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[ Abstract] Objective To investigate the role and mechanism of trimethylamine N-oxide (TMAO), a uremic
toxin, in renal fibrosis. Methods A total of 20 male BALB/c mice were randomly and evenly assigned to a Control group
and a TMAO group. Mice in the Control group received intraperitoneal injection of normal saline, while mice in the
TMAO group received intraperitoneal injection of TMAO (20 mg/[kg-d]). The injection was given once a day for 8 weeks.
Histopathology and fibrosis of kidney were observed by H&E staining and Masson staining. Immunohistochemistry was
performed to determine the levels of alpha smooth muscle actin (a-SMA), recombinant human fibronectin fragment
(Fibronectin), and sterol-regulatory element binding protein 1 (SREBP1). Western blot was performed to determine a-
SMA, SREBPI, phosphatidylinositol 3 kinase (PI3K), phospho-phosphatidylinositol 3 kinase (p-PI3K), protein kinase B
(PKB, also known as AKT), and phospho-AKT (p-AKT) protein levels. HK2 cells were treated with SREBP1 small
interfering RNA (siRNA) and PI3K/AKT inhibitor, respectively, and the reversal of the effects of TMAO was examined.
Results Animal experiments showed that, compared with the Control group, the mice treated with TMAO experienced
pathological damage and fibrosis of the kidney tissue and the expression levels of fibrosis markers, a-SMA and
Fibronectin, in the kidney were increased (all P<0.05). According to the findings from further investigation, the TMAO-
treatment group showed increased expression of SREBP1 and an up-regulation of PI3K phosphorylation ratio and AKT
phosphorylation ratio compared with those of the Control group (all P<0.05). Cell experiments produced results similar to
those of the animal experiment. After siRNA interference with SREBP1 expression, the expression levels of fibrosis marker
proteins decreased (P<0.05). Besides, the high expression of SREBP1 caused by TMAO was inhibited after HK2 cells were
incubated with LY294002, a PI3K-AKT pathway inhibitor (P<0.05). Conclusion TMAO may induce renal fibrosis by
promoting the PI3K/AKT/SREBP1 pathway.
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Fig 1 Intraperitoneal injection of TMAO to induce renal fibrosis in mice
. P<0.001, n=3. B,

Immunohistochemistry examination of a-SMA and Fibronectin in kidneys, x400. ~~ P<0.001, n=3. C, Western blot was used to analyze the expression of a-SMA and

A, Pathological changes of renal tissues after intraperitoneal injection of TMAO (H&E staining and Masson staining, x400)

Fibronectin in kidneys of the Control and the TMAO groups. ~~ P<0.001, #=6.
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Fig 2 Effects of TMAO on renal fibrosis-related proteins in renal tubular
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Fig 3 TMAO induces increased SREBP1 expression in mouse kidney and tubular epithelial cells

A, Representative Western blot results for SREBP1 in renal cortex (mice); B, immunohistochemical staining of kidney sections with SREBP1 (x400) (mice); C,

densitometric quantification of SREBP1 from the Western blot data (" P<0.01, n=6) (mice); D, densitometric quantification of SREBP1 from the immunohistochemical staining result

(™" P<0.001, n=3) (mice); E, Western blot analysis of SREBP1 expression in renal tubule epithelial cells in the Control and the TMAO groups (™ P<0.001, n=3).
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Fig 4 Inhibition of SREBP1 alleviates the fibrosis of TMAO-induced tubular epithelial cells
Western blot was used to analyze the expression levels of SREBP1, Fibronectin, a-SMA and B-actin in renal tubular epithelial cells in the Control group, the TMAO
group, the siSREBP1 group and the TMAO+siSREBP1 group. ' P<0.05,” P<0.01,”" P<0.001. n=3.
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Fig 5 TMAO upregulates SREBP1 expression through the PI3K/AKT pathway
A, Western blot was used to determine the expression of PI3K, AKT, p-PI3K, and p-AKT in the kidneys of mice in the control group and the TMAO group (n=10); B,
Western blot was used to determine the expression of PI3K, AKT, p-PI3K, and p-AKT in renal tubular epithelial cells of the control group and the TMAO group (n=3); C,
Western blot was performed to determine the expression of SREBP1, AKT, and p-AKT expression in renal tubular epithelial cells in the Control group, the TMAO group,
and the TMAO+PI3K/AKT inhibitor group (n=3). " P<0.05, " P<0.01,”" P<0.001.
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