and HSCs with little 
variation across their myofibroblastic (MF) differentiation to 
assess their expansion potential in murine and human liver 
fibrosis.

• FISH of a prototypical gene of PMSC signature (SLIT2)

Conclusions

PMSCs, a small population of portal fibroblasts with stem cell 
features and a perivascular portal distribution, form a reservoir of 
expansive myofibroblasts, contrarily to HSCs, underlying liver 
fibrosis in all types of liver disease.

Lei L, et al., Abstract 5.
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5Abstract 28274: THE PORTAL MESENCHYMAL STEM CELL NICHE IN LIVER FIBROSISAuthors: Dr. Lin Lei1, Dr. Alix Bruneau2, Dr. Haquima El-Mourabit1, Justine Guégan3, Dr. Trine Folseraas4, Dr. Sara Lemoinne1, Prof. Tom H. Karlsen, MD, PhD5, Bénédicte Hoareau6, Dr. Ester Gonzalez-Sanchez1, Dr. Claire Goumard7, Vlad Ratziu8, Pierre Charbord9, Dr. Jeremie Gautheron1, Prof. Frank Tacke, MD, PhD10, Dr. Thierry Jaffredo9, Dr. Axelle Cadoret1 and Prof. Chantal Housset1, (1)Sorbonne Université, Inserm, Centre De Recherche Saint-Antoine, Paris, France, (2)Charité Universitätsmedizin Berlin, (3)ICM, (4)Oslo University Hospital Rikshospitalet, Norwegian PSC Research Center, Division of Cancer, Surgery and Transplantation, Department of Transplantation Medicine,, (5)Norwegian PSC Research Center, Oslo University Hospital, (6)Sorbonne Université, Paris, France, (7)Aphp, Unité De Chirurgie Hépatobiliaire Et Transplantation Hépatique, Hôpital Pitié Salpêtrière, Boulevard De l’Hôpital 47-83 75013 Paris. Sorbonne Université, Inserm, Institute of Cardiometabolisme and Nutrition (ICAN), Paris France. Sorbonne Université,, (8)Service D'hépato-Gastroentérologie, Hôpital Pitié-Salpêtrière, Paris, France, (9)Ibps, Paris, France, (10)Department of Hepatology and Gastroenterology, Charité Universitätsmedizin Berlin�Abstract TextBackground: In liver fibrosis, myofibroblasts derive from hepatic stellate cells (HSCs) and as yet poorly defined mesenchymal (stem) cells. The aim of this study was to identify portal mesenchymal progenitors of myofibroblasts.Methods: Portal mesenchymal cells were isolated from the bilio-vascular tree of mouse liver and analyzed by single-cell RNA- sequencing. Based on this analysis, a minimal set of surface markers was designed and used to isolate mesenchymal cells that generate portal myofibroblasts. Markers of these cells and derived myofibroblasts, as compared to HSCs, were discovered by bulk RNA-sequencing and used to examine their fate in murine and human liver fibrosis.Results: We uncovered the landscape of portal mesenchymal cells in the mouse homeostatic liver. Trajectory analysis enabled inferring a small cell population further defined by surface markers used to isolate it. This population consisted of portal mesenchymal stem cell-like cells (PMSCs) according to their mesenchymal stem cell attributes (high clonogenicity and tri-lineage differentiation potential), able to generate portal myofibroblasts. We identified a 7-gene expression signature, including Slit2, a factor of HSC activation and vascular stability, that demarcates PMSCs and their myofibroblast progenies, as opposed to HSCs and HSC- derived myofibroblasts as well as other liver cell types. Using this signature and SLIT2 expression, we showed that PMSCs display a perivascular portal distribution in homeostatic liver and largely expand with fibrosis progression, contributing to the myofibroblast populations that form fibrotic septa and sustain their vascular scaffold, in murine and human liver disorders, of both cholestatic and non-cholestatic origin. We also unraveled a 7-gene expression signature of HSCs and derived myofibroblasts that did not vary in these disorders, consistent with a low proliferation rate of these cells.Conclusion: We have uncovered PMSCs, a small cell population with stem cell features and a perivascular portal distribution, as a highly expansive cell population underlying liver fibrosis progression in different types of liver disease.   
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Circulating microRNAs improve early diagnosis of bacterial infections in 
acute decompensation of liver cirrhosis

Objective Sepsis represents a major cause of morbimortality in cirrhotic patients, but its 
diagnosis is challenging due the non-specific inflammation associated with 
decompensated cirrhosis. MicroRNAs (miRs) could be relevant biomarkers in sepsis. 
Therefore, we aimed at identifying circulating miR signatures associated with (i) bacterial 
infection-triggered acute decompensation (AD) and predictive of (ii) secondary infections 
and (iii) mortality in these patients. 

Methods Prospective observational study including patients with alcohol, dysmetabolic or 
post-HCV related cirrhosis, in AD (sepsis-triggered or not) or with compensated cirrhosis; 
profiling of plasma miRs performed with the Nanostring nCounter® technology. 

Main Findings The 1-month mortality was 23.5% for the sepsis group and 7.4% for the 
non-sepsis group. Thirty-four miRs were differentially detected (DD) between the 2 
groups (Fig. 1a) (p<0.05). A composite score including neutrophils, C reactive protein 
(CRP) and miR-362-3p could diagnose bacterial infection with an AUC of 0.83 (95% CI: 
0.67-0.98; p < 0.001) and outperformed each of its components taken separately (Fig. 
1b). Furthermore, 127 miRs were DD between AD patients developing nosocomial 
infections and AD patients without suspected or confirmed sepsis during the 
hospitalization and who were not treated with antibiotics (Fig. 2). Five miRs could predict 
6-months overall survival in AD independently of MELD score (example of let-7g, Fig 3).

Conclusions

Circulating miRs might be useful to improve early bacterial infection diagnosis and 
outcomes prediction in patients with AD of liver cirrhosis.

Chouik Y, et al., Abstract 49.
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49Abstract 29512: CIRCULATING microRNAs IMPROVE EARLY DIAGNOSIS OF BACTERIAL INFECTIONS IN ACUTE DECOMPENSATION OF LIVER CIRRHOSISAuthors: Dr. Yasmina Chouik1,2, Dr. Fanny Lebossé1,2, Dr. Marie-Laure Plissonnier1, Mrs. Camille Boucheny3, Dr. Miroslava SubicLevrero2, Dr. Domitille Erard2, Dr. François Villeret2, Dr. Céline Guichon4, Dr. Kerstin Hartig-Lavie2, Dr. Teresa Antonini2, Dr. Audrey Payancé5, Prof. Pierre-Emmanuel Rautou6, Prof. Fabien Zoulim1,2 and Prof. Massimo Levrero1,2, (1)Inserm U1052 - Cancer Research Center of Lyon (CRCL), Lyon, France, (2)Department of Hepatology, Croix-Rousse Hospital, Hospices Civils De Lyon, France, (3)Centre De Recherche Clinique, Hospices Civils De Lyon, (4)Intensive Care Unit, Croix-Rousse Hospital, Hospices Civils De Lyon, France, (5)Hepatology, Hopital Beaujon, (6)Service D'hépatologie, Dmu Digest, Hôpital Beaujon, AP-HP, Clichy, France�Abstract TextBackground: Acute decompensation (AD) represents a major cause of hospital admission and mortality in cirrhotic patients and the presence of bacterial infections are associated with a worsen prognosis. The early diagnosis of sepsis is made difficult by the non- specific inflammation associated with decompensated cirrhosis. Circulating microRNAs (miRs) have shown interest in the diagnosis of sepsis in the general population but no data have been reported for cirrhotic patients. We aimed at profiling circulating miRs in AD and identifying miR signatures associated with sepsis.Methods: We prospectively included 81 patients with alcohol, dysmetabolic or post-hepatitis C virus-related cirrhosis in 2 university hospitals in France. Inclusion criteria were: a) hospitalization for AD with sample collection within 72 hours of admission (n = 57) andb) compensated cirrhosis (n = 24) referred to as pathological controls (PC). Diagnosis of bacterial infection was made according to previously published criteria. Circulating miRs were profiled in plasma samples on a Nanostring® platform, allowing the simultaneous detection and digital quantification of 798 miRs.Results: We found a major dysregulation of circulating miRs in the AD cirrhosis group, with 96 miRs differentially detected (DD) as compared to the PC group (p<0.05). Gene Set Enrichment Analysis (GSEA) of the 31 top DD miRs shows a strong over- representation of these miRs in cancer pathways. After exclusion of 9 patients with uncertain sepsis, 17 patients with confirmed bacterial infection at inclusion and 31 patients without sepsis were compared. The 1-month mortality was 23.5% for the sepsis group and 7.4% for the non-sepsis group. Thirty-four miRs were DD between the 2 groups (Figure, left panel) (p<0.05). A composite score including neutrophils, C reactive protein (CRP), interleukin-8 and 5 miRs (miR-362-3p, miR-3144-3p, miR-4454+miR7975, miR-612) could diagnose bacterial infection with an AUC of 0.869 (95% CI: 0.757-0.980; p < 0.001) and outperformed each of its components taken separately (Figure, right panel). The signaling pathways associated with these miRs included host-pathogen interactions, fibrogenesis and circadian rhythm. Finally, we found that 126 miRs were DD between AD patients developing nosocomial infections and AD patients without suspected or confirmed sepsis during the hospitalization and who were not treated with antibiotics. Most of the top DD miRs in this group were involved in the regulation of immune responses.Conclusion: Circulating miR are strongly dysregulated in AD of cirrhosis as compared to compensated cirrhosis and might be useful to improve early bacterial infection diagnosis and outcomes prediction in these patients.     (click here to view image online)



Hypothesis/Aim/Objective

• We determined if ammonia-induced mitochondrial 
dysfunction causes skeletal muscle senescence 
and if ammonia lowering can reverse senescence 
associated molecular phenotype 

Conclusion

• Ammonia is a mediator of skeletal muscle senescence and 
ammonia-lowering therapies have the potential to reverse 
SAMP and sarcopenia in cirrhosis. 

Hyperammonemia induces cellular senescence causes mitochondrial dysfunctions 
are reversed by ammonia lowering in skeletal muscle

Methods

• Global molecular responses were determined by analysis of 
unbiased data including RNAseq; β-galactosidase activity, 
staining, expression of P16INK, P21, and phosphorylated 
P53 (pP53) were used as senescence-associated molecular 
phenotype (SAMP) in myotubes and gastrocnemius muscle 
from rats.

Kumar A, et al., Abstract 51.
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51Abstract 30294: HYPERAMMONEMIA-INDUCED MITOCHONDRIAL DYSFUNCTION CAUSES SKELETAL MUSCLE SENESCENCE AND SARCOPENIA WHICH ARE REVERSED BY AMMONIA LOWERING INTERVENTIONSAuthors: Dr. Avinash Kumar1, Dr. Nicole Welch1, Dr. Saurabh Mishra1, Ms. Annette Bellar1, Dr. Rafaella Silva Nasciemento1, Dr. Shashi Shekhar Singh1, Dr. Jinendiran Sekar1, Dr. Amy Attaway2, Dr. Aruna Kumar Chelluboyina1, Dr. Ling Li3, Dr. Charles Hoppel4, Dr. Belinda Willard5, Dr. Gangarao Davuluri6 and Dr. Srinivasan Dasarathy1, (1)Inflammation and Immunity, Cleveland Clinic Foundation, (2)Cleveland Clinic Foundation, (3)Department of Proteomics, Cleveland Clinic Lerner Research Institute,(4)Pharmacology, Case Western University, (5)Proteomics Core, Cleveland Clinic, (6)Integrated Physiology and Molecular Mechanism, Pennington Biomedical Research Center�Abstract TextBackground: Sarcopenia in cirrhosis has been suggested to be due to accelerated senescence but this has not been experimentally validated. Ammonia, a cytotoxic metabolite, is a mediator of the liver-muscle axis. Muscle hyperammonemia causes skeletal muscle mitochondrial oxidative dysfunction, a known mediator of post-mitotic senescence. We determined if ammonia-inducedmitochondrial dysfunction causes skeletal muscle senescence and if ammonia-lowering can reverse senescence associated molecular phenotype (SAMP).Methods: Differentiated murine C2C12 myotubes were treated with ammonium acetate (AmAc) for 24h followed by ammonia withdrawal (WD) for 24h. In vivo studies were performed in the hyperammonemic portacaval anastomosis (PCA) and sham operated rats treated with/without rifaxmin/L-ornithine-L-aspartate daily by oral gavage for 28 days for lowering ammonia in vivo. Globalmolecular responses were determined by analysis of unbiased data including RNAseq and untargeted whole cell and isolatedmitochondrial proteomics by LC-MS/MS. β-galactosidase activity and staining, expression of P16INK, P21 and phosphorylated P53 (pP53) were used as SAMP in myotubes and gastrocnemius muscle from rats.Results: Unbiased analyses showed distinct clusters of molecular responses in untreated, AmAc and WD myotubes. Integrating whole cell transcriptome with whole cell and mitochondrial proteome from hyperammonemic myotubes identified oxidativedysfunction and senescence pathways as being the most enriched with differentially expressed genes/proteins. In the whole cell proteome in the “baseline return” with WD cluster, there was functional enrichment of protein synthesis signaling pathways including EIF2, mTOR, and p70S6k signaling. In the isolated mitochondrial proteome we found that glycolysis and gluconeogenesis wereamong the unique pathways that were enriched in the “baseline return” with WD cluster. In hyperammonemic myotubes and muscle tissue from PCA rats, SAMP was experimentally quantified. Increased β-galactosidase activity in myotubes and muscle tissue, β- galactosidase staining in myotubes and greater expression of P16INK, P21 and pP53 protein expression in both hyperammonemic myotubes and in the gastrocnemius muscle of PCA rat were observed. Ammonia lowering reversed skeletal muscle SAMP andsarcopenia in hyperammonemic myotubes and muscle tissue.Conclusion: Ammonia is a mediator of skeletal muscle senescence, contributes to sarcopenia in cirrhosis, and ammonia lowering therapies have the potential to reverse mitochondrial-dysfunction associated SAMP and sarcopenia in cirrhosis. �(click here to view image online)
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Thrombospondin-2 as a biomarker for non-alcoholic 
steatohepatitis and advanced liver fibrosis
Aims

It is clinically important to non-invasively identify non-alcoholic 
steatohepatitis (NASH) and advanced fibrosis. We sought for their 
noninvasive biomarkers.

Methods

We performed whole-transcriptome analysis of liver tissues from 98 
NAFLD patients and sought for secreted proteins that identify patients 
with NASH or advanced fibrosis. We examined the usefulness of 
serum levels of candidate proteins to identify patients with NASH or 
advanced fibrosis among 213 NAFLD patients. 

Main Findings

Intrahepatic thrombospondin-2 mRNA levels showed the highest 
AUROC of 0.915 and 0.957 for diagnosing NASH and advanced 
fibrosis, respectively.

Serum levels of thrombospondin-2 were also significantly elevated in 
NASH and advanced fibrosis patients of the other cohort and AUROC 
for diagnosing NASH and advanced fibrosis was 0.776 and 0.856, 
respectively.

Serum TSP-2 could stratify NAFLD patients according to the risk of 
adverse hepatic outcomes.

Conclusions

THBS2/TSP-2 is a novel biomarker for NASH and advanced fibrosis 
in NAFLD patients and could be a potential therapeutic target of liver 
fibrosis.

RNA-Seq identifies Thrombospondin-2 as a useful gene
for differentiating NASH and advanced liver fibrosis

Thrombospondin-2
diagnosis of advanced fibrosis

Hepatic THBS2 mRNA levels and ROC curves
among 98 Japanese NAFLD patient 

diagnosis of NASH

Hepatic THBS2 mRNA levels and ROC curves
among other 206 European cohort

Serum TSP-2 levels and ROC curves
among other 213 Japanese NAFLD patient 

diagnosis of NASH diagnosis of advanced fibrosis

Serum TSP-2 levels could stratify NAFLD patients
according to the risk of hepatic complications

Kozumi K, et al., Abstract 73.
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73Abstract 29716: THROMBOSPONDIN-2 AS A BIOMARKER FOR NONALCOHOLIC STEATOHEPATITIS AND ADVANCED LIVER FIBROSISAuthors: Dr. Kazuhiro Kozumi1, Dr. Takahiro Kodama2, Dr. Ryoko Yamada1, Dr. Hayato Hikita1, Dr. Ryotaro Sakamori2, Dr. Tomohide Tatsumi1 and Prof. Tetsuo Takehara1, (1)Department of Gastroenterology and Hepatology, Osaka University, Graduate School of Medicine, (2)Department of Gastroenterology and Hepatology, Osaka University Graduate School of Medicine�Abstract TextBackground: Nonalcoholic fatty liver disease (NAFLD) is becoming a major cause of end-stage liver disease and it is clinically important to noninvasively identify cases of nonalcoholic steatohepatitis (NASH), which can lead to disease progression, and cases of advanced fibrosis, which is associated with high mortality. We searched for their noninvasive biomarkers by omics analysis.Methods: We performed whole-transcriptome analysis of liver tissues from 98 biopsy-proven NAFLD patients. We identified a variety of secreted proteins, gene expressions of which were significantly upregulated in NASH and/or advanced fibrosis. We examined the diagnostic potential of the candidate protein for NASH and/or advanced fibrosis using serum of 213 histologically characterized NAFLD patients.Results: Unsupervised hierarchical clustering well distinguished NASH from nonalcoholic fatty liver (NAFL), and NASH patients exhibited molecular abnormalities reflecting their pathological features. Transcriptomic analysis identified thrombospondin-2 (TSP- 2), encoded by the thrombospondin 2 (THBS2) gene, as proteins upregulated in NASH and/or advanced fibrosis (stage F3-4).Intrahepatic THBS2 mRNA levels showed the highest areas under the receiver operating characteristic curve (AUROC) of 0.915 and 0.957 for diagnosing NASH and advanced fibrosis, respectively. THBS2 positively correlated with inflammation and ballooning according to NAFLD activity score (NAS), serum AST and hyaluronic acid (HA) levels, and NAFLD Fibrosis Score (NFS). THBS2 was associated with extracellular matrix and collagen biosynthesis, platelet activation, caspase-mediated cleavage of cytoskeletal proteins, and immune cell infiltration. Serum TSP-2 expression was also significantly higher in NASH than in NAFL and increased parallel to fibrosis stage. The AUROC for diagnosing NASH and advanced fibrosis was 0.776 and 0.856, respectively. Serum TSP-2 positively correlated with NAS, serum AST and HA levels, and NFS. Serum TSP-2 was an independent predictor of NASH and advanced fibrosis in multivariate analysis and additionally stratified NAFLD patients according to the risk of adverse hepatic outcomes.Conclusion: Through global transcriptome analysis, we discovered and validated THBS2 and its encoding secreted protein TSP-2 as a diagnostic marker for NASH and advanced fibrosis in a large cohort of histologically characterized NAFLD patients.
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Aging reduces liver resiliency by dysregulating Hedgehog signaling
Hypothesis During aging, signaling that assures hepatocyte resiliency becomes defective, 
resulting in impaired liver regeneration and thus enhanced vulnerability to liver damage

Methods

• Compare hepatocyte responses to a regenerative challenge (70% partial hepatectomy, 
PHx) in old and young mice to identify differences in regenerative responses, gene 
expression, and signaling pathways. 

• Manipulate the candidate signaling pathway in young mice; repeat regenerative 
challenge; determine if this reproduces the impaired regenerative phenotype that was 
noted in the old mice.

• Identify plausible targets of the dysregulated signaling pathway that mediate loss of 
resiliency/impaired regeneration.

Main Findings

• Liver regeneration is effective and accompanied by significant activation of the Hedgehog 
signaling pathway in young mice. 

• Liver regeneration is inhibited in old mice; old mice also exhibit lower Hedgehog pathway 
activity than young mice before PHx and fail to increase Hedgehog signaling after PHx.

• In young mice, disrupting hepatocyte Hedgehog signaling (by deleting Smoothened, Smo) 
phenocopies defective regenerative responses of old mice.

• Deleting Smo in young hepatocytes rapidly evokes mitochondrial dysfunction and 
telomere shortening (responses that are evident in old hepatocytes and which are known 
to inhibit cellular resiliency during aging).

Conclusions

• Disrupting Hedgehog signaling in hepatocytes reduces hepatocyte resiliency and 
promotes liver degeneration.

Diaz RM, et al., Abstract 151.
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151Abstract 27204: AGING REDUCES LIVER RESILIENCY BY DYSREGULATING HEDGEHOG SIGNALINGAuthors: Dr. Raquel Maeso Díaz1, George D Dalton1, Dr. Seh-Hoon Oh2, Dr. Kuo Du2, Linda Tang1, Ms. Tianyi Chen2 and Dr. Anna Mae Diehl, MD, FAASLD1, (1)Medicine, Duke University, (2)Duke University�Abstract TextBackground: Liver regeneration is critically important for maintaining organ homeostasis and determines the outcome of injury. Liver regeneration is impaired with aging but the underlying mechanism is still not well understood. The Hedgehog pathway is a conserved pathway, well known for its mitogenic and morphogenic functions during development. Dysregulation of the hedgehog pathway, a stress-inducible ‘developmental’ program, could explain why aging undermines recovery from injury, i.e., tissue resiliency. The present study evaluates the hypothesis that hedgehog signaling becomes dysregulated in hepatocytes during aging, resulting in impaired regeneration and therefore, enhanced vulnerability to damage/dysfunction, i.e., decreased resiliency.Methods: 70% partial hepatectomy (PH) was performed on young (~ 2 month old) and old (~ 2 year old) wild type mice and floxed Smo mice treated with AAV8-TBG luciferase (Smo (+) mice) and or AAV8-TBG-Cre vectors (Smo (-) mice) to conditionally delete Smo specifically in hepatocytes. Mice were sacrificed at 0h and 24, 48, 72, or 96 h after PH to obtain either liver tissue or primary hepatocytes. Proliferation and Hedgehog pathway markers were evaluated using established methods for immunostaining, qRTPCR, and Western blot. Global transcriptome profiling of hepatocytes from young, old, Smo (+) and Smo (-) mice at 0 and 48h after PH was performed by RNA-seq.Results: Old livers have fewer hepatocytes proliferating after a regenerative challenge. Hedgehog signaling pathway components including Shh, Smo and Gli2 are significantly downregulated in old hepatocytes before and after a regenerative challenge. Deleting Smo in healthy young hepatocytes before PH prevents hedgehog pathway activation after PH and delays liver regeneration, as shown by inhibited recovery of liver-to-body weight ratio and decreased induction of Cyclin D1 and FoxM1. GO analysis demonstrated that compared to their respective controls, both old and Smo (-) hepatocytes had significant suppression of signaling pathways that control liver growth including the insulin-like growth factor, TGF-b, Wnt and NOTCH signaling pathways. Liver growth (cell proliferation, regulation of cell cycle progression and homeostasis of number of cells), cell maintenance (regulation of cell shape, cellular component maintenance, chromatin remodeling) and metabolic (glucose homeostasis, cholesterol homeostasis, regulation of lipid transport) pathways were significantly downregulated in both old and Smo (-) hepatocytes.Conclusion: Hedgehog signaling becomes dysregulated in hepatocytes during aging, resulting in impaired liver regeneration and therefore, enhanced vulnerability to damage/dysfunction, i.e., decreased resiliency. �(click here to view image online) 



Slides are the property of the author and AASLD. Permission is required from both AASLD and the author for reuse.

Splicing machinery landscape characterization in hepatocellular 
carcinoma reveals a central role of EIF4A3 in hepatocarcinogenesis
Aim

• To explore the putative dysregulation, role, and clinical 
implications of the splicing machinery in HCC

Methods
• Expression array of spliceosome components and splicing 

factors in human HCC samples and functional and molecular 
characterization of EIF4A3 silencing in vitro and in vivo.

Main Findings
• 42% of analyzed spliceosome components and splicing factors 

were dysregulated in tumoral tissue, wherein EIF4A3, ESRP2, 
SRPK1, and RBM3 showed the highest clinical implications.

• EIF4A3 silencing in vitro and in vivo reduced HCC 
aggressiveness through the modulation of the expression and 
splicing of many genes, including FGFR4, blunting 
FGFR4/FGF19 signaling.

Conclusions
• The splicing machinery is profoundly dysregulated in HCC, 

wherein it may represent a promising source of novel 
diagnostic, prognostic, or therapeutic targets.

Hermán-Sánchez N, et al., Abstract 154.
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154Abstract 29576: SPLICING MACHINERY LANDSCAPE CHARACTERIZATION IN HEPATOCELLULAR CARCINOMA REVEALS A CENTRAL ROLE OF EIF4A3 IN HEPATOCARCINOGENESISAuthors: Ms. Natalia Hernan-Sanchez1, Mr. Juan L. López Cánovas1, Ms. Mª Trinidad Moreno-Montilla1, Dr. Mercedes Del Rio- Moreno1, Dr. Marina E. Sánchez-Frias2, Mr. Victor Amado3, Dr. Rubén Ciria4, Dr. Javier Briceño4, Dr. Manuel De La Mata3, Dr. Manuel Luis Rodriguez Peralvarez3, Prof. Raúl M. Luque1 and Dr. Manuel D. Gahete1, (1)Department of Cell Biology, Physiology and Immunology, Maimónides Institute of Biomedical Research of Córdoba (IMIBIC), Córdoba, Spain, (2)Pathological Anatomy Service, Reina Sofía University Hospital, Córdoba, Spain, (3)Department of Hepatology and Liver Transplantation, Reina Sofía University Hospital, Córdoba, Spain, (4)Unit of Hepatobiliary Surgery and Liver Transplantation, Reina Sofía University Hospital, Córdoba, Spain�Abstract TextBackground: Hepatocellular carcinoma (HCC) is associated with the expression of aberrant splicing of oncogenic variants involved in tumor development/progression. A dysregulation of the machinery responsible for the splicing process (spliceosome) could be responsible for these alterations. Here, we explored the putative dysregulation and role of key spliceosome components (SCs) in HCC.Methods: Expression (mRNA/protein) of key (n=72) SCs and clinical implications were assessed in HCC patients with different aetiologies from two retrospective (n=154 and n=172) and six in silico [TCGA (n=369), Wurmbach (n=45), Roessler (n=43), Roessler- 2 (n=445), Chen (n=179) and Mas (n=57)] cohorts. Gene Set Enrichment Analysis (GSEA) and mutational landscape were analysed in TCGA patients. Functional and molecular consequences of siRNA-mediated EIF4A3-silencing were evaluated in liver-derived cell lines (HepG2, Hep3B, SNU-387) and in vivo in Hep3B-induced xenograft tumours. RNAseq from EIF4A3-silenced HepG2 cells was analysed.Results: A consistent, significant dysregulation in the expression of several SCs (mRNA/protein) was found in HCC vs. control- tissues in all cohorts. Among them, EIF4A3, RBM3, ESRP2 and SRPK1 were the SCs more profoundly dysregulated in tumour samples. Expression levels of these SCs were associated with clinical (survival, recurrence) and molecular (e.g., oncogenic splicing variants alteration) parameters of aggressiveness. Particularly, EIF4A3 was robustly overexpressed in all HCC cohorts and associated with alterations in key cancer-related pathways (e.g., cell cycle and mitosis) and with relevant mutations (CTNNB1, TP53). Furthermore, EIF4A3-silencing reduced proliferation, migration and tumorsphere/colony formation in vitro, modulated HCC-derived cell lines sensitivity to standard clinical treatments (e.g., Lenvatinib) and, it reduced tumoral growth in vivo. RNAseq showed that EIF4A3-silencing altered the expression and splicing pattern of genes involved in RNA splicing, translational initiation and metabolic- processes, including key genes associated to HCC (e.g., FGFR4). In fact, in vitro assays demonstrated that EIF4A3 controls FGFR4 splicing and, thus, is implicated in the pro-oncogenic signalling triggered by FGF19/FGFR4.Conclusion: The splicing machinery is profoundly dysregulated in HCC, wherein it may represent a promising source of novel diagnostic, prognostic or therapeutic targets.  
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Aim

• To directly investigate the relationship between 
microtubule modification by acetylation or 
acetaldehyde adduction to defects in hepatic protein 
trafficking

Methods

• The confirmed ethanol-induced microtubule 
modifications (acetylation and adduct formation) were 
produced in WIF-B cells by overexpressing tubulin 
specific acetylase (αTAT1) or by treating with 
acetaldehyde directly followed by monitoring selected 
trafficking steps. 

Conclusion

• Ethanol-induced microtubule modification by 
acetylation or adduct formation can both explain 
known alcohol-induced defects in protein trafficking 
possibly through competing for modification of the 
same lysine residues.

Microtubule modifications that alter protein trafficking are 
an early marker for alcohol-induced liver injury

Ethanol Exposure

WIF-B cells, Rat liver and Human liver

- 2-3X increase in tubulin acetylation
- accumulation of tubulin/protein-acetaldehyde adducts

αTAT1 overexpression 
in WIF-B cells

Direct addition of 
acetaldehyde to WIF-B cells 

impaired ASGP-R clathrin-mediated 
internalization 

contribution to hepatic injury

45%       basolateral secretion of albumin               27%  

40%      basolateral-to-apical APN transcytosis       47%  

Adhikari R, et al., Abstract 155.
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155Abstract 30088: MICROTUBULE MODIFICATIONS THAT ALTER PROTEIN TRAFFICKING ARE AN EARLY MARKER FOR ALCOHOL-INDUCED LIVER INJURYAuthors: Mr. Raghabendra Adhikari and Dr. Pamela L. Tuma, Department of Biology, The Catholic University of America�Abstract TextBackground: The liver is the major site of ethanol metabolism and is most susceptible to injury from chronic alcohol consumption. By itself, alcohol is not hepatotoxic; rather, its metabolites and metabolic byproducts are linked to promoting liver injury. In the hepatocyte, ethanol is converted to acetaldehyde (AA) by alcohol dehydrogenase (ADH). Alcohol is also metabolized by CYP2E1 which produces AA, but along with highly reactive oxygen and hydroxyethyl radicals. Many of these reactive metabolites can readily covalently modify proteins, DNA, and lipids. More recently, alcohol exposure has been shown to induce protein post-translationalmodifications. In particular, numerous proteins are known to be lysine hyperacetylated upon ethanol exposure. Thus, one hypothesis for alcohol-induced hepatotoxicity is that the accumulated covalent modifications from chronic alcohol consumption disrupt thenormal function of hepatic macromolecules leading to hepatic dysfunction and injury. Tubulin is one of the major targets for suchmodifications. Our previous work has correlated alcohol-induced tubulin acetylation to defects in polarized hepatic protein trafficking. Our current studies questioned whether tubulin acetylation or AA adduction alone or together can directly explain alcohol-induced defects in protein trafficking. We also asked whether tubulin acetylation was present in human samples.Methods: Acetylation was induced by overexpressing the tubulin specific acetyltransferase αTAT1 in polarized hepatic WIF-B cells while AA was added directly to cells to induce adduction. Minus- and plus-end directed microtubule-dependent protein trafficking was assessed. Human liver samples obtained from the Live On Nebraska (a Donate Life Organization) were immunoblotted withmodification-specific antibodies to determine levels of protein modification.Results: Both aTAT1 expression and acetaldehyde treatment significantly impaired microtubule-dependent secretion, transcytosis and clathrin-mediated endocytosis. Interestingly (and somewhat surprisingly), each modification led to similar levels of impairment as observed in ethanol-treated cells. Remarkably, in human liver, rat liver and cultured WIF-B cells, tubulin acetylation was increased 2-3X in the ethanol-exposed samples. Interestingly, patients with NAFLD showed no increased acetylation.Conclusion: Our findings suggest that tubulin modifications are not additive but that they likely “compete” for critical lysines leading to defects in protein trafficking. Is this true for other hepatic proteins? As tubulin acetylation is evident only in alcoholic liver, our results are clinically relevant and that changing cellular acetylation levels may be a feasible treatment approach for alcoholic liver disease. 
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Emergence of highly fibrogenic Lrat+Fbln2+ hepatic stellate 
cell subpopulation in alcoholic hepatitis

Hypothesis/Aim/Objective 

• Unique Hepatic Stellate Cell (HSC) subsets exist in 
alcoholic hepatitis (AH)

Methods
• Isolated VitA+ and VitA- Col1a1-GFP+ cells via FACS 

for scRNA sequencing.

• Use of LratCre;mTmG mice subjected to the AH 
regimen for genetic lineage tracing.

Conclusions
• The Lrat+Fbln2+ HSC subset reflects HSC plasticity, 

arising from Lrat+HSCs.

• Lrat+Fbln2+ HSCs are highly fibrogenic and may be 
considered as a therapeutic target.

Fujiwara R, et al., Abstract 171.
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171Abstract 27218: EMERGENCE OF HIGHLY FIBROGENIC LRAT+FBLN2+ HEPATIC STELLATE CELL SUBPOPULATION IN ALCOHOLIC HEPATITISAuthors: Reika Fujiwara1,2, Steven Balog2, Stephanie Q Pan2, Kinji Asahina2 and Hidekazu Tsukamoto2, (1)University of Michigan,(2)Southern California Research Center for Alpd and Cirrhosis, University of Southern California�Abstract TextBackground: Hepatic stellate cells (HSC) and portal fibroblasts (PF) undergo myofibroblastic (MFB) activation to participate in liver fibrosis. Recent scRNAseq analysis has begun revealing their subsets in normal and diseased livers. However, such subsets in alcoholic hepatitis (AH) have not been characterized particularly in relation with the vitamin A (VitA) storage status.Aim: We aimed to identify at the single cell resolution, VitA+ and VitA- activated HSC (aHSC) and PF (aPF) subpopulations in the mouse model of AH in comparison with those from mouse bile duct ligation model (BDL).Methods: To isolate VitA+ or VitA- aHSC and aPF, Col1a1-GFP Tg mice underwent the intragastric feeding AH regimen for 7 wk or BDL for 2 wk to induce comparable F2 fibrosis in the perivenular vs. periportal area. Liver mesenchymal cells were sorted by FACS for VitA and GFP to collect VitA+GFP+ vs. VitA-GFP+ cells for scRNAseq. To trace Lrat+ cells in AH, LratCre;Rosa26mTmG mice underwent AH for cryosection IHC for GFP. AH patient and normal human liver sections were immunostained.Results: FACS detected 20% VitA+GFP+ aHSC and 78% VitA-GFP+ cells in AH in contrast to 70% VitA+GFP+ and 13% VitA-GFP+ in BDL, suggesting a marked increase in VitA-depleted aHSC in AH. Indeed, scRNAseq confirmed 93% of these VitA-GFP+ cells were Lrat+Thy1-Fbln2- aHSC. scRNAseq of VitA+GFP+ aHSC identified a novel Lrat+Thy1-Fbln2+ subset which expanded 44-fold in AH and 23-fold in BDL vs. controls. In VitA-GFP+ cells, Lrat2+Fbln2+ cells also increased but to a less extent in both models (2-8x). Lrat- Fbln2+ aPF increased 3x only in BDL. Regardless of VitA status, Lrat+Fbln2+ vs. Lrat+Fbln2- cells in AH and BDL, had 3-10x higher expression of fibrogenic genes (Col1a1, Col1a2, Timp1, Lox, Acta2); 2-4x less HSC markers (Reln, Fcna, Colec10, Angptl6), 7-15x higher MFB markers (S100a6, Mgp, Gas6), and 3-5x higher immunoregulatory genes (C3, Saa3). We identified 53 DRGs commonly upregulated in VitA+ and VitA- Lrat+Fbln2+ vs. Lrat+Fbln2- in AH, including Lnc2, Smoc2, Serpine2, Dpt implicated in MFB and fibrosis but also Tm4sf1, Clmp, Tmem119, etc with unknown functions in liver fibrosis. Lrat+Thy1+ cells were not as abundant and fibrogenic as Lrat+Fbln2+ cells. These data suggested Lrat+Fbln2+ cells were aHSCs phenotypically shifted toward MFB. Supporting this notion, the tracing of Lrat+ cells in LratCre;Rosa26mTmG mice, detected GFP+FBLN2+ cells in fibrotic septa and in the boundary of injured areas of AH livers but not in control. IHC of AH patient livers detected strong FBLN2 staining along the outer most fibrogenic edges of septa comprising LRAT+ cells.Conclusion: In AH and less in BDL, there is a prominent emergence of highly fibrogenic Lrat+Fbln2+ subpopulation which appears to originate from Lrat+ HSCs via MFB cell fate shift as a manifestation of HSC plasticity. Lrat+Fbln2+ subpopulation may be considered as a novel therapeutic target for liver fibrosis in AH.
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Modulation of a gut neuroimmune circuit can alter 
NAFLD development in a murine high-fat diet model
Hypothesis/Aim/Objective
• Investigate the modulation of VIP neuron and type 3 

Innate Lymphoid Cells neuroimmune circuit for the 
control of diet-induced NAFLD development in a pre-
clinical model

Methods
• Murine genetic and chemogenetic models placed on 

high-fat diet (HFD) to induce NAFLD development.
Main Findings 
• IL-22 production by ILC3 was reduced in animals 

under HFD.
• Mice lacking VIPR2 in ILC3 exhibited higher IL-22 

production vs WT littermates under HFD. This genetic 
blockage of VIPen-ILC3 interaction reduced both the 
development of liver steatosis and increased body 
weight associated with this diet. 

• Global VIPen inhibition using chemogenetic approach 
also resulted in significant reduction in hepatic 
steatosis under HFD.

Conclusions
• Modulation of the VIPen-ILC3 neuroimmune axis can 

ameliorate the development of hepatic steatosis.
Nguyen H, et al., Abstract 184.
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184Abstract 26165: MODULATION OF A GUT NEUROIMMUNE CIRCUIT CAN ALTER NAFLD DEVELOPMENT IN A MURINE HIGH FAT DIET MODELAuthors: Dr. Henry Nguyen1,2, Dr. Jhimmy Talbot1, Dayi Li1, Dr. Varsha Raghavan1 and Dr. Dan R. Littman1, (1)Molecular Immunology, New York University, (2)Medicine, University of Calgary Snyder Institute for Chronic Diseases�Abstract TextBackground: Non-alcoholic fatty liver disease (NAFLD) is becoming increasingly prevalent globally. A hallmark of NAFLD is the accumulation of fat deposits in the liver, which chronically can lead to lipotoxicity and alterations in hepatic functions. Interventions that can play an adjunct role in the control of lipid accumulation in the liver in NAFLD are needed. We had previously observed that an intestinal neuroimmune interaction formed by vasoactive intestinal peptide-producing enteric neurons (VIPens) and type 3 innate lymphoid cells (ILC3) controls the efficiency of lipid absorption from the diet. When VIPens are activated, they inhibit interleukin-22 (IL- 22) production by intestinal ILC3, through engagement of the receptor VIPR2. Importantly, inhibition of IL-22 production leads to an increase in intestinal uptake of dietary lipids. Therefore, we investigated if modulation of this neuroimmune circuit allows for the control of diet-induced NAFLD in a pre-clinical model.Methods: NAFLD was induced by exposure to a high fat diet (HFD) for up to 16 weeks in various genetically modified mice. These included wild-type C57Bl/6 mice, mice in which ILC3 lacked the ability to respond to VIPens (Rorc(t)CreVipr2fl/fl) as well as mice in which activation of VIPens can be controlled using chemogenetic approaches (VipIres-CrehM4DiLSL/+). Using these mice, we evaluated the hepatic and systemic effects in modulation of the VIPen-ILC3 neuroimmune circuit during exposure to HFD.Results: We observed that IL-22 production by ILC3 was reduced when animals were exposed to a HFD compared to mice under normal diet (ND). However, mice which selectively lack VIPR2 in ILC3 exhibited higher IL-22 production than WT littermates under HFD. This genetic blockage of VIPen-ILC3 interaction also reduced both the development of liver steatosis and increased body weight associated with this diet. Moreover, global VIPen inhibition using the chemogenetic approach also resulted in significant reduction in hepatic steatosis under HFD.Conclusion: In a preclinical model of diet-induced NAFLD, modulation of the VIPen-ILC3 neuroimmune axis can ameliorate the development of hepatic steatosis. This highlights that neuroimmune modulation, specifically inhibition of VIPergic signaling, can be a potential therapeutic avenue to control NAFLD. 
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Copper transporter ATP7B modulate susceptibility to
anti-tuberculosis drug-induced liver injury (AT-DILI)
Aim
To identify predisposing genetic factors of AT-DILI

Methods
• Exploratory study in 112 patients using next-generation 

sequencing for 380 pharmacogenes and replication study in 165 
patients

• In vitro toxicity assay using HepG2 wild-type and ATP7B knock-
down cells

Main Findings
• NAT2 ultra-slow acetylator genotypes (UAs) independently 

increased the risk of AT-DILI (OR 5.6 [2.5-13.2], P = 7.2×10-6).
• ATP7B 832R/R (rs1061472) showed co-occurrence with NAT2 

UAs (P = 0.017) and amplified the risk (OR 32.5 [4.5-1423], P = 
7.5×10-6).

• Copper amplifies INH toxicity up to ~3,500-folds and ATP7B
dysfunction increases the toxicity in HepG2 cells.

Conclusions
Copper transporter ATP7B 832R/R combined with NAT2 UA 
increases susceptibility to AT-DILI via synergistic toxicity between Cu 
and INH.

ATP7B as a risk modifier in AT-DILI

Yoon J, et al., Abstract 229.
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229Abstract 25512: SYNERGISTIC TOXICITY OF COPPER AND ISONIAZID CAUSE ISONIAZID- INDUCED HEPATOTOXICITYAuthors: Jihoon Yoon1,2, Soon Sung Kwon1, Dong Geon Jang1, Jung Woo Yu1, Jaeseong Oh3, In-Jin Jang3, Sang-Hoon Kim4, Young-Koo Jee5, Hyun Lee6, Dong Won Park6, Jang Won Sohn6, Ho Joo Yoon6, Chul Hoon Kim1, Sang-Heon Kim6 and Min Goo Lee1, (1)Yonsei University College of Medicine, (2)Boston Children's Hospital, Harvard Medical School, (3)Seoul National University College of Medicine and Hospital, (4)Eulji University School of Medicine, (5)Dankook University College of Medicine, (6)Hanyang University College of Medicine�Abstract TextBackground: Drug-induced liver injury (DILI) caused by anti-tuberculosis (TB) medication is the major adverse drug event (ADE) resulting in drug discontinuation and poor clinical outcomes. However, related genetic factors and the underlying mechanisms have not yet been elucidated.Methods: Genetic association analysis was conducted for an exploratory cohort comprising 112 TB patients (35 DILI, 77 controls) by sequencing 403 pharmacokinetic (PK)/pharmacodynamic (PD) genes and the ancestry-matched population control (Korea1K; n=1,048). The identified high-risk genotypes were validated in an additional replication cohort of 155 participants (27 DILI, 128 controls). An in vitro model with HepG2 wild-type and ATP7B knockdown cells was established to demonstrate the role of copper in the development of INH-induced hepatotoxicity. The global distribution of high-risk genotypes was explored among 27 different populations using the Korea1K and the 1000 Genome (n=2,535) database.Results: The co-occurrence of NAT2 ultra-slow acetylators (UA; *6/*6, *6/*7, and *7/*7) and ATP7B K832R (rs1061472) homozygotes amplified the risk of INH-induced hepatotoxicity both in the exploratory and validation cohort. The in vitro experiments demonstrated remarkably potentiated toxicity resulting from the interaction of copper and INH, which are regulated by ATP7B and NAT2 functions, respectively. Decreased ATP7B activity resulted in greater toxicity in HepG2 cells implying the consequence of ATP7B loss-of-function variants. The population frequencies of being both the ATP7B 832R/R and NAT2 UA were well-correlated with the globally reported incidences of INH-induced hepatotoxicity, providing genetic-epidemiological evidence.Conclusion: Our study sheds light on the crucial role of copper and suggested highly susceptible genotypes to INH-induced hepatotoxicity. These findings provide genotype-guided preventive and therapeutic strategies for DILI during anti-TB treatments.  (click here to view image online)
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