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Sexual Dimorphism in Cystinuria- The

Mitochondria Link

Unravelling the role of mitochondrial Slc3a1 in
regulating mitochondrial functions and sexual
dimorphism in cystinuria

CHINA, March 28, 2025 /EINPresswire.com/ --
Cystinuria is the most common inheritable cause
of kidney stone disease, characterized by
impaired reabsorption of cystine and dibasic
amino acids in the renal proximal tubules. It
exhibits a sex-dependent response, with males
experiencing an earlier onset of stone formation
and a high number of large-sized stones;
however, the cellular origin and mechanisms
underlying this sexual dimorphism remains
elusive. Recent studies have shown that
mitochondrial dysfunction plays a key role in the
pathogenesis of renal diseases. It has also been
evidenced that there are significant sex-related
differences in mitochondrial morphology,
function, and homeostasis, as well as variations in
response to acute kidney injury and progression
of chronic kidney disease.

In a recent study published in the Genes &
Diseases journal, researchers from Shanghai Jiao
Tong University School of Medicine, East China
Normal University, Shanghai University of
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(A) Relative urinary cystine concentratlon
of Slc3a1 KO and WT mice from both

sexes. (B) Typical hexagonal cystine crystals
from the urine of Slc3a1 KO and WT mice.
Scale bar,100 pm. (C) Bladder stones in 20-
week-old Slc3a1 KO mice from both sexes.
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Traditional Chinese Medicine, Tongji University, and Fudan University unravel the critical role of
mitochondrial Slc3a1 in regulating mitochondrial functions and sexual dimorphism in

cystinuria.

To investigate the mechanisms underlying sexual dimorphism in cystinuria, the authors
examined stone formation and kidney injury in Slc3a1 knock-out (KO) mice, Slc3a1, Slc7a13
double KO mice, and orchiectomized Slc3a1 KO mice. The Slc3a1 KO female mice had smaller
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and less severe bladder stones,
concomitant with a lower expression of
fibrotic and immune markers than the
Slc3a1 KO male mice, showing that
cystinuria was more pronounced in
males than in females. This severity
could not be rescued even upon
double KO of Slc3a1 and Slc7a13 or
orchidectomy, which establishes that
the male susceptibility to cystinuria is
dependent on Slc3a1 and independent
of Slc7a13.

Mitochondrial functions were found to
be impaired in the renal tubule cells of
Slc3a1 KO male kidneys, resulting in
exacerbated damage caused by the
accumulating debris and formation of
cystine crystal-containing stones;
whereas, high SLC3A1 protein levels
were associated with enhanced
mitochondrial functions in the kidney.
By integrating unbiased bulk RNA
sequencing, single-cell RNA
sequencing, and molecular
experiments, the authors showed that
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(A) The published single-cell RNA sequencing data
representing the expression levels of Slc3a1 and
Slc7a13 in mouse kidneys. The highlighted numbers
are as below: 3-segment 1 of the proximal tubule
(female), 4-segment 1 of the proximal tubule (male),
5-se

i) the differential mitochondrial functions between SLC3A1high male kidneys and SLC3A1low
female kidneys primarily arise in the proximal tubule cells; and ii) Slc3a1 enhances mitochondrial
functions by increasing mitochondrial NAD+ uptake in the proximal tubules.

In conclusion, this study highlights the critical role of mitochondrial functions in regulating sexual
dimorphism in cystinuria. It also suggests that restoring mitochondria in renal tubules of male
cystinuria patients may improve mitochondrial function, leading to reduced cell death and
attenuation of fibro-inflammation in the renal tubules.
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SLC3A1 mediated mitochondrial
functions by NAD + uptake. (A)
Schematic diagram of SLC3A1
overexpression experiments. (B)
Transcript expression of GSH
metabolism related genes Gclc and
Gclm in the transfected or non-
transfected cells. (C) Transcript
expres
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