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Tab.1 Summary of primer sequences

Length
Primer name Sequence( 5°37)
(bp)
Eif2ak2 F: ATGCACGGAGTAGCCATTACG 21
R: TGACAATCCACCTTGTTTTCGT 22
Tkbke F: ACCACTAACTACCTGTGGCAT 21
R: CCTCCCCGGATTTCTTGTTTC 21
Nfkbiz F: GCTCCGACTCCTCCGATTTC 20
R: GAGTTCTTCACGCGAACACC 20
1.2 7k

1.2.1 USA300 A3 &% 423342 F @ wE A8 X A B 49 7
i DEE R 3R K 25 5 B % ( hitps: //www. ncbi.
nlm. nih. gov/geo/) W 1% B RNA-=seq %X ¥ ££
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MFEA . TR B 12,24 h Oy 2VESO0E By
Bro Hrr,24 h o2k R ROn By R . SRS
48.96 h A RAEMKEBrBL. FH] DESeq2 HfH( A

1.6.3) P47 22 5 Rk 0 M7, 0 i) U R % 12,24,
48.96 h J5 &[] s A REAS 5 R L XS BREH(0 h) 1Y
R FIAZE R IFEI | Log,Ratio| =1 H. 24 Benjami-
ni-Hochberg #¢ 1E J5 /) P {E( B} FDR J#% )5 P (&) /s
F0.05 BRI R 22 B FIA K H ( differentially ex—
pressed genes, DEGs) ; M\ Autophagy 4% J&E ( http: //
www. tanpaku. org/) FI MSigDB ( https: //www. gsea—
msigdb. org/gsea/msigdb /) B HE FE RS B W AH ¢ 3L
[Al( autophagy-related genes, ARGs) o Fi| F 7E £k W uh
( https: //cloud. oebiotech. com/) H 3 K] 3 3 34 X £%
438 ( weighted gene co-expression network analysis,
WGCNA) T H AR NALEE PR H 38 M 45 47 4 43R
NSRRI . 2R G5 R WGCNA i 3 i) ik R AR
B DEGs Ll & ARGs, FI) F 75 £ ® 3k ( hitps: / /www.
omicshare. com /tools/) H =5 B E T. B3R B 4% JL R 4B
AR ] B A o

1.2.2 gmxABGE &4 HH clusterPro-
filer R AFAL ( JRAS 4. 10.0) 47 HE DI AR ( gene
ontology , GO) BH&E/r#1, P <0.05 H 4 FDR H#E& 5
P {E/NT0.05 (9 4% H A E - DEGs Hh i 3 5
B4 H. A A M % Metascape ( https: //metascape.
org/) FAT HTERFER 5 FE K 2 B B4 45 ( Kyoto Ency-
clopedia of Genes and Genomes, KEGG) & £E 43 ¥
] R BRAF( RS 4. 3. 2) AT 5 4R 0 4 R A T A1

L.
1.2.3 oz a A FHAME InmuCellAl-
mouse ( https: //guolab. wchscu. cn/ImmuCellAl-

mouse /) T HFAREAS Hh G 2 20 B AR Ok PR A 1 ' 4R
5393, NI T it S A B AE AR AS v A 6 2 o

1.2.4 fa=AR% AR &G A48 ZAE A ( protein-pro—
tein interaction, PPT) M & w9 #y2  F| FH M %4 String
( https: //string-db. org/) #5 % USA300 i # 8% 4L 5
FEr [ ok AH OC Ak B 8 F BT PPTOR) 2% i g
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IR PR 5 B g2 200 R 1 = B8 2 TR A AH DG 1
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AR B J5 , R Cytoscape 1 (AR 3. 10. 2)
HrAY) Network Analyzer 1138 4 280, 4l “Degree”
(ELIZE 49 00 2465 32 o P A v ) B PRIV D OB P i
T T W B S R g W S 32 B R B ( frag-
ments per kilobase of transcript per million mapped
reads , FPKM) A JCHEEEE R B AR XS 238 K F - FIH
TEZ M 3 ( https: / /www. bioinformatics. com. en/) %
il SR [ 19 32 10 TAERRIE M8 ( receiver operat—
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ing characteristic curve, ROC) , i1 i<k T I FH( area
under the curve, AUC) .

1.2.6 AKpAReyiie RS R, &
WH T 5 SR S50, W FE 20 6 x 10° CFU/mL.
FITA /N R 23 P (0 h X IR AR e 24 h )5
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Fig. 1

Screening of autophagy-related genes in USA300 lung infection

A: PCA analysis of the GSE220943 dataset; B: Bar plot showed the number of DEGs at different time points after infection compared to O h in the
GSE220943 dataset; C: Hierarchical clustering tree of genes in the GSE220943 dataset based on the 1-TOM matrix; D: Heatmap showed the correlation

between gene modules and sample time points in the GSE220943 dataset; E: Venn diagram showed the overlapping genes among DEGs, ARGs, and

WGCNA gene sets.
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Fig.2 GO (A) and KEGG ( B) enrichment analysis of autophagy-related genes
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W BN, 184 ) 27 ik #2 ( biological process,
BP) Jy 1, B s AT CD4 " o T 4G Ja 2
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XF B3R 12 AR TR BAE R B R 34T 404, LA
Degree {EMARME( 3 2) 23l PP 428 w1y
HIT 33 R ( DA BROCHRE L)) 40l oAy A% 2%



ZHMBEAKRFFR  Acta Universitatis Medicinalis Anhui 2025 Sep; 60(9) * 1693 -

B3 fEiRiEKkPPLoH
Fig.3 Immune infiltration and PPI analysis
A: Heatmap of 20 immune cell subtypes in immune infiltration analysis; B: PPI analysis results of 19 autophagy—related genes; C: Heatmap of the

correlation between 12 interacting protein-coding genes and 20 immune cell subtypes; correlation coefficient * P <0.05, ** P <0.01,*** P <0.001.
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Fig.4

Screening and evaluation of key genes

A: PPI network of 12 interacting protein-coding genes; B: Bar plots showed the expression levels of three key genes at different time points; C: ROC

curves of three key genes; *** P <0.001 vs 0 h.
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B5 XEEEH RTqPCRIIELER (n=3)
Fig.5 RT-qPCR validation of key genes ( n =3)
*P<0.05, **P<0.01 »s0 h group.
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SRR 12 ANAFEAE VAL A BAE ) A 56 36 K
A 11 A B REAH OGN 5 Mok 40 i 2 B AE G . 3X
Fe U R A AR USA300 i35 s e 21 46 95 )2 N
v 5 v T AR A T A AR S T
Koo WFFE B, b MR AN I T LAE RS SA I R
HIE AN AN B DL R AR A S S T
UMM T A 2 1 A P 2
S A1 B B FT R USA300 i 340 Ik e Vs 7 IR 97 5K
5 o

B A FE N 12 A F IR S FE R rp ik — 25 0
e 3 AN SHEIEIN 3 BN Eif2ak2 - Tkbke F1 Nfkbizo
X3 R ROC 4 R ARSI 1, RITEATHY
FORM AT LU ALK A 5 /N RS RN . 3
— 1 RTqPCR 45 5 7, Eif2ak2  Ikbke F1 Nfkbiz
R PR 0 AR X 2 iR KA S RO S e e S0 45tk
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IkB ¥ ( inhibitor of kappa B kinase, IKK) & -&#)n]
DA i NFB JE A 472 4 30 40 e 1 ™ o 1)
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RNA seq-based screening of autophagy-related genes during
lung infection by highly antibioticresistant and highly

virulent Staphylococcus aureus
Zha Jinhong'?, Kuang Qi'*, Wu Chengxi’, Zhu Xiaoyu”, Su Duo’,
Zhang Lili*, Lyu Meng’, Hu Lingfei®, Zhou Dongsheng”, Yang Wenhui'*
( 'School of Basic Medical Sciences, Anhui Medical University, Hefei 230032;
*Academy of Military Medical Sciences, Academy of Military Sciences, Beijing 100071)

Abstract Objective To identify autophagy-related genes involved in pulmonary infection caused by the highly
drug-resistant and virulent methicillin—resistant Staphylococcus aureus strain USA300 ( USA300) , and to explore the
underlying molecular mechanisms, thereby providing potential targets for immunotherapy. Methods  The
GSE220943 dataset of a USA300-induced pulmonary infection mouse model was obtained from the GEO database.

Differentially expressed genes ( DEGs) were identified using the DESeq2 package. Autophagy-related genes
( ARGs) were retrieved from the MSigDB and Autophagy databases. Weighted gene co-expression network analysis
( WGCNA) was performed to construct gene co-expression modules. Genes overlapping among DEGs, ARGs, and
WGCNA modules were identified as autophagy-related DEGs. Gene Ontology ( GO) enrichment analysis was con—
ducted using the clusterProfiler R package, while Kyoto Encyclopedia of Genes and Genomes ( KEGG) pathway en—
richment analysis was performed via the Metascape platform. Immune cell infiltration was analyzed using the Immu—
CellAl-mouse website. A protein - protein interaction ( PPI) network was constructed using the STRING database,

and hub genes were identified through topological analysis in Cytoscape. Receiver operating characteristic curve
( ROC) curves were plotted via the website https: //www. bioinformatics. com. cn. Finally, key gene expression
was validated in mouse lung tissues by real-time quantitative reverse transcription PCR ( RT-qPCR) . Results A
total of 6 135, 4 075, 3 680, and 2 342 differentially expressed genes ( DEGs) were identified at 12, 24, 48, and
96 hours post-infection, respectively. By integrating DEGs, autophagy-related genes ( ARGs) , and WGCNA mod-
ules, 19 autophagy—elated DEGs were identified. GO and KEGG enrichment analyses indicated that these genes
were mainly involved in CD4 " T cell activation and regulation, innate immune responses, and autophagosome mem—
brane formation. Immune infiltration analysis revealed that innate immune cells such as neutrophils and dendritic
cells predominated during the early phase of infection, while y8 T cells and M2 macrophages became more promi—
nent in the later stages. PPl network analysis identified 12 hub autophagy-related genes, among which three upreg—
ulated key genes ( Eif2ak2, Ikbke, and Nfkbiz) were further confirmed. The area under the ROC curve for all three
genes was 1. 000. RT-qPCR validation demonstrated significantly elevated expression of these three genes in lung
tissues at 24 hours post-infection ( all P <0.05) . Conclusion Eif2ak2, Ikbke, and Nfkbiz may be involved in the
pulmonary infection caused by USA300 by promoting autophagy and hold promise as potential targets for immuno—
therapy.

Key words methicillin—resistant Staphylococcus aureus; mouse; pneumonia; autophagy; key genes; immune infil—-
tration; bioinformatics
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