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Abstract: To enhance the safety and efficiency of membranous nephropathy (MN) detection, surface-
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enhanced Raman spectroscopy (SERS) was studied for the detection of biological samples. SERS was
used to detect urine samples from 60 patients with membranous nephropathy (MN), 84 patients with
IgA nephropathy (IgAN), 26 patients with diabetic nephropathy (DN) and 68 patients with glomerular
disease (GD). A SERS special library of MN, IgAN, DN and GD was established. The data of the SERS
library were divided into three groups (MN/IgAN, MN/DN, MN/GD). The Raman characteristic peaks
of spectral data were compared and analyzed to clarify their assignment and biomedical significance. On
this basis, the classification model was established by principal component analysis—linear discriminant
analysis (PCA—LDA) and partial least squares discriminant analysis (PLS—DA). The results show that
the PCA—LDA-based classification model has a classification accuracy of 100.00% for MN/IgAN,
MN/DN and MN/GD. The classification accuracy of the PLS—DA-based classification model for
MN/IgAN, MN/DN and MN/GD is 95.12%, 100.00% and 96.09%, respectively. The PCA—LDA model
has higher accuracy, and the accuracy of the optimized model for MN/IgAN, MN/DN and MN/GD
classification is 74.38%, 90.70% and 77.34%, respectively. Therefore, SERS has potential for clinical

diagnosis in differentiating MN patients from other patients with kidney disease.
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Fig.1 Pathological images of nephropathy under the microscope
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Tab.1 The substances corresponding to Raman peaks

Poft/em ! AN p
442 amylose <0.001
484 glycogen <0.001
524 S—S disulfide stretch in proteins <0.001
543 cholesterol <0.002
598 cytosine <0.001
680 guanine 0.485
715 adenine 0.020
793 pyrimidine <0.001
888 tyrosine,glutathione <0.001
927 coenzyme A 0.032
1184 cytosine, guanine, adenine <0.001
1365 amino acid, tryptophan 0.173
1386 15-methylpalmiticacid 0.260
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fiE Sk 5712 W MN/IgAN [92 Wi B RU P48 T AT RE o
& 5 878 T MN/IgAN W20 BEARAE 124> F 8 hi &
e Kb 3t 5T 2 3 R A HI L

1.8¢

—MN
1.5F —IgAN
Z12f
bt
= 09
Eg{ 0.6 715
= 44%;:43 67*8* 7?4 88s
0.3 Lt ’6?1 T i 1 lf82 1 %85 1 6%0
ofF W

1200 1400 1600 1800
PrEHERE/em™

B 4 MN/IgAN K915 SERS iZE
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Fig.5 Error scatter plots of MN/IgAN
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Fig.6 Line graph of the variance percentage and cumulative
variance percentage of the first 15 PCs for MN/IgAN
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Tab.2 Numerical values of the variance percentage and
cumulative variance percentage of the first 15 PCs for

MN/IgAN
S JIZAGTIE % FRE G %

1 41.906 04 41.906 04

2 1431164 56.21768

3 10.83262 67.05030

4 7.966 82 75.01712

5 6.37798 81.39510

6 3.81031 85.20541

7 2.83453 88.03995

8 2.39840 90.43835

9 1.50755 91.94590

10 1.25641 93.20231

11 0.953 64 94.15595

12 0.74723 94,903 19

13 0.48150 95.38469

14 0.41246 95.79715

15 0.39691 96.194 06

ROC HHZ ) AUC il 1.0, W& DIm HA T
K he ). BT PCA-LDA IR 1A 5 F4 /3 25
LAY E B R R BRSO RE R 100%.
PLS-DA 43 2K 8 % MN/IgAN 732K i . R
SR VR S BE 22 B h 95.12% . 91.67% £ 98.41%.
1 1 B — 28 XK IF ( leave-one-out cross-validation,
LOOCV ) %t PCA-LDA 4 A A7 i — L B ik
SR WoR, MERRR . BUSE TR SR A R
74.38%. 65.00% F 83.61%.
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Fig.7 ROC curve of MN/IgAN
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Fig.10 Line graph of the variance percentage and cumulative
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Tab.3 Numerical values of the variance percentage and

cumulative variance percentage of the first 15 PCs for

MN /DN
F G T ZEEGT % FHE G %

1 40.61519 40.61519
2 15.45859 56.07378
3 11.68524 67.75903
4 9.53792 77.296 94
5 6.17816 83.47510
6 3.62864 87.10374
7 3.06298 90.16672
8 1.46804 91.63476
9 1.29885 92.93360
10 1.17287 94.10648
11 0.88588 94.99236
12 0.70459 95.69695
13 0.46565 96.162 60
14 0.41067 96.57327
15 0.30598 96.87925

MN/DN %295 7+ 25 59 ROC i £ 4n &1 11 firow .
TEXH, ROC HIZE 9 AUCE N 1.0, XEREX
e AR B BRI sy 2iBE ). BT PCA-LDA
(AT Y L B 0 S B () A R L 2 R R Ry 5
¥4 100%. PLS-DA 43 215 %} MN/DN 43 25 ()
HERR B . R AR 100%,. 84t LOOCV
X R AT I — D R . S5 AR R, L UER

Wit T ST Wi AL T RETE . & 13 H A ES
78 T MN/GD A9 10 A~ E B 5 S 05 A 47 S0 i

1.0
08}
c\\o 0.6
% 0
Esl
o
o 0.4 1
\
02F
—— MN/DNFJROCIHZE (AUCH1.0)
0 0.2 0.4 0.6 0.8 1.0
TR %
11 MN/DN fJ ROC B4k
Fig.11 ROC curve of MN/DN
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Fig.14 Line graph of the variance percentage and cumulative
variance percentage of the first 15 PCs for MN/GD
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Tab.4 Numerical values of the variance percentage and

cumulative variance percentage of the first 15 PCs for

MN/GD
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