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[Abstract] Objective:To explore the relationship between osteoarthritis and nicotinamide metabolism-related genes using
bioinformatics analysis, and identify key genes with diagnostic value and therapeutic potential. Methods - By using "Osteoarthritis"
as a search term, GSE12021, GSE55235, and GSE55457 were obtained from the GEO database, with GSE55457 being used as the
validation set. After removing batch effects from the GSE12021 and GSE55235 datasets, the standardized combined dataset was
obtained and used as the training dataset. Differentially expressed genes (DEGs) were identified from the training dataset. All
nicotinamide metabolism-related genes (NMRGs) were obtained from the GeneCards and MSigDB databases. The intersection of
DEGs and NMRGs was taken to obtain nicotinamide metabolism-related differentially expressed genes (NMRDEGs). Gene set
enrichment analysis (GSEA) was performed on the training dataset, while gene ontology (GO) and Kyoto encyclopedia of genes and
genomes (KEGQG) analysis were performed on NMRDEGs. Key genes were selected by using least absolute shrinkage and selection
operator (LASSO) and support vector machine (SVM) analysis in NMRDEGs to build an osteoarthritis diagnosis model which was
validated by using the GSE55457 dataset. Single sample gene set enrichment analysis (ssGSEA) was used to analyze the immune
cell infiltration type. Interactions networks and drug molecule predictions were obtained for these key genes’ mRNA with the
DGIdb, ENCORI, and CHIPBase databases. siRNA was used to knock down the key genes in chondrocytes, and then real-time
fluorescence quantitative polymerase chain reaction (RT-qPCR) was used to detect the expression of chondrogenesis-related genes.
Results- Seven NMRDEGs, including NAMPT, TIPARP, were discovered. GO and KEGG analysis enriched some signaling
pathways, such as nuclear factor-«kB signaling pathway and positive regulation of interleukin-1-mediated signaling pathway. GSEA
enriched pathways such as Hifl Tfpathway and syndecan 1 pathway. Key genes NPAS2, TIPARP, and NAMPT were identified
through LASSO and SVM analysis, and used to construct an osteoarthritis diagnostic model. The validated results showed that the
diagnostic model had high accuracy. Immune infiltration analysis results obtained by ssGSEA showed significant differences (all P<
0.05) in 15 types of immune cells, including macrophages. Seven potential small molecules targeting key genes were identified,
along with 19 miRNAs with the sum of upstream and downstream >10, 19 transcription factors with upstream and downstream >7,
and 27 RNA binding proteins with clusterNum >19. The results of RT-qPCR showed that knocking down key genes reduced the
expression of chondrogenesis-related genes. Conclusion:Through bioinformatics analysis, key genes related to nicotinamide
metabolism, NPAS2, TIPARP, and NAMPT, are discovered, and an osteoarthritis diagnostic model is constructed.
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Tab 1 Sequences for siRNA

siRNA Sense (5—3")
SINPAS2 CAAAGGAAUUUCCAACUUAUGTT
SINAMPT GCAGGACUUGCUCUAAUUAAATT
siTIPARP CCAAGAGAACGGAAUUGAAAUTT

%2 RT-qPCRE|¥FF]
Tab 2 Primer sequences for RT-qPCR

Primer Forward primer (5—3")
B-actin CCTCTATGCCAACACAGT
ACAN TGGAGACAAGGATGAGTTTCC
SOX9 AACACCTTGAGCCTTAAAACG

110 il
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chromosome-box transcription factor 9, SOX9) [#) 3
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Antisense (5—3")
CAUAAGUUGGAAAUUCCUUUGTT
UUUAAUUAGAGCAAGUCCUGCTT
AUUUCAAUUCCGUUCUCUUGGTT

Reverse primer (5—3")
AGCCACCAATCCACACAG
GGCGAAGCAGTACACATCATA

GATTTCATCTCCTTTGCTTGC
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Note: A. PCA plot of the merged datasets before batch effect removal. B. PCA plot of the merged dataset after batch effect removal.
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Fig 1 Batch effect removal and PCA
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Note: A. Volcano plot of DEGs analysis in the OA group and the control group in the training dataset. B. Venn diagram of DEGs and NMRGs in the training
dataset. C. Group comparison chart of NMRDEGs in the training dataset. D. Group comparison chart of NMRDEGs in the validation set GSE55457. “P<
0.05, 2P<0.01, ®P=0.000, comparison between the control group and the OA group.
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Fig2 DEGs expression analysis
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Note: A. The results of GO enrichment analysis combined with difference analysis results of NMRDEGs logFC network diagram display. B. The pathway

KEGG enrichment analysis results of NMRDEGs combined with the difference analysis results of logFC network diagram display.
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Fig3 GO and KEGG enrichment analysis for NMRDEGs
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Note: A. Glucocorticoid receptor pathway. B. Hifl Tfpathway. C. Syndecan 1 pathway. NES—normalized enrichment score; FDR—false discovery rate.
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Note: A. LASSO regressor trajectories for NMRDEGs. B. LASSO regression diagnostic model diagram. C. The number of genes with the highest accuracy
rate obtained by the SVM algorithm. D. The number of genes with the lowest error rate obtained by the SVM algorithm. E. Venn diagram of the intersection of
SVM and LASSO models. F. Boxplot of functional similarity analysis of key genes.
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Fig5 Intersection of LASSO and SVM models
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Note: A. The key genes are included in the forest plot of the single factor Logistic regression model. B. The key genes are included in the forest plot of the
multi-factor Logistic regression model. C. The nomogram of the key genes and Logistic predictive scoring model in the training dataset. D. The nomogram of
the key genes and Logistic predictive value scoring model in the validation set GSE55457.
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Fig 6 Diagnostic model of OA

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

Vol.44 No.2 Feb. 2024



TRBEREAC ARG 5 e ke e iR | 153

B C
10r 1.0 - 0.6 -
0.8 0.8 >
2 2
Z 06 Z 06 5
E E 5
a, = 5
s 04T g 04F Iz .
2 2 o1l — logreg_predictors
< < - All
02 —Apparent 02 — Apparent — None
Bias corrected Bias corrected 0
Ideal line Ideal line
Il Il Il Il ] L 1 1 Il ] -0.1 L L L ]
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 025 0.50 0.75 1.00
Predicted probability Predicted probability Risk threshold
E F
0.6 - 101 - 1.0 —'—/'
 Ripeeore 058 J 08
041 — None = ’ J—J 7 o ‘ it
=4 7 4 ’
o. L7 9 e
s 02Ff = 06T , Z ,
Q > 7’ Z\ 4
: E ’ 2 o
5 0 £ 04 . Z .
z 5 . 2 .
- /& NPAS2 (AUC=0.929) s o NPAST (AUC0-830)
_ L , - TIPARP (AUC=0.920)
0.2 0.2 , TIPARP (AUC=0.968) — NAMPT (AUC=0 810
/" — NAMPT (AUC=0.926 (AUC=0.810)
L7 —logreg_predictors (AUC=0.989) —logreg_predictors (AUC=0.860)
-0.4 L . . . L h A ) L L . )
0 0.25 0.50 0.75 1.00 0 0.25 0.50 0.75 1.00 0 0.25 0.50 0.75 1.00
Risk threshold

1-Specificity (FPR)

1-Specificity (FPR)

Note: A. Calibration plot of the Logistic model in the training dataset. B. Calibration plot of the Logistic model in the validation set GSE55457. C. DCA plot
of the Logistic model in the training dataset. D. DCA plot of the Logistic model in the validation set GSE55457. E. The ROC curve of the Logistic model in the

training dataset. F. The ROC curve of the Logistic model in the validation set GSE55457. FPR—false positive rate.
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Fig 7 Validation analysis of OA diagnostic model
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Note: A. Respiratory electron transport ATP synthesis by chemiosmotic coupling and heat production by uncoupling proteins. B. Interferon o/f signaling.

C. Glycolysis and gluconeogenesis.
8 ETHENKESER GSEA
Fig 8 GSEA based on high-low risk stratification
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Note: Group comparison chart showing the differences in immune infiltration between the OA group and the control group in the training dataset. "P<0.05,

2p<0.01, ®P=0.000.
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Fig 9 Training dataset immune infiltration analysis by ssGSEA algorithm
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Note: A. mRNA-drug interaction network between key genes and small molecules. B. mRNA-miRNA interaction network of key genes and miRNA.
C. mRNA-TF interaction network of key genes and transcription factors. D. The mRNA-RBP interaction network of key genes and RBP.
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Fig 10 mRNA interactome network and drug prediction

1.5 1.5 1.5
2Z10f £z 10} E=Z 10}
g3 53 £ ®
z3 <= <3
£s , Z% 0 Z%
g9 ® ED A
22051 25051 2505¢F
= g g
Q — _—
& K &
0 - 0 - 0 -
Control SiNPAS2 Control siTIPARP Control SINAMPT
1.5 1.5 1.5 ¢

g 1.0 g“ 1.0 - 1.0

S = L 2 L
g é . ﬁ >Q< . %% .
<2 =2 <>
£ 2 Z% N

— ® 3} @ &=
g2 ° 5 E 2
2=205F z~ 05F 2205}
= = g
= S =
& " &

- 0 - 0 -
Control SiINPAS2 Control siTIPARP Control SINAMPT
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Fig 11 The relative mRNA expression of ACAN and SOXY after knocking down key genes
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