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Research on screening the key genes of age-related hearing loss by GEO database

ZHANG Lixia, LI Lin
Shanxi Bethune Hospital/Shanxi Academy of Medical Sciences/Third Hospital of Shanxi Medical University, Tongji Shanxi Hospi-
tal, Taiyuan 030032, Shanxi, China

Abstract: Objective Screen for the key genes of age-related hearing loss ( ARHL ) using bioinformatics methods, and provide a
new theoretical basis for the clinical diagnosis and treatment of ARHL. Methods Two data sets related to ARHL were obtained
from the GEO database and differentially expressed genes( DEGs) were analyzed using the GEO2R tool. DEGs were analyzed using
Gene Ontology ( GO) and Kyoto Encyclopedia of Genes and Genome ( KEGG) enrichment analysis using the DAVID tool, and a
protein-protein interaction ( PPI) network was constructed based on STRING database and Cytoscape software. The key genes were
screened by the CytoHubba plug-in in Cytoscape software. Key genes were verified in the DEAF model mice. Results 100 DEGs
( Differentially Expressed Genes) were selected from the GSE127204 and GSE196870datasets, and the enrichment analysis of GO
and KEGG found that they were mainly enriched in cytokine-cytokine receptor interaction and other pathways. Key genes were
selected by Cytoscape software, including /RF7, PTPRC, CXCL10, IFI44, IF1204, USP18 and CD4. On this basis, RT-qRCR was
used to detect the expression of 7 key genes in mouse cochlear tissue, which further verifying that the above 7 genes were highly
expressed in age-related deafness. Conclusion In this study, bioinformatics screening combined with RT-qRCR detection of mouse
cochlear tissue and other experimental results confirmed that the expression of 7 key genes was significantly increased in age-related
hearing loss.This study provides a new idea and theoretical basis for the early diagnosis and clinical treatment of age-related hearing
loss.
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Table 1 Primer sequence
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GAPDH-F GAGTCAACGGATTTGGTCGT
GAPDH-R TTGATTTTGGAGGGATCTCG
Irf7-F CCAGTTGATCCGCATAAGGT
Irf7-R GAGCCCAGCATTTTCTCTTG
Ptprc-F AAACCCAGAAGGCTGGAAGT
Ptprc-R TTTGCTGTGGCCATTCATAA
Cxcl10-F CCCACGTGTTGAGATCATTG
Cxcll0-R CACTGGGTAAAGGGGAGTGA
IF144-F CAGGCTTGGTCACTGAGACA
IF144-R CTGCACACTCGCCTTGTAAA
IF1204-F CTGGATTGGGCAAACTGATT
IF1204-R CTCTTCCTGGGTTGCAGAAG
USP18-F TGAAAGCTCACACACGGAAG
USP18-R GTATCCCCCACATTTGCATC
Cd4-F CAGGAAGTGAACCTGGTGGT
Cd4-R TCCTGGAGTCCATCTTGACC
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Figure 1 Identification of differentially expressed genes
A Volcano plot of DEGs in the GSE196870 dataset; B Volcano plot of DEGs in the GSE127204 dataset; C; Heat map
of the top 15 up-regulated and down-regulated DEGs in the GSE196870 dataset; D: Heat map of the top 15 up-regulated

and down-regulated DEGs in the GSE127204 dataset; E: Venn diagram of differential genes shared between GSE196870
and GSE127204
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Table 2 Top 15 up-regulated and down-regulated differentially Table 3 Top 15 up-regulated and down-regulated differentially

expressed genes in the GSE127204 dataset expressed genes in the GSE196870 dataset
HH 4 log,FC P FibIKF HK 4 log,FC P FikIKF
Immp2l 5.31 0.000 259 A Ighg3 2.05 0.000 017 FIH
Glycaml 3.54 0.022 451 A Igkv9-124 2.03 0.000 026 FIH
Irf7 3.08 0.005 544 A Ighv1-50 1.84 0.003 868 M
Cxcll3 2.81 0.000 180 A Igkv4-80 1.80 0.000 058 FiE
H2-Abl 2.67 0.000 483 A Igkv4-72 1.79 0.000 820 FiE
H2-Aa 2.66 0.001 950 A Ighv8-12 1.76 0.000 027 i
Ifit3 2.58 0.007 230 A Igkv4-70 1.76 0.000 260 FiH
Lyz2 2.52 0.000 045 A Ighv1-72 1.76 0.000 783 i
H2-Ebl 2.46 0.001 264 A Ighv3-6 1.63 0.002 110 i
Oasla 2.41 0.005 213 A Ighv1-58 1.62 0.002 989 A
Gbp6 2.34 0.003 080 A Ighv1-9 1.61 0.003 811 A
Ifit3b 2.31 0.010 053 LA Igkv15-103 1.59 0.002 423 A
Tgtpl 2.22 0.005 980 i Ighv2-9-1 1.57 0.001 162 A
Ccll2 2.20 0.041 697 R Tgkv2-109 1.55 0.000 644 A
Ifi44 2.16 0.014 633 A Igkv5-39 1.54 0.008 395 19
Nme7 -1.33 0.033 238 T Chrnb3 -0.87 0.009 442 T
Mepe -1.39 0.035 306 B Mylk4 -0.87 0.010 462 TR
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Camk2g -1.55 0.028 466 TR Gm16276 -0.95 0.017 586 T
Ppp1r26 -1.63 0.000 001 TR Myh2 -0.96 0.020 576 T
Trim39 -1.78 0.024 882 TR Thbs4 -0.98 0.000 030 T
Colla2 -1.87 0.000 825 TR Gm22613 -1.03 0.000 080 T
Eif4a2 -1.87 0.005 166 T Tff2 -1.05 0.008 101 TR
Col3al -1.91 0.002 990 TR Hamp -1.09 0.006 368 TR
Ibsp -2.20 0.008 117 T Fgf23 -1.14 0.000 112 T
St6galnac6 -2.36 0.002 124 TR Bpifbl -1.64 0.004 266 TR
A GSE127204 B GSE196870
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Figure 2 GSEA enrichment analysis
A :GSE127204 dataset; B; GSE196870 dataset
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Figure 3 Functional enrichment analysis of common DEGs
A-C. Bubble plot of GO enrichment analysis of common DEGs: Cellular Component , Biological Process ,Cellular Com-
ponent; D: Bubble plot of KEGG enrichment analysis of common DEGs
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Br, #4285 T DEGs 9 PPI M %% (&l 4A) ., FH K, 43 4% . IRF7, PTPRC . CXCL10 ., IFI44 | IFI204 .



IR K SR IR 2235 2025 4 5 F 4539 4% 453 10

- 110 - Journal of Otolaryngology and Ophthalmology of Shandong University, Vol.39, No.3, 2025

USP18 Fl CD4 , #5¢ B ¥ L 4% )\ Cytoscape H {4
Fith (14B)

AR HE £ E 1Y 7 4 hub FE K /E GSE196870
JRIR ARG T i ek mAE N AR AT T AT,
FIRG A AR M A BT, E LA 4 AT AR 3] T PCL
5 PC2 EimrAs s, BATA TR LA 97.3% 1Y i
TR 0] DUE R [X 40 Xof R A B AR 5 5 700 4 R AR G 4K

A

Kl 4 Hub FH 4T

5 (E5A) . )5, BATRIH RGBT L0 7O
PRIk (0 LS (8], 8 7 T ik R e A A v 1) % B 3 A
(EI5B), BLAM, R T 87 ik 3 PR 22 J) A A+ O
WFFE 2l T OB SE DR A A DG AR (181 5C) , 2521
R, IRF1 5 IFIA4 IFI204 . USP18, V)l % IFIA4 5
USP18,IFI204 5 CD4  USP18 2 [a] FLA i 35 1Y 1 4H
Xk, CXCL10 5 CD4 PTPRC Z[a) AT ARG

1fi204

Uspl8

Cd4

A:DEG K PPI M%%; B: 5T CytoHubba fY degree 43T % /& 15435 e FATT 7 5L A

Figure 4 Hub gene analysis

A PPI of common DEGs; B: The top seven genes with the highest score identified based on Degree analysis in Cyto-

Hubba
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Figure 5 Hub gene analysis
A: PCA principal component analysis; B: Mountain plot of hub gene; C. Matrix correlation analysis
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Figure 6 Expression levels of key genes in age-related ears in the GSE127204 and GSE196870 datasets
A The expression of hub genes was visualized in the GSE127204 dataset; B . The expression of hub genes was visualized
in the GSE196870 dataset
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Figure7 RT-qPCR was used to verify the expression levels of candidate genes
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Table 4 RT-PCR was used to verify the expression levels of candidate genes
S 12 HIB4H vs. 18 HIAH vs. 24 HIBA vs.
- 2 HitAH 2 HikdH 2 HitdH
IRF7 0.016 4 0.000 3 <0.000 1
PTPRC 0.000 3 <0.000 1 <0.000 1
CXCL10 0.0140 0.000 4 <0.000 1
IF144 0.003 6 0.000 1 <0.000 1
TF1204 0.001 4 <0.000 1 <0.000 1
USP18 0.000 5 <0.000 1 <0.000 1
CD4 0.040 4 <0.000 1 <0.000 1
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