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Role of ferroptosis in pterygium based on bioinformatic analysis
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[ Abstract] Objective To investigate ferroptosis-related genes in pterygium tissue by using bioinformatic
analysis.  Methods  The pterygium gene expression profile dataset GSE2513 was downloaded from the Gene
Expression Omnibus Database to identify differentially expressed genes ( DEGs) related to ferroptosis. Functional
annotation and enrichment analysis of the DEGs were performed using Gene Ontology ( GO) and Kyoto Encyclopedia
of Genes and Genomes ( KEGG). Hub genes were identified from the DEGs using LASSO logistic regression analysis
and a support vector machine recursive feature elimination (SVM-REF). Single-gene GSEA analysis was performed on
hub genes and a competitive endogenous RNA interaction network was constructed to determine the RNA regulatory
relationships of the hub genes. Pterygium tissue samples from 9 patients (9 eyes) undergoing pterygium surgery and
conjunctival tissue samples from 9 patients (9 eyes) undergoing strabismus surgery who visited the First Affiliated
Hospital of Zhengzhou University were collected from 2022 to 2023 during surgery, and the expression of hub genes
and ferroptosis-related marker genes was detected by fluorescence quantitative PCR. This study followed the
Declaration of Helsinki, and the study protocol was reviewed and approved by the Ethics Committee of the First
Affiliated Hospital of Zhengzhou University ( No. 2022-KY-0006-001).  Results In the dataset, there were 37
ferroptosis-related genes with significant expression differences,including 16 upregulated genes and 21 downregulated
genes. GO analysis revealed significant enrichment in responses to external stimuli, responses to nutritional levels,

responses to extracellular stimuli, responses to oxidative stress and starvation, transcription regulatory complexes, and
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RNA polymerase Il transcription regulatory complexes, RNA polymerase Il -specific transcription,and DNA-binding

transcription. KEGG analysis showed that the DEGs were primarily enriched in ferroptosis and NOD-like receptor
signaling pathways. LASSO regression analysis identified DUOX2 ,ATF3 ,NDRGI1 ,EGR1 ,and ALDH3A2 as hub genes,
and SVM-REF analysis identified NDRGI,NF2,IDH2,DUOX2,CHP1,ATF3,and SREBF1 as hub genes. DUOX2,
ATF3 ,and NDRGI were identified as the intersection hub genes. Single-gene GSEA analysis revealed that DUOX2 was

enriched in the cell adhesion molecule CAMs pathway, the heparan sulfate glycosaminoglycan biosynthesis pathway,

and the glycosaminoglycan biosynthesis ganglioside series pathway. ATF3 and NDRGI were enriched in the PPAR

signaling pathway and other pathways. Compared with normal conjunctival tissue,the relative expression levels of the

ferroptosis markers PTGS2 and TFRC mRNA were increased in pterygium tissue,while the relative expression levels of

FTHI,GPX4,SLC40A1 ,HSPBI,and NFE2L2 mRNA were decreased, with statistically significant differences (¢ =

12.220,16.580,5. 664, 6.455,8.691,9. 883, 17.590; all P<0.01).

Conclusions  Ferroptosis may play an

important role in the pathogenesis of pterygium. DUOX2,ATF3, and NDRGI may be the hub genes affecting this

complicated process.
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AR i (] — 286 5 A BRI 58 Ao SEOIR R PR 2L A0 0

S AE WY 43 5l R (44.56£4.39) F1(27.87+8.42) %7,
A8 b L 22 S A St i L (1=5.266, P<0.001) 5
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1.2.2 DEGs IWEE M M R 444 clusterProfiler
{14 DEGs 47 3£ 5 4 {7 ( gene ontology, GO) I 5¢
HIEE 5 K WA H B 4 F (Kyoto Encyclopedia of
Genes and Genomes, KEGG) iH & & £ /081 , W 1IE P {H <
0. 05 L IA It {25 ' 4 f0 T i

1.2.3 Hldge I8P al el R R BofF
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7N, SR PR 2H 5 0] IR 2 ) 4 % R % 5 PR AR X 3R Gk 1
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Table 1 Primer sequences of gene

Signature Database ( MsigDB) {E }y HeH

ET 5145 (5°-3")

B 514 (37-5")

DUOX2

0 % B UR (R & KEGG F
REACTOME % 5@ & 1 B ¥ dl ). AT

CCCCTGACTGTGCTTGACTT
GAGTCGGAGAAGCTGGAAAGT

CCAGAGAGAAGCAGACTCACTAA
TCTGAGCCCGGACAATACAC

g . . NDRGI GAATGACATGAACCCCGGCA AGTTGCACTCCACCACGG

T AT B A LR, B IR 4y i

1000 AT T A AR 4 SLC40A1 TCCTTGGCCGACTACCTGAC CACAGACACCGCAAAGTGC
Y X —_

1 MR B e mA L, ACGCCTCCTACGTTTACCTG GAAGATTCGGCCACCTCGTT

FER P FRIE K TFRC

TCGGCAAGTAGATGGCGATA CCTGCCAGTCTCTCACACTC
1. 2. 6 X 4 A IncRNA-  ¢px4 GGAGCCAGGGAGTAACGAAG AGACGGTGTCCAAACTTGGTG
miRNA-mRNA 4 36 2 4 PE N i PTGs2 AATCCTTGCTGTTCCCACCC GTCCGGGTACAATCGCACTT
RNA %% (9 #9 2 i 5 miRcode  HSPBI GTGGACCCCACCCAAGTTTC ATCTCGTTGGACTGCGTGG
O R (http//www. mircode. org/  VFEXL2 CCAACTACTCCCAGGTTGCC AATGTCTGCGCCAAAAGCTG
GAPDH CTCCTGCACCACCAACTGCT GGGCCATCCACAGTCTTCTG

download. php ) # BUAH 5¢ miRNA
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2.1 BRFET-HISE DEGs (i 6 A1 2 RE & 4R 70 #r
MY B L0 2B 1 37 S ERSE TS M SE DEGs, K
21 AN FEH R GE TR, 16 IR GR IR (5% 2, &
1A) o BRAET- 4 OC DEGs 19 A0 ¢ 7 04 B B R,
DEGs H111y 27 4~ 5 HiAth DEGs 77 ££ A B AF H, 7] fig
W] 7 x4 DEGs fF/E T BN IF 42 R (& 1B) .

*2 BEREAHERKPELILTIHX DEGs
Table 2 Differentially expressed ferroptosis-related genes
in pterygium tissue

s Log, FC/P {d AL AT FerrDb 4} 2
ATGS -0.214/0. 048 B! UK 2y & A
YYIAPI -0.242/0. 048 T 9K gl 5k A
PTPN6 -0.363/0. 048 T UK 2y He R
ZFP36 -1.471/0. 048 T 31 441 K& A
FLT3 -0.592/0. 028 T UK gl 5k
NF2 -0.252/0. 028 A 317 1] K&
NR4A1 -2.045/0. 028 T 417 441 & A
SREBF?2 -0.382/0. 028 T 317 1t &
ACSF2 -0.627/0.016 T oK 3y £k A
EGRI -2.428/0.016 T UK gy He A
BRD3 -0.254/0.016 T 10 1 i PR
ALOXS -0.471/0. 008 A UK gl 5
ATF3 -2.983/0. 008 i IR By 3 A
JUN -1.605/0. 008 K ¥ 1 1] &
PLA2G6 -0.216/0. 008 A it e R
ALDH3A2 -0.331/0. 008 T 10 3 PR
CIRBP -0.280/0. 004 T oK 3l K& A
NDRGI -0. 870/0. 004 TR 0K 3 3% [
NFE2L2 -0.399/0. 004 T i A i)
cP -0. 819/0. 004 A 10 ) e TR
DUOX2 0.667/0. 016 A K 5 e
AKRIC3 0. 823/0. 016 1 1) 3 R
VDR 0.312/0. 016 A 00 i PR
PARPI2 0.237/0.016 1A 31 44 & X
FABP4 1.472/0.016 - 10 1) 35 A
SATI 0.278/0. 004 A oK gl £k A
CHPI 0.421/0. 004 +iA oK gl 5k A
SREBF1 0. 572/0. 004 LA 10 ) e
IDH2 0.398/0. 004 | 10
FBXW7 0.352/0. 048 i UK 2y i
CTSB 0.284/0. 048 A UK 3y K&
OSBPL9 0.338/0. 048 I 14 oK gy & A
GJAI 0.852/0. 048 A 0K 3y 3 [
KDM5C 0.273/0. 048 A oK gy 55 A
GCLC 0.348/0. 048 A 10 i e
ISCU 0.118/0. 033 A ElEE S
TLR4 -0.435/0. 048 T UK 5y e

E:DEGs: 22 R IA KL s FC . 22 AE 5L
Note ; DEGs ; differentially expressed genes;FC:fold change

GO A=yt 2o #7 7R , DEGs 3222 & 4 75 41 g
XiF A1 SRS SN A0 B 3R KT I Lk 4 A
SRS 0 5 g 4 A IO SR P s I o Xof L ) 52 N 5 48
B 53 AT S s, DEGs £ 25 4 TSR H W 2 &M
RNA GG # 5k A 25 70 F Y RE 0 R,
DEGs F 25 4 T RNA R4 5 1 5% 5 M 7% 1 DNA
itk (B 1C,1D) . KEGG i@ i & 4 70 #1 8w,
DEGs %5 4 F AL T2 \NOD Hf 37 {4 {5 5 38 % Fi 4k
A DU R A A5 S i (& 1E)
2.2 MRAIFEHE KR

XF 37 ASERAE T A 5¢ DEGs #E4T LASSO % 44 [v] 14
IrHr, RIS AR LN, Bl DUOX2 ATF3 NDRGI |
EGRI §1 ALDH3A2, SVM-RFE % %2 ) 7 /4~ X 41 3%
K, Bl NDRGI.NF2,IDH2 . DUOX2 . CHPI ATF3
SREBF1I . M 2 Fft J00 00 ASE 70 o A 1) 38 4, AR A% 3 4K
o 5 ], MRS ROC il £k 43 # 35 1iE DUOX2 | ATF3 |
NDRG1 7E 54 4 5 AUC {54 %4 0. 938 .0. 969 FI
1.000( & 2A)
2.3 ARLHFEA RS GSEA 4317

HIL R GSEA 43 #r 45 2 W /R, DUOX2 £ 41 Jifl
B 73 F CAMs i IR £ B T 25 05 B S8 0 4= ) & Al
B BE R R A AR & R A R s &
ATF3 F1 NDRGI 7t PPAR % {5 5 id i & &£ (K
2B~D),
2.4  ceRNA X% [ b 4t

1625 W38 {4 2% 22 18 , IncRNA 5 miRNA % mRNA
VF1) 7 6 R EL R A R, M ) 52 e 41X 2 0k TR A7 ol A 9 2
RE. UL DUOX2 . ATF3 I NDRGI jy ¥ J5 , #h %
IncRNA-miRNA-mRNA [ ceRNA W&, 3545 T 81 /M1E
TargetScan .miR-TarBase 1 miRDB % #i /4% 2 [i] 750 0 119
X 2 2 R AH OC 3/ 455 miRNA | 3 F 3X 26 miRNA JREC T
139 > HA AR LRI IncRNA (& 3) .
2.5 FEARES P AL A0 R ZH AX 1 PR AR P8 T ARl
%35

S St it PCR 45 R R, 5% B4l i, 31
KRB WA 3 A HE o DUOX2 mRNA AH X K35 &=
W1 7+, ATF3 Fl NDRG1 mRNA X} REHH BT
e, 2584 502 8 (1= 3.339,22.370,23. 560,
¥ P<0.05) o BRACT-Fic 3 N o, BOIR B N 41 PTGS2
M TFRC mRNA A% 2 ik & 8] B Jh 5, FTHL , GPX4 |
SLC40A1 HSPB1 il NFE2L2 mRNA #i %f 3 ik & W
FEAG, 2 5 WA g it 22 B X (1 =12.220, 16. 580,
5.664,6.455. 8.691,9.883,17.590, ¥ P < 0.01)
(%3),
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Figure 1

Red represented up-regulated gene expression, and blue represented down-regulated gene expression

enriched genes,number of selected genes,and enrichment factor in GO enrichment analysis

BP : biological process; MF:molecular function; CC; cellular component
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A S RO A5 1) S B, 2 T R A 1 200 i 4 4 A 33
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Identification and enrichment analysis of ferroptosis-related DEGs A :Heat map of DEGs expression in pterygium group and control group

B Correlation heat map of DEGs
D :GO functional analysis of DEGs

C: Number of
E:KEGG analysis of DEGs
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Table 3 Comparison of relative mRNA expression levels of hub genes and ferroptosis marker genes between control

group and pterygium group (xs)

4 5 FF N DUOX2 ATF3 NDRG1 FTH1 GPX4
pupiiek:h 9 1. 062+0. 205 1.002+0. 078 1.002+0. 074 1. 009+0. 166 1.007+0. 166
HRB A4 9 16. 465+6. 204 0.001+0. 001 0.001x0. 001 0. 449+0. 042 0.399+0. 082
¢l 3.339 22.370 23.560 5. 664 6. 455
P 0. 044 <0.001 <0.001 0. 005 0.003

4 51 FEAS PTGS2 SLC40A1 TFRC HSPB1 NEFE212
pugiekil 9 1.001+0. 041 1. 003+0. 096 1.004+0. 103 1.005+0. 118 1.001£0. 044
FARB R4 9 4.074+0. 434 0.441+0. 058 2.248+0.079 0.285+0. 044 0.363+0. 045
oy 12.220 8. 691 16. 580 9.883 17.590
P14 <0.001 0.001 <0.001 <0.001 <0.001

T (ML REAS ¢ )

Note: (Independent samples i-test)
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