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[Abstract] Objective: This study aimed to exploration of glycosylation - related genes and immune infiltration analysis of IgA
nephropathy (IgAN). Methods: [gAN datasets were obtained from the GEO database. Then differentially expressed glycosylation-related
genes and functional enrichment analyses were identified. Next, optimal feature genes (OFGs) were selected using least absolute
shrinkage and selection operator (LASSO) , support vector machine recursive feature elimination (SVM - RFE) , and random forest
algorithms. The expression of OFGs in IgAN were validated by immunohistochemistry staining, Western blot, and the Nephroseq v5
database. OFGs were further used to create a nomogram model, compare immune cell infiltration and construct a ceRNA network.
Results: After screening, three OFGs of ST8 alpha-N-acetyl-neuraminide alpha-2, 8-sialyltransferase 1(ST8SIA1), chondroitin sulfate
synthase 1 (CHSY1) and phosphatidylinositol N -acetylglucosaminyl transferase subunit H (PIGH) were first reported. The nomogram
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model showed that OFGs had good predictive value for IgAN occurrence. Compared to normal samples, [gAN showed increased
infiltration of CD8"T cells, naive CD4" T cell, memory activated CD4" T cells, resting dendritic cells, and resting mast cells, while naive B
cells, plasma cells, memory resting CD4 " T, activated mast cells, and neutrophils were reduced. OFGs were associated with memory
activated CD4" T cells, memory resting CD4" T cells, naive CD4" T cell, naive B cells, etc. The validation experiments also revealed that
the expression levels of CHSY 1 and PIGH were significantly decreased, while the expression level of ST8SIA 1 was significantly increased
in IgAN compared with minimal change nephropathy. Of note, the expression levels of OFGs in diabetic nephropathy and minimal change
nephropathy were not statistically different. A ceRNA network consisting of 117 IncRNAs, 67 miRNAs, and 3 OFGs was constructed.
Conclusion: ST8SIA1, CHSY1, and PIGH were identified as potential targets for diagnosis and treatment of IgAN. In conjunction with

immune cell infiltration and ceRNA network, these results offer a novel perspective for future research on [gAN.
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A: The heatmap of the top 20 upregulated and downregulated DEGRGs. B: The bubble diagram of GO analysis for DEGRGs. C: The circle diagram
of GO analysis for DEGRGs.
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Figure 1 Differentially expressed glycosylation-related genes and their functional enrichment analysis
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Table 2 KEGG pathway enrichment analysis of differentially expressed glycosylation-related genes

Pathway P Adjusted P Gene number
Glycosphingolipid biosynthesis <0.001 <0.001 14
Mucin type O-glycan biosynthesis <0.001 <0.001 12
Glycosaminoglycan biosynthesis <0.001 <0.001 9
Other types of O-glycan biosynthesis <0.001 <0.001 8
N-Glycan biosynthesis <0.001 <0.001 8
Glycosylphosphatidylinositol-anchor biosynthesis <0.001 <0.001 6
Various types of N-glycan biosynthesis <0.001 <0.001 4

Mh £, $on 7 F 4 B H A n] S T A 8 (A
3B) . FERIFE S Ml 2, S A N AL e e T
IRER , 3% B FE T 51 42 B 1 Tl vl e A TgA R 3R a8
(EI3C). LilRgs R IR, OFG 1E IgAN [ K i Ll
Wk EEAEH .
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A: Selection of tuning parameter lambda in LASSO regression analysis using ten-fold cross-validation. B: LASSO coefficient profiles of diagnostic
genes. C: Line graph shows the cross-validated accuracy in the SVM-RFE model. D: Line graph shows the cross-validated error in the SVM-RFE model.
E: The effect of the number of decision trees on the error rate. F: The importance of the top 30 DEGRGs in the RF model. G: Venn diagram demonstrates

the intersection of diagnostic markers obtained from the three algorithms. H: The AUC for IgAN samples was determined using a logistic regression model

I: ROC curves of the OFGs.
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Figure 2 The screening and validation process of the optimal feature genes related to glycosylation
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Figure 3 Nomogram model for predicting IgAN risk based on the optimal feature genes
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Figure 4 Functional enrichment analyses of the optimal feature genes
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IgAN R 3EAE N . CDA 4IHET 40 i & — 28k
28 B0 SRR ) T 40 A, T 7R 0SB B R B 2 AN P
TG T 5, AR AN [F) 4 R 7 3R 58 o AN AN [F)
Reff A T4 . Kiinzli £ 74158 CD4* e A2 T 41
A A T4 B B AL, AR 2H 23 G 52 T IR K
PR, B2 5L B 5 % B HE R A
PERE . 4hFE B AA 2 b F oL B B 40, 1%
B B 4 B AE B2 e a8 LR S 22 KB R 4 i B

1740 P R 2 B R N AR G ) R — T B
2, 5 H A S gn ) 2 AR 78 JORE B MR
o PE S5 2 P R R IEAE Y SR, 1K L G g
4 JLAE TgAN (1A F AL o AN 5 48, 75 22k — 2P
Tt 555K i) B

miRNA fl IncRNA |72 Z 5 [gAN [ & Ii ML,
5 IgAN [y HEAR A G, R R T
—/> ceRNA M 2%, Jf % 7€ tH 117 4> IncRNA A1 67 4~



%4455 123 Al R, S i, kR WA DRI R T (1) Tg A B IR TN AR 20 R 47 28 4 M 32 5 23 B L) .
2024412 A B R RS R CH AR RLERRD , 2024, 44(12): 1671-1681 *1681°

miRNA 1E A AE I OFG W45 K 1.

ZR BRIk, A 5T E KHRIE T CHSY 1. PIGH 1
STSSIA 1 /E A HEIELAH 5 OFG, 7E IgAN 12 b B
AR TN AE, 7T fE @ I o 248 05 M BC AR 52 AR A0 B
A PRI A S 450 M, I Y O A R S R AR
FH 5 Aok 75 BT 2 RN IR PO R 1 SIS0 AIE
[ 5% k]

[1] SCHENA F P, NISTOR I. Epidemiology of IgA nephropa-
thy: a global perspective [J]. Semin Nephrol, 2018, 38
(5):435-442

[2] FLOEGE J, WIED S, RAUEN T. Assessing prognosis in
IgA nephropathy[J]. Kidney Int, 2022, 102(1):22-24

[3] SUZUKI H, NOVAK J. IgA glycosylation and immune
complex formation in IgAN [J]. Semin Immunopathol,
2021,43(5):669-678

(4] RIPPF, SNEFT, RUR, 55 JEE R DR Z 5 1gA B
BEF MRS R R ] B ERR AR (H AR
EJRD,52023,43(1):53-59

[5] STAUDACHER E, VAN DAMME E J M, SMAGGHE G.
Glycosylation-the most diverse post-translational modifica-
tion[ J . Biomolecules, 2022, 12(9): 1313

[6] DE VELLIS C, PIETROBONO S, STECCA B. The role of
glycosylation in melanoma progression[J]. Cells, 2021, 10
(8):2136

[7] ESMAIL S, MANOLSON M F. Advances in understanding
N - glycosylation structure, function, and regulation in
health and disease[J]. Eur J Cell Biol, 2021, 100(7/8):
151186

[8] LIJJ,GUO B, ZHANG W Q, et al. Recent advances in
demystifying O - glycosylation in health and disease [J].
Proteomics, 2022, 22(23/24) : €2200156

[9] CHEN B B, KHODADOUST M S, LIU C L et al. Profiling
tumor infiltrating immune cells with CIBERSORT [J].
Methods Mol Biol, 2018, 1711:243-259

[10] ZABCZYNSKA M, LINK-LENCZOWSKI P, POCHEC E
W. Glycosylation in autoimmune diseases [J]. Adv Exp
Med Biol, 2021, 1325:205-218

[11] LIU J J, TIAN Z W, LIU T Z, et al. CHSY is upregulated
and acts as tumor promotor in gastric cancer through regu-

lating cell proliferation, apoptosis, and migration[J]. Cell

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Cycle,2021,20(18):1861-1874
LUAN J J, PENG X D, LIN J, et al. The therapeutic poten-
tial of chondroitin sulfate in Aspergillus fumigatus keratitis
[J1. Mol Immunol, 2022, 147: 50-61
CEOL M, VIANELLO D, SCHLEICHER E, et al. Heparin
reduces glomerular infiltration and TGF - beta protein
expression by macrophages in puromycin glomerulosclero-
sisLJ]. J Nephrol,2003, 16(2):210-218
TREMBLAY -LAGANIERE C, KAIYRZHANOV R, MA-
ROOFIAN R, et al. PIGH deficiency can be associated
with severe neurodevelopmental and skeletal manifesta-
tions[J]. Clin Genet,2021,99(2):313-317
METER D, RACETIN A, VUKOJEVIC K, et al. A lack of
GD3 synthase leads to impaired renal expression of con-
nexins and Pannexinl in St8sial knockout mice[J]. Int J
Mol Sci, 2022,23(11): 6237
SARKAR T R, BATTULA V L, WERDEN S J, et al. GD3
synthase regulates epithelial -mesenchymal transition and
metastasis in breast cancer[J]. Oncogene, 2015, 34(23):
2958-2967
KUNZLI M, MASOPUST D. CD4" T cell memory[J]. Nat
Immunol, 2023,24(6):903-914
WEISEL N M, JOACHIM S M, SMITA S, et al. Surface
phenotypes of naive and memory B cells in mouse and hu-
man tissues[ ] ]. Nat Immunol, 2022,23(1): 135-145
NEMETH T, SPERANDIO M, MOCSAI A. Neutrophils as
emerging therapeutic targets [J]. Nat Rev Drug Discov,
2020, 19(4):253-275
WU J J, ZHANG H, WANG W W, et al. Plasma microR-
NA signature of patients with IgA nephropathy[J]. Gene,
2018,649: 80-86
SHEN M, PAN X Y, GAO Y J, et al. LncRNA CRNDE
exacerbates IgA nephropathy progression by promoting
NLRP3 inflammasome activation in macrophages[J]. Im-
munol Invest, 2022,51(5): 1515-1527
GUO N, ZHOU Q, HUANG X, et al. Identification of
differentially expressed circulating exosomal IncRNAs in
IgA nephropathy patients [J]. BMC Immunol, 2020, 21
(D:16

[WFsBH#A] 2024-03-21

(ARTEmAE: BRI B



