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and herbs of idiopathic pulmonary fibrosis (IPF) were explored. Methods Differentially expressed genes (DEGs) were mined using
4 microarrays linked to IPF that were acquired from the GEO database. Next, gene ontology (GO) and Kyoto encyclopedia of genes
and genomes (KEGG) enrichment analyses were carried out. Characteristic genes from DEGs were screened using a machine learning
method, and its external validation was also carried out. Additionally, an analysis was done on the relationship between characteristic
genes and immune infiltration. An experiment on animals was done to confirm the presence of characteristic genes. In the meantime,
Cytoscape 3.7.2 was used to build the networks of herbs and their active ingredients based on predictions made in the TCMSP and
Coremine databases. Ultimately, molecular docking validation was carried out to confirm the combining ability between characteristic
genes and active ingredients. Results A total of 11 characteristic genes were obtained from 271 DEGs in IPF. External validation
showed that whereas CDH3, MAOA, FNDCI and ITGBL1 were highly expressed in IPF, EPB41L5, FAM167A4, MS4415, SCARA3,
CRTACI, CCK and TSPAN7 were lowly expressed. ROC curves indicated that characteristic genes have good accuracy. The infiltration
of immune cells, such as T cells CD4 memory activated and T cells regulatory, may also be correlated with the characteristic genes.
The development of IPF may be intimately linked to collagen-containing extracellular matrix, chemokine signaling pathway and AGE-
RAGE signaling pathway in diabetic complications, according to enrichment analyses. Animal experiment suggested the mRNA and
protein levels of CDH3, FNDC1, ITGBL1 and MAOA were higher in IPF group than those in control group, while the SCARA3 mRNA
and protein expression levels were opposite, and the differences were statistically significant (P < 0.05). Herbs that were predicted to
be deficiency tonics and blood activators were Digupi (Lycii Cortex), Taizishen (Pseudostellariae Radix) and Xihonghua (Croci
Stigma). These findings aligned with the understanding of traditional Chinese medicine on the pathogenesis of IPF as “deficiency and
blood stasis” in IPF held by Traditional Chinese Medicine. Quercetin, beta-sitosterol and kaempferol were their active ingredients.
Lastly, molecular docking indicated that the active ingredients exhibited strong binding capacity with characteristic genes. Conclusion
CDH3, MAOA, FNDCI, ITGBL1 and SCARA3 are potential characteristic genes of IPF. Lycii Cortex, Pseudostellariae Radix and
Croci Stigma are potentially important herbs for the treatment of IPF.

Key words: idiopathic pulmonary fibrosis; machine learning; characteristic gene; immune infiltration; Lycii Cortex; Pseudostellariae
Radix; Croci Stigma; quercetin; B-sitosterol; kaempferol
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Fig. 1 Research process of characteristic genes and targeted traditional Chinese medicines for idiopathic pulmonary fibrosis
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Pannoramic MIDI BV Hf RE (K F
| 3D HISTECH A7)
2 A&k
2.1 IPF EEEHIRE

IPF AH G PR R Y T il B 2 R 3Rk (Gene
Expression Omnibus, GEO, https://www.ncbi.nlm.nih.
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TEFE R ) ZRIE A, KA “pROC™ R A2 32
# TAEHFIE (receiver operator characteristic, ROC)
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(https://www.bioinformatics.com.cn/) 5¢ /.
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26.1 OB F 20 KN BENL Rt RE AL AT
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rR kR . ERG A 21 K BB S AT R o
2.6.2 KA SRE A NS FEHL s, H
AR ERKIB VRIS, WL R R AW o e i 2 2 [

N AU EESY) A, AT IR - A
(hematoxylin-eosin, HE) %4t ¥4 (Masson) %%
o, WETHI A . K Szapiel PF7r EAL RAEFE
&, Asheroft 1P/ EACAAENALSE, 7 HEIR—RR
WL ZAN S REFRRE . AR AL FR R B o

2.6.3 HFAEIELA ) mRNA PR U6HIE IPF 45
TEHE IR R /N SR P R R A A L, AN mRNA £ FE R
52 IPF HRPAIEHE R G S 00 o AR 100 3 U B P e
N ZHEAT L RNA $2HL,  FF ) cDNA,
i R S 28Ok E B R A B e B (Real-time
fluorescence quantitative polymerase chain reaction,
RT-qPCR) AR MIAFAERE] mRNA HIKF. LA B-

actin NNZ, SIHIFSILE 1.
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FEPRIAER T /N R P B RIS TR B, I B A L2
IPF HFAEHE R B EE Ol l i e e A 7 i M
7N Bt T A AL R R ) B Ko A i)l
2K, BEATHUSIE S IR IR e S
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Table1 Primer sequences used for RT-qPCR

B S5 (5°-37)

p-actin F: GGCTGTATTCCCCTCCATCG

R: CCAGTTGGTAACAATGCCATGT
CDH3 F: CTGGAGCCGAGCCAAGTTC

R: GGAGTGCATCGCATCCTTCC
MAOA F: GCCCAGTATCACAGGCCAC

R: CGGGCTTCCAGAACCAAGA
FNDCI F: AACAAGCCCTTGCGTATGC

R: CCCAGAAGAAAACCCCGAGA
EPB41LS F: GAAATGGCTCTCTGCTACCAG

R: TCCTGCATTCTTCACATTATGCT
FAMI674 F: GCCTGGCTCAGAAAGGAACTG

R: AGTGGCATGGAAAGGCTGAAA

MS4415 F: GCGCCCAGAGCTACTCAAC

R: GTGGATGAGACCGATCAGGAT
SCARA3 F: TGACAGGGATGTACTGTGTGT

R: TGCAAAGATAGGTTCTTCTGGC
CRTACI F: CAGTCACCAACTCAGTCCTGC

R: CACAACGATCTCGAAGTCCCC
CCK F: AAGAGCGGCGTATGTCTGTG

R: CATCCAGCCCATGTAGTCCC
TSPAN7 F: AGACCAAACCTGTGATAACCTGT

R: GGGAGCATTTGTGGAGTTCTC
ITGBLI F: GCAGAGTCCGAACGCAGAT

R: ACACAGTGGACCGAAGTAGGT
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f7MiES A, 0 CDH3 (1 :800). FNDC1 (1 :
150). ITGBL1 (1 :300). MAOA (1 :1 500).
MS4A15 (1 : 400) F1 SCARA3 (1 : 300) Fipfk 4 C
% H I . PBS BEI)E, 0 HRP Axic i L EHi
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e SR %, BoKE .
26,5 4uit*:J7i%k SRA GraphPad Prism 8.0.2 &
AT G 22 AT . e A AT IE SRR S
P>0.05 HIERSAN, RN LR ATE
FARCHPIREA ¢ K050, RS 70 A0 K FH G R A Ak
Ak . LA P<0.05 A NA A % 55 BA St 5= o
27 ET IPF FHEEEMNEE

HFIF Coremine %{#fi /% Chttps://coremine.com/
medical/#search) TR IPF FAF 3 K] 1 38 46 51 fm) o
7, WH P<0.05. 2% (HEZH) 2020 RO,
(Hpgyae) DORUR () RA R 2idbsitE CGE—) 1
W2 A RRHEAT G, T2 Zk. 9L 5T
ROt AT givt o i s BT AL e . [\, SR A
Cytoscape 3.7.2 Zxffil] “HER-254-Thak” W, I
R IPF (R EEER S, M5 “Hi-UE-14-25" KRB
2.8 ETHHMNFELEMR S

BT “R-UE-1E-27 REREH TS KBRS
IPF IS RIGTT % VAR 2, 1 TCMSP i,
CLIT AR A= 0R) B =30 95241 =0.18 Tk AnifE
TR R 2G5 Ry o R s - JE DR - 24 -3 1
557 W, FRT RN R, SRR R T
i 3 A AE N 2% O TR L
29 DFRIERUEPHAFERS S IPF $FHEEE
H&EEREN

X R A% TS A 5 TPF RRESE R 474+
X #2. fE PubChem Chttps://pubchem.ncbi.nlm.nih.
gov/) HdlE FE iR H bR s 454 . 7 PDB 2R H
B (http://www.resb.org/) HERE H b 8 A 145
¥, F L BRK 1 INE &S K H AutoDock vina 1.5.6
BAFF H AR B Vg5 A H bR o S5 H N pdbqt 4%
L, IwEmENLE, REET . 646
At <<Okcal/mol (1kcal=4.2kI), REHIEAHMH
PR il B RS G, A RE<—5 keal/mol, fAE
TR RAreE A0,
3 H#R
3.1 IPF B DEGs

PCA &5 S $E7m 8 1a] 0808 26 B s SR AR
NERAE, DL 2-AL Bo 4 N8 3RS 271 A~ 5 IPF

FHRM DEGs, 8 111 AN NEEEREF 160 A B
FR, WK 2-C.
32 EENW

Xt 271 A~ DEGs #:ATE &0 Hr. GO ThfgE %
iR, IR Sk, SIRIEEER
MIAMERT . AR =R, BERGE. &
R 7 s AR AR PR SE T RE 5 IPF 9%
WALHIAE G, W 3-A. KEGG % & £ i,
YR 5 S 4 R T AR A BAE . SR E B
G L SN <R S I = i N 1 D O e i
(extracellular matrix, ECM) 524K EAER . B
PRIV I AE H FR) R ST e A4 2 77 40 - WG T ik A 24
M)Ak (advanced glycation end products-receptor
for advanced glycosylation end products , AGE-
RAGE) {55l o S E SE Y0 2 44
(peroxisome proliferator activated receptor, PPAR)
SEHMKEA S S T IPF MRAERE, WE 3-B.
3.3 IPF #FEEF T & Sh RS B 36 E

Lasso [RIVAREAYHRIR, 28 XIS UE 1R 22 fie /M A
FTnt RE R E Dy 11, WS 4-A. KX 11 AN
MLA IPF FFAEFE K], 435y CDH3.MAOA .FNDC1
LIRS 45 4.1 #£ 5 (erythrocyte membrane
protein band 4.1 like 5, EPB41L5). FEFAHALE Ny
167 MFKEH A A (family with sequence similarity
167, member A, FAM167A). MS4A15. SCARA3.
WHBMEA 1 (cartilage acidic protein 1,
CRTAC1). fHZEUL4EZER (cholecystokinin, CCK).
VUjEsEH 7 (tetraspanin 7, TSPAN7) F1ITGBLI.

K HE B GSE110147 % IPF R iEJE PR 3647 4156
AR . IPF ‘RefiE5E R 4LIR) R 05 2 57 WA 4-Bo
CDH3. MAOA. FNDCI. ITGBLI 1 IPF 41+ 2 &
#iK, EPB41L5. FAMI1674. MS4A415. SCARA3.
CRTACI. CCK. TSPAN7 1E IPF b RARKIL, %
FAASHE L (P<0.05). ROC HHZER, 11
AMRFERE A ROC B4 R HA KT 0.7, $oRixX
L RLPRIVE Dy IPF ORRIESE R RAT R AP RO AERPE . I
1, CDH3. FAMI67A. MS4A15. SCARA3.
CRTAC1. TSPAN7 iJ ROC HiZk FIHIFIKT 0.9,
SR e B e, LA 4-C~F.
34 SefiRiEN

22 PG e AH M IR L 5-A. B 0
MraEFh e MM 7E IPF 2H -5 X MR 2H 2 [R) )i i 22
5. AR 5-B. 1012 B 4. CD8*T 40/l &
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Fig. 2 Differentially expressed genes in idiopathic pulmonary fibrosis
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Fig. 11 Prediction of active ingredients in herbs for idiopathic pulmonary fibrosis
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