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Abstract: The pathogenesis of the nephrotic syndrome is complex and the pathological types are diverse, so
the minor symptoms in its early phases are difficult to detect. Renal biopsy is the gold indicator for the diagnosis
of renal pathology and progression, but poor patient compliance shows, and the optimal treatment time is often
delayed. Therefore, the discovery of biomarkers for early diagnosis and disease progression monitoring is of great

clinical significance. In this study, doxorubicin-injured podocyte models were used to simulate human kidney disease
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at different stages of progression. LC-MS-based metabolomic technology combined with statistical methods was

used to screen and identify the potential biomarkers associated with early injury or progression of podocytes. The

results of cell viability, apoptosis tests and podocyte structural protein analysis showed that the model was success-

fully constructed, and the degree of podocyte injury was significantly different between the two modeling methods.
According to VIP > 1 and P < 0.05 based on the orthogonal partial least squares discriminant analysis (OPLS-DA)

model, nine differential metabolites reflecting early podocyte injury and twelve differential metabolites reflecting

the injury progression were screened, respectively. ROC analysis was adopted to focus on the potential biomarkers

that can reflecting the early podocyte injury including L-tryptophan, guanosine triphosphate (GTP), 5'-thymidylic

acid (dTMP) and thymidine, and the biomarkers reflecting the injury progression of podocytes composed of
L-phenylalanine, L-tyrosine acid, uridine 5'-diphosphate (UDP) and guanosine 5’-diphosphate (GDP) AUC > 0.85.
It indicated that these eight metabolites may have high sensitivity and diagnostic ability. This study provides a

reference for the research on biomarkers of progressive diseases.
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Figure 1

Establishment and evaluation of cellular models induced by doxorubicin. A: MTT assay detecting cell viability; B: Flow cytome-

try detecting cell apoptosis; C: The corresponding quantified histograms; D: Detection of podocin and nephrin protein expression levels in
MPCS5 cells using western blot; E: Podocine protein; F: Nephrin protein. n =3, x £5. P < 0.01, ™P < 0.001 vs C; "P < 0.01, ""P < 0.001 vs
M1. C: Control group; M1: Model 1 group; M2: Model 2 group
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Figure 2 PCA score plot (A and B), PLS-DA model verification plot (C and D) and S-plot (E and F) between the control group (C) and
model 1 group (M1); A, C, E: Positive ion mode; B, D, F: Negative ion mode
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Figure 3 PCA score plot (A and B), PLS-DA model verification plot (C and D) and S-plot (E and F) between the control group (C) and
model 2 group (M2); A, C, E: Positive ion mode; B, D, F: Negative ion mode
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Figure 4 Multivariate statistical analysis of differential metabolites. A: Venn diagram of differential metabolites between different groups;
B: ROC analysis of potential biomarkers reflecting injury progression; C: Metabolic pathway analysis of potential biomarkers reflecting
injury progression; D: ROC analysis of potential biomarkers reflecting podocyte early injury; E: Metabolic pathway analysis of potential bio-
markers reflecting podocyte early injury. CM1: The control group and model 1 group; CM2: The control group and model 2 group; M1M2:
The model 1 group and model 2 group

Table 1 Summary of biomarkers in the C group vs M1 group or vs M2 group. P < 0.05, "P < 0.01, ""P < 0.001
No. Metabolite Formula mlz RT/min Ton Trend
MlyvsC  M2vsC Ml vs M2
1 N-Acetyl-DL-serine C,H,NO, 146.044 7 2.11 M-H 1 i 7
2 L-Glutamic acid C,HNO, 146.045 2 1.45 M-H 1 T T
3 L-Phenylalanine C,H, NO, 164.070 7 7.43 M-H T 1 !
4 Uridine 5'-diphosphate C,H ,N,0, P, 402.991 3 2.14 M-H 1 I 1
5 Adenosine-5"-diphosphate C,,H,N.O,P, 426.019 6 2.94 M+H ! ! !
6 Guanosine 5'-diphosphate C, HN,O, P, 442.013 6 2.10 M-H 1 1 1
7 Adenosine triphosphate C,,H,,N,O,,P, 505.983 7 3.24 M-+H 1 i 1
8 Uridine-5-diphospho-a-D-galactose C,,H,,N,O,.P, 565.044 4 2.07 M-H l 1 1
9 Uridine 5'-monophosphate C,H,NO, 178.049 6 9.94 M+H [ | |
10 L-Tyrosine C,H, NO, 180.065 4 5.06 M-H T 1 1
11 S-Adenosylhomocysteine C H,NO0.S 383.110 5 6.88 M-H } ! !
12 Adenosine monophosphate C,,H,N.OP 346.052 0 2.70 M+H ! 1 1
13 L-Lactic acid C,H,0, 89.025 4 2.53 M-H 1 - -
14 L-Tryptophan C,H,N,0, 203.080 7 8.53 M-H [ - -
15 Uridine 5'-monophosphate C,H ;N,0,P 323.026 1 2.16 M-H ! - -
16 Succinic acid CHO0, 117.019 0 4.26 M-H 1 - -
17 Ureidosuccinic acid C,HN,0, 175.033 5 2.00 M-H 1 - -
18 Thymidine C,H,N,0, 241.080 7 7.42 M-H T - -
19 5'-Thymidylic acid C,,H,.N,O,P 321.0459 5.88 M-H T - -
20 Inosinic acid C,H,N,0P 347.0357 2.83 M-H ! - -
21 Guanosine triphosphate C, HN.O, P, 523.996 5 1.84 M+H T - -
22 Pyroglutamic acid C;H,NO, 128.035'1 3.57 M-H - ! -
23 Citric acid CH,0, 191.018 1 3.18 M-H - 7 -
24 Cytidine triphosphate C,H,N,O,,P, 481.974 7 1.44 M-H - 1 -
25 1-Pyrroline-5-carboxylic acid C,H.NO, 112.039 8 2.05 M-H - T -
26 Flavin mononucleotide C,,H, N,O,P 455.092 9 9.08 M-H - 1 -
27 Ketoleucine CH, 0, 129.055 1 9.15 M-H - ! -
28 Flavin adenine dinucleotide C,,H,,;N,O,,P, 784.144 2 8.32 M-+H - 1 -
29 Spermidine C.H N, 146.165 0 1.21 M+H - ! -
30 Oleamide C H,.NO 282.279 17 21.23 M+H - 1 -
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