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Genetic mitochondrial glycine amidinotransferase protein aggregate
formation triggers microparticle sensing and kidney failure
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Deposition of crystals or crystalline particles in various
organs leads to diverse medical disorders (1). Misfolded
or aggregated proteins can form crystalline or non-
crystalline microparticles that activate similar molecular
pathways of inflammation and cell death, for example—
Alzheimer’s disease (amyloid-p aggregates) (2), Parkinson’s
disease (a-synuclein misfolding) (3), or in monoclonal
immunoglobulin-associated renal diseases (4,5). A recent
article by Reichold et 4/. published in The Fournal of
American Society of Nephrology demonstrate that monoallelic
mutations in the gene encoding glycine amidinotransferase
(GATM) promote linear aggregation of GATM protein
inside the mitochondria of proximal tubular cells (6).
These mitochondrial protein aggregate particles increased
production of reactive oxygen species (ROS), followed
by the NLRP3 inflammasome-dependent inflammation
and cell death in kidneys of patients with renal Fanconi
syndrome and chronic kidney disease (CKD).

In this study, the authors identified an autosomal
dominant renal Fanconi syndrome in individuals
from five extended families who developed glycosuria,
hyperphosphosphaturia, generalized hyperaminoaciduria,
low molecular weight proteinuria, and metabolic acidosis
during their childhood that culminated in renal fibrosis
and kidney failure with need for transplant or dialysis in
adulthood. To understand the pathophysiology of this
syndrome, the authors performed genome-wide linkage
analysis, sequencing, and identified several heterozygous
missense mutations in the GATM gene in all affected
individuals from these extended families. Subsequently,
histology analysis of kidney biopsies of affected individuals
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revealed the presence of GATM protein aggregates inside
drastically enlarged mitochondria of proximal tubular cells.
Furthermore, overexpression of mutant GATM proteins
in the renal proximal tubular cell line LLC-PK1 lead to
drastically enlarged mitochondria containing GATM-positive
fibrillary aggregate particles similar to those observed in
patients’ biopsies whereas overexpression of wild-type
GATM protein in LLC-PK1 did not show this abnormal
mitochondrial morphology. In silico structural studies of
GATM using X-ray crystallographic structures from the
Protein Data Bank revealed the presence of an additional
de novo interaction site on mutated GATM proteins, which
support the formation of linear multimers of mutated GATM
proteins. Interestingly, GATM-deficient mice did not display
any aminoaciduria or glucosuria suggesting that the GATM
protein aggregates, but not GATM protein per se, are
responsible for the mitochondrial pathology leading to the
signs and symptoms observed in patients.

Non-degradable protein deposits, as well as crystalline
structures, have been reported to trigger the auto-
amplification loop of necroinflammation involving
activation of NLRP3 inflammasome and regulated necrosis
pathways (1-3,5,7-12). Consistent with these findings,
the authors observed that the presence of mutant GATM
protein aggregates in LLC-PK1 cells was associated with
increased ROS production, enhanced expression of NLRP3
and interleukin 18 (IL-18), as well as increased rate of cell
death. These results strongly suggest that mutant GATM
protein aggregates share the same molecular pathway of
necroinflammation which has been reported for other
crystals or crystalline particles (1,2,8-10,12). This implies
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that microparticles induce mitochondrial ROS production
that ultimately triggers the formation of the NLRP3
inflammasome, a macromolecular complex consisting of
NLRP3, the adaptor molecule ASC, and caspase-1 (13).
Formation of this complex triggers enzymatic activation
of caspase-1, which in turn cleaves the pro-forms of two
important proinflammatory cytokines, i.e., pro-IL-1a and
pro-IL-1B (14,15). In addition, NLRP3 inflammasome
activation has been linked to a particularly proinflammatory
form of cell death, i.e., pyroptosis (16,17). Pyroptosis
is executed by gasdermin D, a pore-forming protein,
that integrates into the outer cell membrane leading to
cell demise and release of intracellular molecules in the
extracellular space (18). Such a release of intracellular
molecules includes DAMPs (danger-associated molecular
patterns) that can activate other danger-sensing receptors
for sterile inflammation (8,12). In this manner, intrinsic
crystal-driven cell necrosis can trigger inflammation
and further cell injury, i.e., necroinflammation (8,12).
Interestingly, LLC-PKI1 cells expressing mutant GATM
protein aggregates also exhibited increased fibronectin and
smooth muscle actin mRINA levels suggesting a critical role
of mitochondria in initiating pro-fibrotic signaling cascade.
However, the involved mechanisms remain obscure.

The mitochondrial GATM enzyme catalyzes the
biosynthesis of guanidinoacetic acid, the immediate
precursor of creatine, which is regulate GATM expression in
a negative feedback manner. Therefore, the authors suggest
creatine supplementation as a pharmacological intervention
to suppress endogenous production of mutated GATM
protein. In fact, this treatment reduced production of both
mRNA and protein of GTAM in wild-type mice. In addition,
since mutated GTAM share molecular mechanism of
necroinflammation, strategies targeted to combat crystalline
particles induced-inflammation and regulated cell death
could also serve as novel therapeutic options to halt the
progression to kidney fibrosis and failure during CKD.

In summary, this study provides important evidence that
mitochondrial aggregates of mutated GATM trigger the
pathological events resulting in an autosomal dominant
form of renal Fanconi syndrome, renal fibrosis and
progressive organ failure. More significantly, this study
emphasizes the importance of genetic diagnostic procedures

to understand the underlying pathophysiology of CKD.
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