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Abstract

Burn pain is a critical factor affecting the recovery and quality of life of burn patients. Its underlying
mechanisms are complex, involving multiple inflammatory and immune signaling pathways. This
study integrates bioinformatics and experimental validation to identify key genes closely associ-
ated with burn pain and to explore their potential clinical value as therapeutic targets. Gene expres-
sion profiles (GSE19743 as the training set and GSE37069 as the validation set) were retrieved from
the GEO database, and pain-related genes were screened via the GeneCaRNA database. Subsequent
analyses included differential analysis, GO and KEGG enrichment analyses, and PPI network con-
struction and visualization. Three machine learning algorithms—LASSO regression, SVM, and RF—
were employed to identify key genes, following which a diagnostic model was established and eval-
uated using ROC curves and DCA. RT-qPCR validated candidate gene expression in peripheral blood
samples. A total of 117 differentially expressed burn pain-related genes were identified, primarily
enriched in inflammatory signaling pathways such as PI3K-Akt and MAPK. IFNG, IL10, and TLR4
were consistently identified as key feature genes across all three machine-learning methods. The
diagnostic model based on these genes demonstrated excellent performance in the GSE37069 vali-
dation set, achieving an AUC of 0.959. RT-qPCR validation indicated that IL10 was significantly up-
regulated in burn patients, IFNG expression was decreased, while TLR4 expression showed no sig-
nificant difference, partially in line with bioinformatics predictions. These findings suggest that
IFNG, IL10, and TLR4 may be involved in burn pain occurrence and maintenance by modulating im-
mune and inflammatory responses, thus showing promise as diagnostic biomarkers and therapeu-
tic targets. Further research into their signaling pathway mechanisms and clinical intervention
value is warranted.
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2. 753k
2.1. BElsR

AT 5T A F ) )1 25 20 a0 4 (GSE19743) Al ik 2H £ 95 42 (GSE37069) 42Kk H GEO ##i& i (The Gene
Expression Omnibus database, https://www.ncbi.nlm.nih.gov/). -, GSE19743 ¥4E£EE & 114 thketikt
A0 63 g FEXT LA, T GPL570 P&, M TIPS EAIMAHRZERRILILK; GSE37069 itk
f1 75 553 BB FEARN 37 i HExS FEAEA, H T-401E NRDEGs [M#iA7KF-. B RH “sva” B
TH BRI RN, BfRaE BATEEME . hAh, M GeneCards {4/ F (https://www.genecards.org/genecarna) 4 2% Jf:
NECTHHIRIEVES > 5 IPIRAH G RN, B SN 78T AR BEAT S5 LS T .

2.2. RARG R REEXERREER

EINGRERFE T, B 78R H Wilcoxon fa % 40 Hrbe i 5 IR H AR A h M AH O EE R (I s 22 5+, B
Jafd A limma B3R IA R [ 14 58 2 7 Rk FE K (DEGS) . ¥ GeneCards $¥ T £ 1%diAH R F K 5
DEGs HUZ4E, ik Bt A 56 22 57 6 ik KL K (DEPRGs), 7€ i bRtk Ay adj.P.value < 0.05, @it K 1L
KR # & 7~ DEPRGS [H3RIE % 7

2.3. GO 1 KEGG B&E4#r

AT B 5 DEPRGs RIAY#ER . BAVER “cluster Profiler” R A%} [k 22 R R34 7 &
IRl A AR (GO AN 5T 5 5 [R AL R 4 1 B4 H (KEGG)l % & 42 0 #r, 1L FDR{H < 0.05 1F il i & S ik
FrdE, AT E LRI TIREIEM L “ggplot2” R AHEAT IE B A AT AL o

2.4. EREIEMEME

AT IR 153 1¥) DEPRGs $ A\ STRING %4 7 (https://wwwe.string-db.org/), iE£E4F 4 A J5(Homo
sapiens), KA AT AE FE A BE N 0.4, FELBR R A, MRS 0T TLAE (PP 48 T 3 R: R A
HAEREHE . BEfS, 52T N DEPRGs AHE/ERI SO, flifH Cytoscape #AFHEAT &% il AL, A
JE S E L N TR SR S HE o BhAh, ATt 454 Cytoscape %k ) cytoHubba Jdift:, HEA7 8 A B E sy
Hr, DLRGI G D ek

25. HEBEFIFEXEER

AT G N 0 10 e A 2 e VAl vh ) S 4 E [, SR LASSO.SVM Al RF =HlL 2% 2% 31 J5 44} cytoHuaab
3 H VP R 2R R AT 45 B W e B/ NSRS IR R ST (LASSO) & —FP& T L1 IERIME, @it 5l
NG R B D WA, SETHIRS R . SCRF I EAL(SVM) [11]8 — B 2 S 5k, 75 i 4= A o
PR AR ST, 45 B A% BB B AR R PR o S I, & T/ IR o« BENLARMR(RF) [12]02 — Pk
TEERE S AR, 38 A 2 BRI S R I SR BT L], B B iR E PR S 0 B 2
CEMIRE N, BEA A m e, AR RRE R, HAEAYE B ME SIS IER Z N . BT
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HoWERIEBESHEIFEMR, 2514 “glmnet” . “kernlab” 1 “randomForest” fls2H. &%, W=
Pl SE R A RO S B [N, IE M GSE37069 $id 45 Fh R B 3R 55 R, A “ggpubr” A3 T4
155 5 1E 5 FEA R 2 5001, @i “ggplot2” ARk . Z R0, p (i <0.05 Hlw N EA G5 L.

2.6. A DCA iHTEEFRIEITES BB T
FRFREFIREL rms R B0, ZEEHTE#ETEES AL 5. FE3ER 512 L& BT

R & FE R FRIE BV 5 vh S AT AU o R 3R 26 23 BT (DCA) H T P S A e 1%, Jdid
BT AS [F] B N B BB S B, AR AE 5 R AP (I R R, il PR R FH Bt ke SRR
2.7. ¥HEEERM ROC

AT 3 MFIEZER WA G IR 7 —MSIE A, JRE GSE37069 ¥4 hidhtT 1 IeiE. A H]
PROCR # B E T ROC #HZk, LLMREFEEE K {12 Wi 2R
2.8. SLEF(RT)-gPCR

DHIIARX FE R R0k, B S B (n = 6) IR AN MFE A, ket B (n = 7)4E A4 . FH TRIzoIR
i F(Invitrogen, USA) WAIE MLAE A HEEL RNA, K15 B 45 H AMV 1805 5B (Invitrogen, USA)K RNA i
3N cDNA. £ ABI ViiA 7 52t 52 & PCR % 4i(Applied Biosystems, USA) - Pl 2 x Master MIX (QIAGEN,
Germany)4i & ROX 2% 4el47 RT-gPCR, il IFNG. IL10 #1 TLR4 mRNA /KF-. Fif sZif PCR A7,

SEIPANFEA 3G RNase, AR RNA V544, % HArE:K mRNA 7K-FAEXT GAPDH HistriEll. & Hbr
R FH S I EREE, 517 H ABI K Primer Express #04F v2.0 ¥ i, GAPDH 341541 W% 1.

Table 1. Primer list for QRT-PCR

* 1 WHER PCR 5|¥FS
Primer %K JF3(5 to 3"
13-1.hBCL-2-F TGAGTACCTGAACCGGCACC
13-1.hBCL-2-R AATCAAACAGAGGCCGCATG
13-2.CCARL-F TCACCTCGGAGAGTTCGACG
13-2.CCAR1-R AACGGCGCCTTAGTTCCATC
13-3.CERK-F GTTTCTGGCCATCAATGCCA
13-3.CERK-R TCCGGATGAGGATGAGGTCA
13-4.SNHG1-F GCCTTTAGGTCTCCATTTGC
13-4.SNHG1-R CACAAATTGACAGCCAGTCC
13-5.TRIAP1-F CCTCTTCAAGCGCTACCAGC
13-5.TRIAP1-R CAGGCTTTTCTTTGCCATGG
13-6.S100A8-F ATGTTGACCGAGCTGGAGAA
13-6.S100A8-R CAGGTCATCCCTGTAGACGG
13-7.1L-10-R TCAGACAAGGCTTGGCAACC
13-8.IFN-y-F GAATGTCCAACGCAAAGCAA
13-8.IFN-y-R CGACCTCGAAACAGCATCTG
13-9.TLR4-F CGAATGGAATGTGCAACACC
13-9.TLR4-R GAGGACCGACACACCAATGA
hGAPDH-F (66bp) agccacatcgctcagacac
hGAPDH-R (66bp) Gcccaatacgaccaaatce
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Figure 1. (A) The intersection of differentially expressed genes (DEGs) from the GSE19743 dataset and pain-related genes
from the GeneCards database; (B) Heatmap of DEGs from the differential analysis of the GSE19743 dataset; (C) Heatmap of
differentially expressed burn pain-related genes; (D) Volcano plot of differentially expressed pain-related genes

1. (A) GSE19743 #iip e = FRIAEE (DEGs)S GeneCards #iBEER B X EEHIAE; (B) kHE GSE19743
HiREES 7 HHY DEGs AE; (C) RAERFTIXNRFAERBHEXEERNMAE; (D) EFFREMNFEBHEXEREALE

3.2. PPl P4 FThREIRIZ 4T

NRDEGs ] PPl (2% 3T STRING %uds 4 2 (5] 2(A)) . i#id CytoHubba Sk, #i 1 A 10 4
FPAXEEIY, 45 IFNG. IL10. TP53. CD4. CXCL8. CD8A. TLR4. NFKB1. MAPK3 Al JAK2 (/4] 2(B)).
NERFT DEPRGs HIAYI IRt A5 5 id@ls, #H7T GO Ml KEGG &1, Hh%E i 2264 NMEY)LFE
A1 137 2% KEGG i, GO 7 #Tiwsn, AHRHEN 388 4 T RIE RNV IR g 20N &SRR, i
LA X 45k B2 25 i J5 2 1 0 4 i 0 56 R S5 A 2, DA R B 1 32 A 45 5 %5 o T IhRE (1] 3(A)) . KEGG
TN, AHOCHEDE B35 E AR T PIBK-AKL {5 Z B % Al MAPK {55 2106 2 B 458 1 (1<) 3(B))»
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Figure 2. (A) Protein-Protein Interaction (PPI) network of differentially expressed pain-related genes; (B) The top 10 hub
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Figure 3. (A) GO (Gene Ontology) enrichment analysis of differentially expressed pain-related genes; (B) KEGG (Kyoto
Encyclopedia of Genes and Genomes) enrichment analysis of differentially expressed pain-related genes
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Table 2. Three machine learning methods filter results
2. ZMHBRFE S ARG R
Jiik i 2
LASSO IFNG, IL10, CD4, CXCLS, TLR4, NFKB1, JAK2
SVW IFNG, IL10, TLR4
RF IFNG, IL10, CD4, CXCL8, CD8A, TLR4, JAK2

B 99 9999 88876 654 321
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Figure 4. (A) Three potential key genes were selected by the SVM-RFE algorithm; (B) The cross-validation curve of LASSO
regression shows that the model fits best when 1 = 7; (C) The Random Forest algorithm was used to evaluate the importance
of genes, with genes having an importance score (MeanDecreaseGini) greater than 5 considered as key genes; (D) Venn dia-
gram of the three algorithms; (E)~(G) show that the genes IFNG, TLR4, and 1L10 have significant expression differences
between the burn group and the control group (*p < 0.0001)

4. (A) SVM-RFE ATk 3 MEBEXBER; (B) LASSO EVAMZXIIEMLRER, 1 = 7 FERNANRE
£; (C) MENAMERTHERMEEY, EEMITS (MeanDecreaseGini) AT 5 HIERBWIANAREEER; D) =
FELED Venn [&; (E)~(G) HHIERER IFNG. TLR4, IL10 fFEHRGA S BABEEEZRIEER (" p<0.0001)
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Figure 5. (A) Nomogram constructed based on three feature genes for predicting burn risk; (B) DCA was performed to assess
the predictive efficiency and clinical net benefit of the nomogram model based on three feature genes; (C) Calibration curve
was constructed to evaluate the prediction accuracy of the nomogram; (D) ROC curves for the three feature genes and the
combined model; (E) ROC curves for each individual feature gene
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BTN MG AR U E ; (C) B FiRE5IZ&EFTUNERME N EZAE; (D)3 MHEEEMEESREH ROC
HiZk; (E) S MMFEERE ROC HhiZk
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Figure 6. Differences in the expression levels of IL10, IFNG, and TLR4 in the external validation expression profiles ("™p <
0.0001)
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Figure 7. Expression levels of 1L10, IFNG, and TLR4 in the burn group compared to the control group (*P < 0.01, ™P <
0.001)
7.1L10. IFNG 1 TLR4 7E:tR20 53 BRLE PR FRIXE R (7P < 0.01, 7P < 0.001)
4. Wig

Bt o T B S O B P R AR TR R, T RE i R R JORE N, B AR R I R
W58 R 7R JOE 5 G5 IRl F-TE e 007 T IR R 2 T Rl ARt s E (L AL R 58 4 B, JUHLAE
FEDRZ T, R0 P AR B A TR A T IR 5 i 2 AR R . AR LA A WE BT, S
UG SCRFIESE R IFNG . 1L10 A TLR4, RINHFRIABAL 5 00 F R as % VI G . RS B 5 4G
ERkeigH IFNG. 1L10 #1 TLR4 Fik 582 722 5% 2%, RT-qPCR SLIRIRIEFR TLR4 Rk AN EE 4L,
IFNG. I1L10 RIAHGL i3 X o X Lo A= Yy 64 7 Beid i P45 28 AE 5 G J%8 I S TE e 473 P Hh R B
., VERIBAEIRITEE A, IFNG. 1L10 Al TLR4 785005 4 & B b B B I AR .

FHEK y (Interferon-gamma, IFNG) & —Fh OCHE 2 AR -, I BUE JAK-STATL 15 518 B 4%
X2 RIEAHICHE K )RR [13] [14]. FE R BRI T, IFNG A A —Fp S R i 3o -, B
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