
 

New research explores the urea cycle's strong
connection to fatty liver disease
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An Indiana University School of Medicine physician scientist is making
strides in understanding the molecular origins of fatty liver disease, a
leading cause of liver failure in the United States. By identifying the
critical role the urea cycle plays in its development, his findings could
pave the way for new medications to treat this currently incurable
disease.

In a study recently published in Cell Metabolism, Brian DeBosch, MD,
Ph.D., professor of pediatrics at the IU School of Medicine and the
study's corresponding author, uncovered a critical link between defects
in the urea cycle, a key process in detoxifying ammonia in the body, and
the development of fatty liver disease.

Conducted during his time at Washington University in St. Louis, the
study found that these urea cycle defects lead to secondary impairment
in the tricarboxylic acid (TCA) cycle, a key pathway for energy
metabolism. This disruption results in inefficient calorie utilization and
excessive fat storage in the liver, which can subsequently cause
inflammation and fibrosis, contributing to the progression of the disease.

"Pediatric fatty liver disease can be much more aggressive and more
difficult to treat than the adult forms of the disease," DeBosch said.
"Compounding this, there are no approved treatments for pediatric
MASLD and MASH, even though MASH is fastest-rising in children.
That is why our research is focused on addressing this incredibly urgent
need."

The two types of fatty liver disease are metabolic dysfunction-associated
steatotic liver disease (MASLD) and metabolic dysfunction-associated
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steatohepatitis (MASH). Both conditions involve excess fat buildup in
the liver, which can result in liver failure if left untreated. The incidence
of MASLD and MASH is rising rapidly among children, where the
disease often presents more severely.

DeBosch collaborated on the study with Associate Professor of Surgery
and Medicine Yin Cao, ScD, MPH at Washington University in St.
Louis. Cao analyzed blood metabolites from a cohort of 106,600 healthy
patients from the United Kingdom Biobank. Her examination revealed
that certain metabolites associated with nitrogen and energy metabolism,
as well as mitochondrial function, can predict the risk of severe liver
diseases even in healthy individuals.

Cao said the findings from this translational study, also backed by mouse
research, underscore the critical role of the urea cycle in understanding
severe liver diseases.

"MASLD and MASH are significant health concerns that are closely
associated with other metabolic conditions and an increased risk of
various cancers," she said. "This discovery holds promise for
breakthroughs in the prevention and treatment of these serious
conditions."

In a 2022 study in Cell Reports Medicine, DeBosch and his team found
that administering an enzyme called pegylated arginine deiminase (ADI-
PEG 20) significantly improved symptoms of fatty liver and obesity in
mice, offering promising insights for future therapies. Their latest
findings further suggest that targeting nitrogen handling in the liver, a
process linked to the urea cycle, could be an effective treatment
approach.

Additionally, their research demonstrated that giving mice a precursor to
adenine dinucleotide (NAD+), an important intermediary that fosters
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TCA cycle function, also improved function in their study models.
Looking ahead, DeBosch plans to continue exploring the effects of ADI-
PEG 20 and NAD+ to investigate their molecular connections between
the urea and TCA cycles.

"I want to explore the best pathways to target these defects so future
drugs leveraging this biology can be more effective and precise in
treating individuals with fatty liver disease," DeBosch said.

  More information: Yiming Zhang et al, Hierarchical tricarboxylic
acid cycle regulation by hepatocyte arginase 2 links the urea cycle to
oxidative metabolism, Cell Metabolism (2024). DOI:
10.1016/j.cmet.2024.07.007
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