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Key events in steatotic liver disease (SLD
Shared natural history

Chronic injury * Genetic polymorphisms
e Viral infection » Epigenetic marks

® Alcohol » Cofactors (such as

* NASH obesity and alcohol)

* Autoimmune disorders
» Cholestatic disorders
* Metabolic diseases

Liver

transplant
s Liver failure A

* Portal
hypertension

5-50 years

Caused by:
* virus
e alcohol (ALD)

* Disrupted architecture
® Loss of function

* Inflammatory damage
» Matrix deposition

-

. iarenchymal cell death Early * Aberrant hepatocyte
* Angiogenesis fibrosis regeneration Cirrhosis ° °
obesity (MASLD)
e toxic chemicals (TASLD)
Resolution Regression

Hepatocellular

* Removal of underlying cause corcinoma

* Anti-fibrotic drug or cell therapy

Nature Reviews | Immunology

Major detoxifying organ
Silent disease

Pellicoro et al. Nat.Rev.Immunol. 14:181-194
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Risk factors of steatotic liver disease

Drivers of inter-individual risk
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Environmental toxicant: vinyl chloride (VC)

Beier JI and Arteel., Acta Pharmaceutica Sinica B. 11(12):3768-3778 .
Share.america.gov
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How VC came on the ‘radar’

Cluster of hepatic angiosarcoma diagnoses in workers in Louisville, KY
Occupational exposure to VC recognized as cause

OSHA set stricter exposure guidelines
Exposure to high VC concentrations eliminated

Cave et al. described ‘Toxicant-associated steatohepatitis’ (TASH)
VC-induced non-cancerous liver injury

Current OSHA threshold still at <1 ppm/day
#4 on the ATSDR Substance Priority List
Risk for low-level, chronic exposure in humans unknown

Tamburro et al., Hepatology, 4:413-8.

Kielhorn et al., Environ Health Perspect, 108: 579-88.
Hsiao et al. J Occup Environ Med, 46, 962-966.
Maroni et al. J Occup Environ Med, 60, 60-65.

Cotrim et al., Liver Int, 24, 131-135.

Cave et al., Hepatology, 51:474-81.



Low conc. VC - a risk modifier for liver damage?
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Low VC exposure enhances MASLD e

jA partnership of University of Pittsburgh & UPMC

weeks

* WD 12 weeks)

*VC (12 weeks)

VC concentration:
0.85+ 0.1 ppm

Western-style diet:
o 42% fat

e 43% carbohydrate
« 15% protein

Lang et al. Hepatol Commun. 2(3), 270-284.
Lang et al. J Vis Exp. 155, e60351.

https://www.jove.com/v/60351/vinyl-chloride-high-fat-diet-as-model-environment-obesity

400 a,b
3 ALT
3 AsT
300 a,b
7 a
200

Activity (IU/L)

-

o

o
|

Plasma Transaminase

.o 08 s

CD CD+VC WD WD+VC



https://www.jove.com/v/60351/vinyl-chloride-high-fat-diet-as-model-environment-obesity
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Wahlang et al. Toxicol Pathol. 41(2):343-60.
Anders et al. Toxicol Sci. 151(2):312-23.

Anders et al. Toxicol Appl Pharmacol. 311:33-41.
Guardiola et al. Toxicol Appl Pharmacol. 313:47-56.
Lang et al. Hepatol Commun. 2(3), 270-284.
Liang et al. Chem Res Toxicol. 31(6):482-493.
Lang et al. Biol Chemistry. 399(11):1237-1248.
Chen et al. Redox Biol. 24:101205.

Wahlang et al. Curr Envir Health Rpt. 6(3):80-94.
Lang et al. Toxicol Appl Pharmacol. 114745.
Wahlang et al. Toxicol Sci. 174(1):79-91.

Lang et al. J Vis Exp. 155, e60351.

Werder et al. Food Chem Toxicol. 39:111242.
Kaelin et al. Toxicol Appl Pharmacol. 115068.

Schnegelberger et al. Acta Pharm Sin B. 11(12):3756-3767.

Beier et al. Acta Pharm Sin B. 11(12):3768-3778.
Ge Y et al. Toxicol Sci. 193:103-114.
Liu S, et al. Toxicol Appl Pharmacol. 468:116514.
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Injury and cell death

Generation of ROS/RNS v/
Necrosis/necroptosis v’
Autophagy v

Metabolic dyshomeostasis

Glycogen depletion v/
Steatosis v’
ER stress v/
Loss of ATP v/
Mitochondrial damage v/
MAM miscommunication v’
Cholesterol trafficking ?

« To be continued...
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 Inflammation/Inflammasome activation v'
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VC-induced tumor formation
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Liu S, et al. Toxicol Appl Pharmacol. 2023; 468:116514.
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Does this relate to humans?
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* Other underlying diseases/factors?

 Other environmental chemicals:
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ALD ?

Cardio-vascular disease?
Viral infections?

Lung diseases?
Pregnancy?

Childhood exposure?

Metals (arsenic, lead, cadmium...)
Polychlorinated biphenyls (PCBs)

Per- and Polyfluoroalkyl Substances (PFAS)
Volatile organic compounds (VOCs)
Dioxins
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Genetics
Microbiome

Health disparities
Exposome

Lifestyle
Infection/disease
Drugs

Genetics
Lifestyle
Viral Infection

Drugs

Tan M, et al. Toxicol Appl Pharmacol. 2011; 257(3):356-64.
Wahlang B, et al. Toxicol Appl Pharmacol. 2014; 279(3):380-390.
Marques E, at al. Toxicol Appl Pharmacol. 2020; 408:115250.
Cichocki JA, et al. Toxicol Sci. 2017; 159:102-113

Yang L, et al. Mol Nutr Food Res. 2021; e2000811

Beier et al. Acta Pharm Sin B. 11(12):3768-3778.
Share.america.gov



Environmental toxicant-enhanced disease

* Other underlying diseases/factors?
e ALD?
e Cardio-vascular disease?
* Viral infections?
* Lung diseases?
* Pregnancy?
e Childhood exposure?

 Other environmental chemicals:

* Metals (arsenic, lead, cadmium...)
Polychlorinated biphenyls (PCBs)

Per- and Polyfluoroalkyl Substances (PFAS)
Volatile organic compounds (VOCs)
Dioxins

Table 1  Factors that influence the development and severity of liver diseases.

PITTSBURGH LIVER
RESEARCH CENTER

Apartnership of University of Pittsburgh & UPMC

Liver disease Genetics” Lifestyle/comorbidities” Environmental toxicants® Microbiome'
Inherited liver diseases e g i 43

Biliary atresia AL Sy iy 48
Primary biliary cholangitis g - 4p10-15 416
Primary sclerosing cholangitis LG - L 41920
Autoimmune hepatitis 42124 42124 4232 G2
Direct DILI 42729 443032 4335 4%
Idiosyncratic DILI Lty 48 . .

Viral hepatitis AL Lt (gt .
NAFLD/MAFLD ++% 47 Gt ()OS
ALD ++72 +++77 = 441
TAFLD/TASH — - &++4«54 J 455

—, no known association or not classifiable. Evidence inadequate in humans and limited in experimental models.
+, possible association. Limited evidence in humans and in experimental models.
++, probable association. Limited evidence in humans and sufficient in experimental models.
+++, known association and/or primary cause. Clear cause and effect association is known.
#Sexual dimorphism, familial associations, linkage disequilibrium, etc.
®Viral infections, metabolic syndrome, alcohol, underlying liver disease, etc.

“Exposure to environmental/occupational chemicals or toxins, natural or anthropogenic, that was not self-administered.

9Altered microbiome/dysbiosis in diseased patients or in animal models.

Tan M, et al. Toxicol Appl Pharmacol. 2011; 257(3):356-64.

Wahlang B, et al. Toxicol Appl Pharmacol. 2014; 279(3):380-390.
Marques E, at al. Toxicol Appl Pharmacol. 2020; 408:115250.

Cichocki JA, et al. Toxicol Sci. 2017; 159:102-113
Yang L, et al. Mol Nutr Food Res. 2021; e2000811
Beier et al. Acta Pharm Sin B. 11(12):3768-3778.
Share.america.gov
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Other underlying disease
ALD
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Environmental toxicant-enhanced disease

* Other underlying diseases/factors?
 ALD?V
e Cardio-vascular disease?
* Viral infections?
* Lung diseases?
* Pregnancy?
 Childhood exposure? Grant (542) recpients

o NPL Superfund location
Metals and PFAS contamination

e Other environmental chemicals:
* Metals (arsenic, lead, cadmium...)

* Polychlorinated biphenyls (PCBs) Tan M, et al. Toxicol Appl Pharmacol. 2011; 257(3):356-64.

e Per- and PonquoroaIkyI Substances (PFAS) Wahlang B, et al. ToxicoIAppI Pharmacol. 2014; 279(3):380-390.
Marques E, at al. Toxicol Appl Pharmacol. 2020; 408:115250.

* Volatile organic compounds (VOCs) Cichocki JA, et al. Toxicol Sci. 2017; 159:102-113

« Dioxins Yang L, et al. Mol Nutr Food Res. 2021; e2000811

Beier et al. Acta Pharm Sin B. 11(12):3768-3778.
Share.america.gov
etc
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Upcoming studies
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East Palestine Community

Thank you, community leaders!
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Figure 24-1. Solvent exposure pathways and media. (Adapted from EPA, 1989.)
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