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Diabetes vs. Chemical Production
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Pollution and diabetes, obesity, and liver diseases

e ‘Endocrine-disrupting chemicals’ (EDCs - 1991): Chemicals
associated with diabetes, thyroid disease, etc. (PMID: 34452693, 37956907)

« 'Exposome’ (2005, 2014): cumulative effect of environmental
exposures and biological responses. (PMID:31701542, 35395240)

* ‘Obesogens’ (2006): Chemicals associated with obesity.
(PMID: 35395240)

e ‘Toxicant-associated steatohepatitis’ (TASH - 2010, TASLD - 2023):

chemicals and steatotic liver disease. (PMID:19902480, 37623845)

e ‘Metabolism-disrupting chemicals’ (MDCs, 2016) promote
metabolic changes that can result in obesity, type 2 diabetes, or
fatty liver. (PMID: 27760374)
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Sources of endocrine and metabolism

disrupting chemicals

Food production

Agricultural chemicals
Food additives
Packaging materials

Industrial activity

Air pollutants

Industrial chemicals
and by-products

Water contaminants

Personal and home care

Personal care products

Cleaning supplies
Flame retardants
Solvents and coatings

Medical care

Medical products
and equipment

PMID: 31451869, 35395240

Pesficides  Per- and polyflucroalkyl
Bisphenols substances (PFASs)
Phthalates

Organotins

Polychlorinated biphenyls (PCBs) Toxic metals

Particulate matter (PM) (As, Hg, Pb, Cd, etc.)
Polyaromatic

Q
zone hydrocarbons (PAHs)

Nitrogen oxides
Fracking fluids
Dioxins

Phthalates  Polybrominated diphenyl ethers
Bisphenols  (PBDEs)

‘Fragrances’ Parabens

PFASs

Trclosan

Pharmaceutical agents
Phthalates

Bisphenols

Palymers

>1000 known EDCs
>50 known obesogens

Search the TEDX List
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Mechanisms of environmental pollutants in MASLD

Chemical pollutants work at low-doses though mechanisms including nuclear receptors and
microbiome to reprogram hepatic gene expression, disrupt metabolism, and promote MASLD.

ORI, 0RO
‘\ Contamlnants ,/’
*a Dio. ns, bis ph nols, P (o] 5/\/\(;H3

parabens, phthalates,

rab al O NO, - PAHs
biocides, pesticides OH
RFRFRFO o cl o cl
NS o T X
FFFFFFFF cl o cl

Unbalanced diet PFAs PCDD
\ \\_>(PPAR-GJ ( xR ) (AR ],___/

- Ehollne deﬁctench_» [Alteration of targets — Lipid metabolismj

or TMA supply
bed 02,989 2
> 0 S9
[Progression towards NAFLD,| ESESEEEE”

NASH, cirrhosis and cancer

LPS and other Endometabolites
bacterial metabolites || (6.9., secondary bile acids)

PMID: 36889360




Key concepts in occupational and environmental hepatology

e Liveristhe #a target organ for toxic chemicals. [SEPA  \why Liver 2

EPA Integrated Risk Assessment System (IRIS)
(Oral RfDs, Non-cancer endpoints)
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e g of the top 10 pollutants on ATSDR's substance priority list are associated with MASLD.

e Environmental justice: disparities in exposures (e.qg., age, race/ethnicity, sex, geography).

e Differential hepatic response to exposures: race/ethnicity (PMID: 36937989); SEX (PMID: 37074385); diet-
dependent effects; windows of susceptibility (DoHAD); and gene x environment interactions.

e Pollution has been associated with MASLD development, severity, and complications.
e Environmental pollutant exposures can also be considered as disease modifiers in MASLD.



TASH due to OCCUPATONAL chemical exposures & the

reverse-translational approach to elucidation of mechanism

e TASH identified in 25 lean, non-drinking, highly-exposed vinyi Chioride _ //
. . o, B |
vinyl chloride workers from Louisville’s Rubbertown Complex. o [ Mottt scuatono |
w | (chloroethylene oxide,
e Steatosis (84%), steatohepatitis (80%), and fibrosis (55%) | R
* TASH associated with hepatocyte necrosis, antioxidant damage sncoung

depletion, insulin resistance & adipocytokines.

N | Altered lipid metabolism,
g—é glycogen depletion

Lipid peroxidation,
protein damage

Inflammation (activation
of Kupffer cells, —
increases in cytokines)

!

Fibrosis

KC6

KC11

Fig. Animal models elucidated VC's
mode of action in TASH as summarized
by a key characteristic approach.

PMID: 16003133, 15354062, 2499459, 6539291, 19902480, 31325714, 32534314, 27765658, 34668655, 34105804




Adult NAFLD and ENVIRONMENTAL chemical exposures & the

the exposome-wide association study (EWAS) approach

e In 2010, the prevalence ORs for NAFLD and 196 pollutants were determined in adult NHANES.
e Reviews of the current EWAS approach were recently published in Hepatology and J Hepatol.
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Pediatric MASLD prevalence ORs by gestational ENVIRONMENTAL

PFAS exposures with metabolome-wide association study (MWAS)
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Liver disease SEVERITY and chemical exposures

e PCBs and metals were associated with advanced fibrosis in
adult NHANES 1999-2018 (nN=47,422). PMID: 36937989

e In adults with NAFLD, PFAS were positively associated
with the severity of steatosis, steatohepatitis, and fibrosis
Using histologic (n=100-105, PMID: 37776622, 34627976) O elastographic
biomarkers (n=696-14000, PMID: 37323015, 36968216, 38764062, 39150893).

e Pathway analysis of MWAS vs. PFAS (n=105 NAFLD
subjects) demonstrated enrichment in bile acid and lipid

metabolic pathways (PmiD: 34627976). We recently confirmed
the bile acid findings for PFOS (n=368 NAFLD subjects).

(Samala N, Chalasani N, Smith MR, Cave MC et al., unpublished)

R TR

(%) £ SE

|
Q13 Q4 o] Ot evel of total PCB

Fig. NHANES subjects with 4t quartile PCB
exposures had higher AF prevalence (A),
and 95.3% of subjects with AF were in the
4t PCB exposure quartile (B).

BvAla:

aaaaaaaaaaa in formation from dihomolinoleic acid .

Fig. Bile acids were the top Ststmii
metabolic pathway enriched
with PFOS exposuresin368 e

suU b_]ECtS Wlth NAFLD nnnnnnnn idylinositol phosphate

nnnnnnnnn




MASLD complications and chemicals

HCC
e Aflatoxins have long been associated with HCC. mczsg6858)

e Many pollutants associated with MASLD were determined by IARC to be
human carcinogens (e.g., PFAS, PCBs, vinyl chloride, etc.).

e Limited data on pollutants, including PFAS ¢wip: 36111068, and HCC pmip: 29199597).

Cardiovascular events
e Dioxins associated with increased TMAO. mib: 2353125)

* PFAS and acute coronary syndrome in NAFLD patients. mip: 37722302)



The untargeted multi-omics approach

¥ @ HERCULESQIL

NAFLD-VICTER Consortium

e Network analysis (xMWAS) of biomarkers (NAFLD severity, exposures, and metabolites (n=134 NAFLD cases)
e 4 pollutants were significantly associated with CAP and 6 with LSM. Fluorene, PCB 132 and diphenyl-

nitrosamine were positively associated with both VCTE biomarkers.
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What can you do?

Interventions to Address
Environmental Metabolism-
Disrupting Chemicals: Changing the
Narrative to Empower Action to
Restore Metabolic Health

Robert M, Sargis**, J§] Jerrold J. Heindel’and  Vasantha
Padmanabhan’
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PMID: 35395240

* Reduce MDC exposures: An organic diet
intervention reduced pesticide and oxidative
stress biomarkers in children. (PMID:31483785)

* Increase MDC clearance:

1) Gl elimination: Olestra (PMiD:24629911),
cholestyramine (pmip: 6175768), and fermentable
fibers (PmID:15510386) increased the fecal elimination
of MDCs in human subjects.

2) Renal elimination: A randomized clinical trial
demonstrated enhanced urinary excretion of
MDCs with the combination of a thiazide
diuretic and an SGLT2 inhibitor. (PMID: 33065070)




 We should care about pollutants and metabolic health in liver disease.

* Pollution is a disease modifier associated with MASLD development,
severity, and complications.

e Barriers exist to implementation of environmental health science in clinical
hepatology practice.

e Longitudinal data are required on pollution and fibrosis progression, HCC
development, response to therapy, decompensation, survival, and GxE.

e The exposome is an important new concept in hepatology which could be
incorporated in a future precision medicine approach to liver health.
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