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Abstract: Objective To evaluate the causal associations of gut microbiota, immune cells and serum metabolites with idiopathic
pulmonary fibrosis (IPF) based on the multi-omics Mendelian randomization (MR) framework, screen core causal genes, and predict
intervening traditional Chinese medicine (TCM) and compounds, so as to provide genetic evidence for the early diagnosis and TCM
intervention of IPF. Methods Genetic instrumental variables (IVs) of gut microbiota, serum metabolites and immune cells were
extracted, and their causal associations with IPF were analyzed by two-sample MR. Adjacent genes of IVs were annotated to obtain
the "microbiota-immunity-metabolism" causal gene set. Integrated with IPF transcriptome data, candidate causal genes were screened
by differentially expressed genes (DEGs) analysis and weighted gene co-expression network analysis (WGCNA). Diagnostic models
were constructed by machine learning to screen core genes. Immune cell infiltration and single-cell RNA sequencing profiles were
analyzed. Potential intervening TCM and compounds were predicted via Comparative Toxicogenomics Database (CTD) and Integrated
Traditional Chinese Medicine Database (ITCM), followed by molecular docking verification. Results Two-sample MR identified 2
gut microbiota taxa (Lactobacillaceae as protective factor, Proteobacteria as risk factor), 19 immune cell phenotypes (nine protective,
ten risk) and 26 serum metabolites (12 protective, 14 risk) that were significantly causally associated with IPF (P < 0.05). A total of 21
candidate causal genes were obtained by integrated analysis, and 5 core genes were screened by machine learning: adaptor protein
complex 5 subunit mu 1 (AP5M1), SRY-box transcription factor 11 (SOX11), zinc finger and MIZ-type containing 2 (ZMIZ2), fragile
histidine triad (FHIT) and cyclin dependent kinase 6 (CDK®6), all with potential diagnostic value. Immune infiltration showed increased
activated mast cells and monocytes, and decreased M0/M2 macrophages and activated natural killer cells in IPF tissues. Single-cell
analysis revealed the highest enrichment of FHIT in multiple cell types. A total of 150 kinds of potential intervention Chinese medicine
were screened. The high frequency Chinese medicine included Sangbaipi (Mori Cortex), Yuejihua (Rosae Chinensis Flos), Yanhusuo
(Corydalis Rhizoma), etc. The active ingredients included kaempferol, naringenin, wogonin, sanguinarine, etc. Molecular docking
confirmed that the core compound could stably bind to the target. Conclusions This study reveals the causal associations of gut
microbiota, immune cells and serum metabolites with IPF, and identifies AP5M1, SOX11, ZMIZ2, FHIT and CDK6 as potential
candidate diagnostic biomarkers for IPF. It also predicts the potential intervention value of active compounds such as kaempferol,
naringenin and palmatine, as well as TCM including Morus alba and Rosa chinensis, providing genetic evidence and theoretical support
for the diagnosis and treatment of IPF.

Key words: idiopathic pulmonary fibrosis; Mendelian randomization; gut microbiota; immune cells; serum metabolites; diagnostic

markers; Mori Cortex; Rosae Chinensis Flos; kaempferol; naringenin; wogonin; sanguinarine
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Table 1 Microarray data

HymE HiRrF & Hm H IPF o} LY AN
GSE135099 GPL15207-17536 BAF1) Jiti 9 9 A YIZRLE
GSE185691 GPL570-55999 A% Jiti 6 8 A VIS
GSE124502 GPL21185-21174 BAF1) Jii 6 2 A R
GSE195770 GPL20844-88004 BAF1) Jii 4 4 A WRE

F 2 MR HOHUIERIE R FFHIE
Table 2 Data sources and traits for MR analysis
FEA B R ID N A

Wi R GWAS GCST90027446~GCST90027857 LN 7738
MiEAR GWAS GCST90199621~GCST90201020 LN 8299
G 4 Y GWAS GCST0001391~GCST0002121 EIPN 3757
IPF GWAS ebi-a-GCST90018120 LN 1 369/435 866
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T. B. NK 4iffiZH4 (T cell, B cell and natural killer
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IPF 4 S S ANRE A b 22 Fob G 28 40 0 (K AR X =2
T H— R EHFFIZ1T CIBERSORT, {U{REE
e P<<0.05 WIREAS . AT HIEAIMFE RS, 4
il HE B 2k T B R A EAR B S L, FRFE AR
RO 5 KA LR K Wilcoxon FRATRE 6 Fb A 2 40
A 2 . [FI, NN IE R 2R
BEE L DLEW i 7 M JS DR 5 % B 928 2 i S A
R EPS Y T E A C
1.14 scRNA-seq H#EAIE S ZHARE T 5747

T GEO $Hs 22 T 1) IPF B2 % 57 41 Bodl £
GSE279404 J&Jtortr, W3k 3. ffiH Seurat fALEE
Bl SUEEH]: (REEFIBILEEL 200~5 000 4
L, HERRERAR R (5 HE > 15%E0 41 8 AP 5
b >3%4i. 8l LogNormalize #rifEfL, #H

FindVariableFeatures iRl A 2 000 ™= 32 K . R
PCA ZNERF4E, EHHT 20 NFpsyr, BT =R
KL, MHBARIEEL S #®% (uniform
manifold approximation and projection, UMAP) 5 t-
S ATBENLAR IR N (t-distributed stochastic neighbor
embedding, t-SNE) AI#iAk. FNEEGARIFEAMIAEL
N, R Harmony 52A%1E, TR IEEHT 10 /N3
BT BT R, AR ANE R @IS SingleR 5T,
(UL Human Primary Cell Atlas NZ7%), X 4& 41
R E shbRiE. 1B FindAll Markers 1R 5% 7% 2% 7%
A (BE: logaFC=0.25, HAEADT 25%[1%
WA RIA) . HERLRAE UMAP 5 t-SNE K
fé7r. M8 CellChat 73 A e A4-S2 441 5 1R 48 [ 36
W VPG A A SR 8] A AR SR, IR0 %
HHRRARAESS 5 W 2 B A S A N2

&3 IPF RN RNANFHIERES (GSE279404 HUEE)
Table 3 Sc RNA-seq data information for IPF (GSE279404 dataset)

GEO Hlls R H HEr 6 IPF Xof B
GSM8686573 SCRNA-seq Jifi 10X Genomics 0 1
GSM8686574 SCRNA-seq Jifi 10X Genomics 0 1
GSM8686575 SCRNA-seq Jifi 10X Genomics 0 1
GSM8686576 SCRNA-seq Jii 10X Genomics 0 1
GSM8686577 SCRNA-seq Jii 10X Genomics 0 1
GSM8686578 SCRNA-seq Jii 10X Genomics 0 1
GSM8686579 SCRNA-seq Jifi 10X Genomics 0 1
GSM8686580 SCRNA-seq Jifi 10X Genomics 0 1
GSM8686555 SCRNA-seq Jifi 10X Genomics 1 0
GSM8686556 SCRNA-seq i 10X Genomics 1 0
GSM8686557 SCRNA-seq i 10X Genomics 1 0
GSM8686558 SCRNA-seq i 10X Genomics 1 0
GSM8686559 SCRNA-seq Jifi 10X Genomics 1 0
GSM8686560 SCRNA-seq Jifi 10X Genomics 1 0
GSM8686561 SCRNA-seq Jifi 10X Genomics 1 0
GSM8686562 SsCRNA-seq il 10X Genomics 1 0

115 BETRZTN

¥ IPF AH GO HE RUIRZEE CTD #dE &
(https://ctdbase.org/), ik CHASCHFFE>1 WG
Y. f&Bh ITCM E#i % (http:/item.biotcm.net/) &
5 ER AR R 2, K (O E 25 8 2025
AR IO BRI (R 2sE) bRt g
HFR, BRI EERNSAH. B ESERERATE
AT B E A RIS RS R -
Y-+ 25 HAER ¢ R 3 A\ Cytoscape (3.10.1 b)) 4
ML, RGN T LR (degree) ML HES

BT 3 FILEY)
1.16 5 FXIHEIIE

X R Ak A 5 s D SRR AT o T
BOF . 2R O A MR EL S TROE AR . o A
UniProt Chttps://www.uniprot.org/) £ 2 F: i it N J& -
Zo I IO 1 OCEER R AR 1, FREU B Entry ID J¢
AR FE IR P41 %6 N PDB ¥ B Chttp:/
www.resb.org/) F#EHEIZE>2A (1A=0.1nm) 1
S RN RGN, B AAETERF & SR AR 4
4, KA AlphaFold ¥4 % (https://www.alphafold.
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ebi.ac.uk/) HERE BTN AR 5T . ORI A
WpeE g RbEE: . PubChem Chttps://pubchem.ncbi.nlm.
nih.gov/) F#K CTD ik Frf3 ik &4 1) SDF A% (45
FgScE, A Chem3D 22.0.0 =4 %, 3t
K MM2 7135 58 e i /MU AR B . VE 48 S
YHEGTFBROT: RASED O 500, Rk
X BN e AR E O AN, B
AT ABELS SIS, ARRT RSO
85, DIAeTimERc s & a g o Xk KA
AutoDock Vina 1.5.7 I -3k 18, W
K& B BEAR 5 2 T OR/NE BN 0.375~1.000 A, X 4%
B RAPRIE 2R (1 = 4R 25 W6 RS w1
REeOEEASKTI SIS MXE. B8
IOAE: NPRE GRS THEREN, BAHE
P -Be A 2 Sy B A BGAIE 10 7K, BL 10 IREE 45 R
(256 BE I MEVE NI B, (RS A % Fa
E— BN RHT RS0 00258 U VPl
ARG EARIA 25525 77, K PyMOL3.1 3
X B R 2 AT PR A AT, B S2 AR - P A B
LA S EAE R U &5 A 00 RURHE
2 R

2.1 MBEEEE. R MK MAER ST IPF F9E
SR

2.1.1 T HAE SNP kSt A skt
TRFEA MR W1t RGN IE R T 4miE
IS 3 22852 5 IPF T E R R, ™%
AE MR WG 52 % IVs B I%ik . R 5550 %
R o T8 B B PRI AR AN SNP 311 1903 4,
2R T S S SIBR 1883 AN, AN 20 4
SNP JfJ£ MR 441, F it &G HA 19.57~60.93.
T B R HIIAGIN SNP FLit 14 696 4, £ 4%
RS0 G SIER 14284 A, &Y 412 4~ SNP
FFIE MR 43, F Stk &EialN 19.54~2 380.38.
MFEACH Y R R GG N SNP JLit 34 843 4, &
A R 5 S B 34270 4, AN 573
A~ SNP Jf & MR 4 #, F 4iitmyall A 19.50~
5308.35. AN BT SNP 43 & T HAR & —
KM SRR R R B EM IS Mo 145 RiR 4
R, (85 F =N S48 /AN BTG K 2 34
PE, NJEE R HERT SR AL T AR ) T RSB,
2.1.2 JHEREHEXS IPF FIRROCEE MR o #irgs 3
Box, H%E T 2 N5 IPF fR7E B R R B %
TEREBEEHE (Pvw<<0.05, B 2-A). i, FUFFH

B} (Lactobacillaceae) >~ IPF 747Kl & (OR=0.999 5,
95%CI: 0.999 ~1.000, P=0.036 6), ZEI]
(Proteobacteria) AfEfK 2 (OR=1.0012, 95%CL:
1.0003~1.002 1, P=0.007 7). iR OR {H¥)#zir
1, $27R 2 KB IEAE IPF (F5RZUNBUR R &R, 12
55 IPF i RS AH DG IR 8% 5 ORIk IR 32, 47
TEPR S E 22 2 v A o A 4R 1 R SR SR K

2.1.3 I AHART IPF BRI OCHEE 7 e 4 I
FEZTH, L0 19 N5 IPF AFLE SR 1 DR SR 5 Bk
(PR (Prvw<<0.05, P 2-B). H 94
WHF R R BRL, WHE 1gD'CD24 i 1L 41 ffy
(activated cell, AC). VEAZS L B TPE T 41
4 C(regulatory T cells, Treg) 5 CD4"Treg H 77 tb«
S EEES Treg & CD4'T 40 H 4 Lb .
CD4'CDS8" 4 g 5 48 il i 4> Lk . CD8 & £ ik
(bright, br) B2 T 41 (natural killer T cells,
NKT) 2 bk A & 4 b, CD25 " CD8br 41 i
5T 4HE 4 . CD19 4 F4E IgD'CD38 A2
012 B M (unswitched memory B cell, unsw
mem ) FHIREKF. HEEHFTANRNRA
(herpesvirus entry mediator, HVEM) 7£ CD4'T 41l fig
AR R KT R 2 L T ) S G AR (forward
scatter-area, FSC-A) (P=0.0026~0.0378, OR =
0.999 0~1.000 0). F:4% 10 FIVEES IPF XU TH
A, BFETUATY Treg 5 CD4'Treg A 75 bb. R
1812 Ceffector-memory, EM) XUEH 14 (double-
negative, DN) (CD4 CD87) iH{L4iffl. NKT 4ifiEy
5T 4HAR T 4 Eb . NKT 4P A ik B4R 7 43 by XU
FHE (CD4°CD8 ) NKT 40 b5 T 4 i 4 bh X
FtE (CD4 CD8™) NKT 41 itk 40 A v 43 L
CD24 43 F1E IgD*CD38brB ZHififl i3k /K- IgD
43 F1E IgD*CD24'B 4fiffl b RIRIEKF-. 1gD 40+
7E unsw mem _F [FIERIAKFFI N H 4ot )5 DRY
(human leukocyte antigen-DR*, HLA-DR*) T 4[]
FSC-A (P=0.001 6~0.042 8, OR=1.0004~1.000 6)-
N R R R A R AL 5 IPF 9555 st
& Gy IEOCHR, BRI RN R BRI, ARt S
Z MR IR IONE, 1R A Gt e gt
2.1.4  [MEREYXT IPF BRSNS 4CHEY)
S FTILE IR 26 N5 IPF fE4E 5 35 DR e AR
WY (Pryw<0.05, 18 2-C). Hrh 12 MU %
YRR, B y- R 2- 25 T IR N-H AR TR
N-CBEWLIK . #5WENE (d18:1/20:2, d18:2/20:1,
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A
exposure nsnp method pval OR(95% CI)
o__Lacto f__Lactobacill 9 Inverse variance weighted 0.0366 [ 0.9995 (0.9990 to 1.0000)
k__Bacteria.p__Proteobacteria 11 Inverse variance weighted 0.0077 ] 1.0012 (1.0003 to 1.0021)
T I T
B 07 1 13
exposure nsnp method pval OR(95% CI)
IgD+ CD24- AC 18 Inverse variance weighted 0.0302 ] 0.9995 (0.9991 to 1.0000)
Secreting Treg % CD4 Treg 22 Inverse variance weighted 0.0051 [ 1.0004 (1.0001 to 1.0007)
Activated & resting Treg % CD4 Treg 21 Inverse variance weighted 0.0057 n 0.9996 (0.9993 to 0.9998)
Activated & resting Treg %CD4+ 24 Inverse variance weighted 0.0296 L 0.9897 (0.9984 to 1.0000)
EM DN (CD4-CD8-) AC 17 Inverse variance weighted 0.0217 [] 1.0006 (1.0001 to 1.0011)
DP (CD4+CDB+) %leukocyte 23 Inverse variance weighted 0.0378 L 0.9996 (0.9992 to 1.0000)
NKT %T cell 32 Inverse variance weighted 0.0016 * 1.0005 (1.0002 to 1.0009)
NKT %lymphocyte 31 Inverse variance weighted 0.0149 [ 1.0004 (1.0001 to 1.0008)
CD8br NKT %lymphocyte 24 Inverse variance weighted 0.0371 ] 0.9995 (0.9991 to 1.0000)
DN (CD4-CD8-) NKT %T cell 3 Inverse variance weighted 0.0031 ] 1.0005 (1.0002 to 1.0008)
DN (CD4-CD8-) NKT %lymphocyte 29 Inverse variance weighted 0.0034 ! 1.0005 (1.0002 to 1.0008)
CD25++ CD8br %T cell 15 Inverse variance weighted 0.0188 L] 0.9996 (0.9992 to 0.9999)
CD19 on IgD+ CD38- unsw mem 17 Inverse variance weighted 0.0193 i 0.9996 (0.9993 to 0.9999)
CD24 on IgD+ CD38br 22 Inverse variance weighted 0.0428 n 1.0004 (1.0000 to 1.0007)
IgD on IgD+ CD24+ 21 Inverse variance weighted 0.0211 L] 1.0004 (1.0001 to 1.0007)
IgD on unsw mem 19 Inverse variance weighted 0.0089 ] 1.0004 {1.0001 to 1.0007)
HVEM on CD4+ 15 Inverse variance weighted 0.0275 ] 0.9997 (0.9994 to 1.0000)
FSC-A on granulocyte 17 Inverse variance weighted 0.0026 ] 0.9994 (0.9990 to 0.9998)
FSC-A on HLADR+ T cell 14 Inverse variance weighted 0.0272 * 1.0006 (1.0001 to 1.0011)
I | I
C 08 1 12
exposure nsnp method pval OR(95% CI)
3-hydroxysebacate levels 2 Inverse variance weighted 0.0301 [] 1.0007 (1.0001 to 1.0013)
10-nenadecencate (19:18) levels 12 Inverse variance weighted 0.0320 [] 1.0010 (1.0001 to 1.0020)
Gamma-glutamyl-2-amincbutyrate levels 23 Inverse variance weighted 0.0384 [] 0.9694 (0.5967 to 1.0000)
N ne levels 30 Inverse variance weighted 0.0396 o 0.9995 (0.9991 to 1.0000)
N-acetylcarnosine levels 27 Inverse variance weighted 0.0355 [} 0.9994 (0.9989 o 1.0000)
3-methoxytyramine sulfate levels 19 Inverse variance weighted 0.0340 [] 1.0006 (1.0000 to 1.0012)
Sphingomyelin (d18:1/20:2, d18:2/20:1, d16:1/222) levels 26 Inverse variance weighted 0.0319 [ 10,9683 (0.5967 to 0.9959)
1-(1-enyl-stearoyl)-2-arachidonoyl-GPE (p-18.0/20:4) levels Fil Inverse variance weighted 0.0210 [ 1.0006 (1.0001 to 1.0012)
1-stearoyl-2-cleoyl-GP| (18:018 1) levels 23 Inverse variance weighted 0.0482 [) 10,9895 (0.9989 to 1.0000)
Docosahexasnoylcholine levels 19 Inverse variance weighted 0.0121 [ 1.0008 (1.0002 to 1.0016)
N-palmitoyl-sphingadienine (d18:2/16:0) levels 19 Inverse variance weighted 0.0168 [ 1.000% (1.0002 to 1.0016)
3-carboxy-4-methyl-5-pentyl-2-furanpropionate (3-CMPFP) levels 22 Inverse variance weighted 0.0477 [] 1.0006 (1.0000 to 1.0011)
Bilirubin degradation product, C18H1BN205 (4) levels 19 Inverse variance weighted 0.0256 [} 0.9896 (0.9992 to 0.9999)
Bilirubin degradation product, C16H1BM20S5 (3) levels 26 Inverse variance weighted 0.0453 [ 09996 (0.9593 to 1.0000)
X-16580 levels 18 Inverse variance weighted 0.0351 [] 1.0008 (1.0001 to 1.0015)
X-23636 levels 17 Inverse variance weighted 0.0355 [] 1.0008 (1.0001 to 1.0018)
X-23G74 levels 20 Inverse variance weighted 0.0239 [} 0.9892 (0.9985 to 0.9999)
X-25513 levels 18 Inverse variance weighted 0.0202 L] 4,0008 (1.0001 to 1.0016)
Bilirubin (E,E) levels 26 Inverse variance weighted 0.0147 [} 0.9996 (0.9992 to 0.9999)
Bilirubin (z,2) levels 32 Inverse variance weighted 0.0490 [ 09997 (0.9994 to 1.0000)
Biliverdin levels 27 Inverse variance weighted 0.0388 [] 0.9696 (0.5983 to 1.0000)
Carnitine to palmitoylcarnitine (C16) ratio 30 Inverse variance weighted 0.0280 L 0.9594 (0.9988 to 0.9999)
Spermidine to phosphate ratio 19 Inverse variance weighted 0.0038 [ 1.0010 (1.0003 to 1.0017)
Aspartate o phosphate ratio 17 Inverse variance weighted 0.0246 [] 1.0008 (1.0001 to 1.0016)
Iph: 10 3-methyl- ratio 18 Inverse variance weighted 0.0261 [ 1.0008 (1.0001 to 1.0015)
3-methyl-2-oxovalerate to 4-methyl-2-oxopentanoate ratio 2 Inverse variance weighted 0.0359 " 1.0007 (1.0000 to 1.0014)
T T T
0.7 1 13

A-WHTERA YIS IPF I SOCHE: B-FuE 0L S IPF MBI, C-MiERY S IPF Z Al AR SROC Ik .

A-causal association analysis between gut microbiota and IPF; B-causal association analysis between immune cell characteristics and IPF; C-causal

relationship between serum metabolites and IPF.

& 2

£T MR S REHIOFRIRE

Fig.2 Forest plot based on results of MR Analysis

d16:1/22:2 )« 1-1 g Bk -2- 1 ot - 4 32 1 Ml Ik UL A
(18:0/18:1) ML Z AR [CieHisN20s (4) 1. fIH
AR [CisHisN2Os (3) ], X-23974. HL &R
(EE). MHELE (Z,2) RHZE 2 H R B/ A Ao e A Bk
(C16) ELfE (P=0.014 7~0.049 0, OR=0.999 2~
0.999 7). 14 MRS IPF K KK 2 IEME,

BFE 3REE TR 10-HUBIEIR (19:1n9) B
-3 - FF A2 e  1-(1 -0 2k - g 15 )-2- 16 26 DU s - H
THBEETE ML (p-18:0/20:4) — B /NIEMEIE
Bl N-AEAEEE-S 4700 (d18:2/16:0). 3-FRHE-4-H

Feo5- TR FE-2-R I I B2 lE (3-CMPFP). X-16580. X-
23636+ X-25519. WS/ MERL £ LUt . R AR IR/
FR SR LU . ol T HR/3-H B -2-5 AR T MR L {E A0 3-
HHJR 2 AR R /4- 1 2 2- S AR R R LU (P=
0.003 8~0.0477, OR=1.0006~1.0010). OR ftif%
I 1 #R SRS IPF 2 18R5SR i8t 1% 5) 8
KR, ARWFFCHRRRBRAE LA PAE R
FAKEZ MR 2 maE R, FRAEUKYE PAE, iF
SOZKRE R A RS E R .

XTI A B 5 SRR AT S M BOK T 2 v e
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4%, Cochran’s Q #&%: (P>0.05) F1 MR-Egger #}f
K4 (P>0.05) ¥R KISt 2 2k, &
BEESP S YN
22 “HE-RE-REIVs PIEEANERSES
MIGTE YR B A0 R R s AR 43
BIGHIESRAS Vs, XTAHN. SNP #HTHE [ ID 1Rk 53
G HREE AT IER 27 A A A AT 5
703 />, AREPIATIE IR 813 A, L H JEILIRMA
1194 5 IPF FHOCH) “BHE- Sy -7 R SRIE A

2.3 DEGs. WGCNA ##EHRERE “Hif-2E-K
it BREEMZES

H9F 2 > GEO #iEEHAMxEE, 15
32 BIFEA LTS . 2R RIE ikt 1744 A4
DEGs (] 3-A). WGCNA K& F- 5L R 15 4
i (K 3-D): MEpink #EHt5 IPF FukH eV i
(r=-0.8, P=2X10"7), MEgreenyellow &t IEH
KPR (r=0.79, P=3X10"7), Mfith& i E
Ja132] 782 NMEA, F5 1744 /> DEGs A IF L H,

X
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WGCNA 5 “TEEE-S AR PUREF K Venn &l D-BU4RAFEE R 5 IPF 2 8 B 0040
F-Z R 3L R e A B s G-2 7 3 (R ke S T8 1)

A-map of the volcano; B-expression heatmap of 21 causal genes; C-Venn plot of DEGs, WGCNA and “microbiota-immune-metabolism” causal genes; D-
heatmap of direct correlation between module signature genes and IPF phenotypes; E-boxplots of differential expression of 21 causal genes; F-chromosome
circle diagram of differentially expressed genes; G-correlation circle diagram of differentially expressed genes.

3 DEGs. WGCNA #RERFS “Hif-nE- K" AREENTELER

Fig. 3 Intersection results of DEGs, WGCNA module genes and “microflora immune-metabolism” causal genes
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2T 1467 D RBERIAFE N . DEGs. WGCNA
BEIER TR 1194 DRI =F g%, I
33 21 5 IPF RERA AR BE R (] 3-B. C)o 1X
LEFE[RI7E IPF HAM R A 2 R B3E (K 3-E), Hist
FE R SR HEWTZ T 7R 5 IPF A6, 1A G S:ThRENL
AT 9 R A% o0 % 2B HE 15T

24 AREFENEEREMIFERERTIEE XM
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SR MO E, H A EBE £ IPF 5X)
AR ZERRIEKT. ERER, XEHR
T2 &Y tfk, 75 IPF FEAH 28U 2 RE &AL .
AR R (B 3-G) T 21 ANFEFTE IPF
KN FRIE KRB LE, LR 0] B 4776 P [ B Bt
IR R
2.5 ETHEZFIMSHERAE R E M1

¥H RF. SVM. XGB K GLM 4 Fh& L)
IPF 2 Wi i A, FFiEid 2 ANl o7 4h 3 56 4F 48
(GSE124502. GSE195770) iR AYZ b EE ST, LA
FERg I 00 A KUK (P 4-AD o ASHIT 7T 38 i ik 22 40 b (VP
LTI 2 5822 ) 1 ROC B4k GEASIZ X 2
FE) ZYE LRV RE . I ZREE VA S
N, BRERLEEIR SVM BRI 2= i A7 B A,
T 2 e/ (B 4-B)s R 22 S ) SRAR 0 A i 26 5%
] GLM A7 il 28 o S A0 HL e, TR Aa e v sE AR
(B 4-C); WIZEE ROC & #1278, SVM. RF.
XGB. GLM ##[) AUC 4514 1.000. 0.900.
0.850. 0.725, b SVM I FIS 7 [X 43 B 5 930
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Ntk — P B UE AR A ] SE 1 I PR LA B R
K GSE124502 £1 GSE195770 1F RS Ah 564k
EFFRIGIUE, AMBIIESE ROC Mk RER (F
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AR, THEIHMEIR.

AW A SR TR 2 WX 5B =
K OVEAGLERE, #iE SVM NI AER, HFi%
PR F R AR VP HE T, e R S R R
S5 Sul WA (adaptor-related protein complex 5
subunit mu-1, AP5SM1). SRY &#3% [T 11 (SRY
box transcription factor 11, SOX11). & MIZ R 4¢{5

HH 2 (zinc finger MIZ type containing 2, ZMIZ2).
Jifg P 4H =R —HkAA (fragile histidine triad, FHIT).
0 B S A H A1 3058 6 (cyclin dependent kinase
6, CDK6) AHEATHT 5 % ORHERE R (K 4-A),
R EER ATAE N IPF R A Sk R T TR kIR 12 Wb
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2.6 FHEEEAR ROC #iZk. FIZ&E#EF DCA
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CATRF B AT A, SRR
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A-feature importance of four machine learning models; B-box plot of residuals; C-inverse cumulative distribution of residuals; D-ROC curves of four
machine learning models in the training set; E-ROC curves of four machine learning models in the test set; F-nomogram of featured genes; G-ROC curves

of characteristic genes; H-DCA results; I-calibration curve.

4 ETHRZF ISR RIME R H I RETE

Fig. 4 Machine learning-based diagnostic model construction and its performance evaluation
YEANM . P9 B AR FRAZANAR L PERRORIARM . CDATT AR R A kb o D TR 5E TR A3 A S 5

M. B UM T 40 (& 6-B). SxTHRZARLL, BEREAE T BN (B 6-H). EEAEENE,
IPF Hrh T 4E4n oAl B Uiz, 240, B AP5M1. ZMIZ2. FHIT #1 CDK6 f£ FiRZHf )



PER 2026£9H B57% B 18  Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 18

° 7217 -

Correlation Coefficient

Correlation Coefficient

A ; . C
100 * B cells naive T cells regulatory (Tregs) 0.024
* B cells memory Dendrifio cells resfng 0.060
* Plasma cellsT cells CD8 B cells naive 0.132
30 * T cells CD4 naive . Dendritic cells actvatod 0.161
“ T cells CD4 memory resting Noutrophis 0.454
. T cells CD4 memory activated T cells folicular helper 0.503
o 4l | cells follicular helper NK cells actvated 0.558
<60 . T cells regulatory (Tregs) Mast cells actvatod 0.793
k=S . T cells gamma delta T cells CD4 memory resting 0.812
& « NK cells resting Macrophages M2 0.898
lm . NK cells activated Plasma cels 0.899
7 40 = Monocytes Mast cels resting 0.660
= = Macrophages Mo Macrophages MO 0.592
= Macrophages M1 Eosinophis 0.508
= Macrophages M2 T cells gamma delta 0.508
207 = Dendritic cells resting T cells CD4 memory actvated 0.508
= Dendritic cells activated B oels memory 0.508
= Mast cells resting Monocyles 0.389
] = Mast cells activated T cells CD4 naive 0.263
R T el (DS 02
* Neutrophils NK cells resfng 0.141
Macrophages M1 0.005
E3X{f B IPF -0.6-0.4-02 0 02 04 0.6
B o5 = B . D FHIT
Macrophages M0 e 0.091
04 NK cells a%tvatod S 0.169 Abs (cor)
Mast cels resfng — 0.262 e 0.1
03 Macrophages M2 e 0.284 ®02
= * . T cells CD4 memory resting —_— 0.361 @03
R 02 . . Plasma cels — 0.397 :
L = Macrophages M1 = 0.611 0.4
0.1 “ “ g “ T cells folicular helper = ) 05
H : ‘e s W3 K Monocytes - E
0 wi o —8 et — T ce]gls rgglf{lato 4 (Tretgs) 3 825
LR WTE LS PP ES I PP PTL2 endrifie cells resfng .
EEGE LR R, E-h EF] T cells CDB - 0.83
iom_ﬂ:g%:ﬂwg%g%%%g%gége B cels naive p- 0.828 P
= E ET R »SERE2S R Dendritic cells acfivated = 0.773
oé’ﬁ;’ooa,ggggﬂz'&'&igﬂggﬁg T cells CD4 naive — 0.664 0
mEET 28 2SR B2 0%0F Neutrophis *— 0.274 02
m BEEERZYJ B33£.8: Eosinophis *—— 0.262 .
FEXEx287F S35 b= =& T cells gamma delta *— 0.262 | 0.4
Bx32e §5 = T cells CD4 memory acivated *—— 0262 - 06
= 8 28 =l B ols memory *— 0.262 0.8
T e = A NK cels resfng *— 0.124 1.0
& 3 Mast cells actvated @— 0.015
g -0.6-04-02 0 0.2 04 0.6
E APSM1 SOX11 ZMIZ2
Mast cels restin; — 0.173 Dendritic cells activated —® 0.004 T cells regulatory (Tregs) —_— 0.032
T cells folicular helpegr _— 0.51 Mast cells restin, — 0.107 Dendnitl%ucells activated  — ] 0.086
NK cells acfvated —_— 0.541 T cells regulatory (HZ?S% ) 0.165 Plasma ools —_ 0.130
Teells CD8 —_— 0.557 B cells nalve — 0.175 Mast cells resting —_l 0.173
Dendritic cells acfivated —_ 0.686 Plasma cells —d 0.271 B cels naive —_— 0.427
Dendnic cels resing —_ 0.734 Neutrophils - 0.481 Neutrophis —_ 0.427
Plasma cells —_ 0.756 T cells folicular helper —_ 0.482 Maorophages MO —_ 0.548
NK cels resting - 0.764 Dendritic cells restm% —_ 0.485 Dendritic cells resfing —_ 0.597
Eosinophils - 0.827 Macrophages M - 0.631 T cells follicular helper - 0.820
T cells gamma delta -_ 0.827 NK cells activated 0.954 NK cels activated - 0.873
T cells CD4 memory activated - 0.827 Mast cells activated . 0.923 Teels CDB - 0.899
B cells memory - 0.827 Tcells CD§ - 0.548 Mast cels acivated - 0.648
Macrophages M2 - 0.915 Eosinophils — 0.374 T cells CD4 naive — 0.579
T cells CD4 memory resting 1.000 T cells gamma delta —_— 0.374 Macrophages M1 — 0.363
Macrophages MO - 0.914 T cells CD4 memory activated — 0.374 Eosinophis — 0.173
T cells reguiatory (Tregs) e 0.822 B cells memory — 0.374 T cels gamma delta *— 0.173
Neutrophils _— 0.732 Macrophages M2 — 0.284 T cells CD4 memory acivated *r— 0.173
Monocytes _— 0.658 T cells CD4 naive — 0.219 B cells memory *— 0.173
Mast cells acivated — 0.648 T cells CD4 mamory resting — 0.161 Macropheges M2 &— 0.135
Macrophages M1 — 0518 NK cells resting — 0.145 T cells CD4 memory resting : 0.067
T cells CD4 naive — 0.363 Monocytes — 0.116 NK cells restng 0.049
B cels nalve | coummm 0.361 Macrophages M1~ —— 0.011 Monocytes 0.018
-04 02 0 02 04 05 0 05 ~0.6-0.4-02 0 0.2 0.4 0.6

Correlation Coefficient

A-IPF 1 5% R4 Se e g 4= AL ATIR BT B-TPF 4 500 MR A S e MBI AR 2R B s C~G-5 MRFAIE S () 5 S BE AL A AH S 20

A-bar graph of immune cell abundance between IPF and Control groups; B-box plot of immune cell infiltration between IPF and Control groups; C—G-

correlation analysis between five characteristic genes and immune cells.
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Fig. 5 Results of immune cell infiltration analysis
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Wy, AL 10 MR [ EA (vimentin, VIM)., C-
C H P4tk R 7 HAA 2(C-C motif chemokine ligand
2, CCL2). B%EHHEM 1 (tight junction protein
1, TIPD. R A 4R 1% E A (glial fibrillary acidic

protein, GFAP). F- 4 K [ B [F -1~ 1 Cearly growth
response 1, EGR1). M H (gephyrin, GPHN).
254 A 1 (calbindin 1, CALBL). £ 22555
(neurofilament light chain, NEFL). EJIKFTA 1
(tachykinin precursor 1, TAC1). {28 I J#5 i
= B & (corticotropin releasing hormone ,

CRH) ] AXNALEY), 3t 540 Fho HIERAET 2535
ey Ja, ikt 15 Mg EETE &Y, ARERD
JRALFEA R 2 LAWY ARBR. 6 R SR
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A-UMAP plot of the number of cell subsets in the IPF single-cell dataset; B-UMAP plots of major cell populations identified in IPF and controls; C—G-
violin plot of characteristic gene expression in each cell population; H-inferred cellular communication networks between different cell populations; I-

bubble plot of signature gene expression in each cell population.

6 BIMREFERESITER

Fig. 6 Results of single-cell transcriptome analysis

AL BT OB S D S R & it — PR ITCM 8 AN (B 7-B)o B RIREER . b &5 23 A
FERRTEAL TR L, 3RAF 409 FRAHSCH 2, 5 KBk Cytoscape F4 % “JE[R-pi - 257 4%, G 197
KUK G2 150 FEEFZ), SMAMARE NS 226 40 (K 7-A). @A, 1%
Ko AZEAE. R AJEsk. WimEt. FBRAE FEAE (degree) HEFFIEELAT 3 ik &4 (LU ZEH .
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¢ i JEEIE -
24 (&5 b PN} AN

A- “IPF BRIRIER - r-rh 2 7 M4 1B B-SCHEZ AT 30 MVEFE TR 25 C-rP2 TR LBl D-h A MAEA B E-h2H% 010
HILE] PPyt AR ik Al

A-network diagram of “IPF causal gene-component-traditional Chinese medicine (TCM)”; B-top 30 TCMs with potential interventions; C-radar chart of
the distribution of five flavors of TCM; D-radar chart of the distribution of the four natures of TCM; E-radar chart of the meridian tropism distribution of
TCM; F-radar chart of the toxicity distribution of TCM.

7 RN FHS S
Fig.7 Targeted prediction and analysis of TCM

Ml Rz 25 AEIB 880 T Ja 225y X8 (R 4). L%, BHEZ (B 7-0); HEHEPRFAF. M.
B b R 25 0 12 P8 T & b 150 AR 25 H 24 B. M. 5% (K 7-E); KZHPHETLHEMEICEH
KA, 251 DUE . P FERNE (B 7-D); Z5RDL (B 7-F).

T4 A5 LEMHXRER

Table 4 Key information of top 5 compounds

PubChem CID WA R LA 7T AHXS 43T 0 & fEE
5280863 kaempferol Ll 2 C15H1006 286.24 136
439246 naringenin &N C1sH120s 272.25 23
19009 palmatine AN CR Ca1H22NO4* 352.40 12
5281703 wogonin WEEER C16H1205 284.26 11

5154 sanguinarine I AR C20H14NO4* 332.30 8
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210 PFXIEHEIESESR

IEFRFEAERT 3 A& Qi Zsmy. Mz, JEM
B 5 10 MZOIEREE (VIM. CCL2.
TJP1. GFAP. EGR1. GPHN. CALBI. NEFL. TACI.
CRH) #7151, FUARZEFI M PubChem 3REL—
HE4ER], £ Chem3D 22.0.0 4 MM2 13788 /)N
TRAb3E . SZR AL B NEFL 4 (=450
H AlphaFold ¥t 7E), HoR 9 MESIIM PDB T
(VIM:3SSU. CCL2:4ZK9. TIP1:2H2C. GFAP:6A9P.

EGRI1:4R2D. GPHN:1JLJ. CALB1:6FIE. TAC1:4HOM.
CRH:3EHU). Si&RErHlibRifE: <-4.25kcal/mol (1
kcal=4.2 kI) NHiE. <5 kcal/mol Ny RIFAI<-7
keal/mol Jifk. Wik 5 MK 8-A Tor, FrEHAEYS
A EE A BRI T—4.25 keal/mol, TERRRELS &

JtH CRH F1 TAC1 5 3 Fib &S & ReSIE T8
keal/mol (] 8-B~D). il 731X 845 5ot 1l
i, PR3 bSO g atae, BAE
X} IPF [T e P A

x5 RiEUEVMESRUOEERERNS FIHELE SR

Table 5 Molecular docking binding energy between candidate compounds and core genes

£ wEY shitrfgl(keal mol™)  FEREAAFUA ot (XY, 2) MRS (%Y, 2)
CALB1 e 77 340 -13,8,-19 21,21,21
Rl B2 2% -75 340 -13,8,-19 21,21, 21
BT o 7.4 395 -33,3,-21 22,22,22
CCL2 g4 -7.3 195 —4,-18, 5 21,21, 21
Rl e 3= 7.2 195 —4,-18,5 21,21,21
JEPHBIT T 6.8 195 —4,-18,5 22,22, 22
CRH 1L 251 -9.8 3557 -38,-12, 66 21, 35,30
Hilt HZ 2% 9.1 4992 -39, -38, 110 28, 35,35
BT B -8.2 4992 -39, 38,110 28, 35, 35
EGR1 g4 6.6 1773 4,-4,-16 21,21, 21
Al ¢ 3% -7.2 1773 4,-4,-16 21,21, 21
JEPHBIT -6.0 1773 4,-4,-16 22,22, 22
GFAR 1L 25y 7.2 630 —18, —235, 841 21,27,21
Filt FZ 2% -73 630 -18,-235, 841 21,27,21
BT B -6.5 630 —18, 235, 841 22,22,22
GPHN 1L 25y 7.4 318 24,-17,27 21,21, 21
Rl ¢ 3% -7.5 318 24,-7,27 21,21, 21
JEPHBIT -7.3 318 24,-7,27 22,22, 22
NEFL 111 25y 5.4 30 21,4,-3 21,21,21
Rl e 3% -54 30 21,4,-3 21,21,21
BT B -5.3 71 132, 43, —54 22,22,22
TAC1 125 -8.6 3137 20, 26, 50 28,21, 28
Filt B2 2% -8.4 1291 -4, 13, 67 21,21,21
JEPHBIT T -89 1291 -4, 13, 67 22,22, 22
TIP1 1L 25y 7.1 650 25,0, -7 21,21, 21
Rl e 3% -7.3 650 25,0,-7 21,21, 21
BT B -6.7 244 16,-3,0 22,22,22
VIM 125 -5.5 31 -8, 3,29 21,21,21
Hl1 B2 2% -5.7 31 -8,3,29 21,21,21
JEPHBIT T -6.1 31 -8,3,29 22,22, 22
3 Wig B AEA IPF (1) RS Wbr S KR b 2 i ik

AWFCRHZ 45 MR HESE, RGEVEAh 7w
e T s QIS IPF 22 8] PR SR OGHK

PR AL AR . BT GWAS HE I EFEAR MR
b, AN T AR ) SNP #EATRPIER; Ba
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A-heatmap of molecular docking between candidate compounds and core targets; B-molecular docking map of kaempferol and CRH; C-molecular docking

map of naringenin and CRH; D-molecular docking map of tetrandrine and TACI.
8 SFIEER
Fig. 8 Molecular docking results

IPF #0504, @it DEGs fl WGCNA fifiife (%%
DRI SR LR T FH LS 5 ) B A i e L,
ZE B B AN PR PR  scRNA-seq H 24075358 A 43
TXPEERIR, RSB AL AR B S T T 24
gAY .

PIFEA MR T8, it B B R o o 20 2
(1= BEAR A S IPF MBS AFAE LR G . BARI &
AMER (Lactobacillaceae) FEFHEE IPF X%
BEAARDG, AT B ] (Proteobacteria) = R4 i
5 IPF WS FmtH . AR AN EE “g-ifidh”
RIFPLR A, CAWITUESS, #h 71w nlsis ok
BRB TR 4EA,  FHLH 5875 5 5 e 7R K
P A Th17 4RA A k010, TR & 2
P 22 VRO B, T FE I I S5 18 RIS
DIAHOCUI-21; 7 IPF A3 S B i, RT3
PR T, A REEE i 2/ Toll FE3214K 4 JHERIK
TV AR, SRR LT AR R T R A4, A

BT NI AL 22 S T O FIR TR BFAE IPF Hp )4 4l
T BE S .

MR Z3Hr 3R 19 F 5 IPF {775 B35 R R
KUK e difa LAY . b, 9 FhRIUALRY H &=
(4 IgD* CD24°AC HIEME i B Treg b
CD4"Treg F4rtb), 10 MR ARESEF 2= (sl
A Treg i CD4Treg 173 LLAN NKT 40fd (5 T 4
B . AR KB Treg £E IPF H & 4% X0 A 2
PEH, WS A/ER B3 Treg AIRIR R, T 73 WAL Treg
AR R 2R, 87 Treg DhREAFAE R AT
FUUESE, IPF B M 23 B Treg A BT 4E+7

(transforming growth factor-B, TGF-B). M4/
%-10 (interleukin-10, IL-10) ZF£F4EALAR G T,
A B AT E AR S A ST, A, NKT 4]
7> Th2 B4 R FIe 2t S iR, e PF
HEREUO), AT T MIE % 2 BE UG AIE 13K 24 G 2 200
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AWFFEILRIL 26 FHILIER MY S IPF 52541
K, H 12 FOARP R ER L 14 PO RS PER 2R
R R, R R &AW [afHa
% (EE) B FR(Z,2). BEER ] KRB B &R
L. ML 3 BA e i R ek . IR IR
Wt Eor, HKT5 IPF BEIThAE T Bfd R 5 7
FHIC, WAL 2K 5 A R AR A AR G, B g
NEZKSP-FH s [FFE S IPF KU FRAIRAR DG, AR
1-WEER &% (1-phosphatidylserine, S1P) A[i@Eit
S1PR2/S1PR3 SZAAR1A T AT AE 2 A s 41810 78 AU
PEAUEIH, Z B0 B A CanwHS g/ g £
FAED FHm 5 IPF XBSIG ARG, XnlRe i 17 £
AR 5 IR AR 2 (R R R IRAS . R UG
TESYIRE R R I AR AL R E R CPL &
755 1 R ) P 5 R 2RO, H ARS8 (i
SR R LU S T D T Al i H A g £ )
PPt n 2 AR UNE B L. AR AL A
25 T R IMEAE S IPF XU 22 8] ) A
ES T3

i#id Ensembl 45N MR 1. HLAF & SNP 3
AT AR FEDE RS, 3RAS “ BRE- % AR AR A
£, BiZERNEY IPF #XAHE M DEGs M
WGCNA IR R A £, I3RS 21 Mgk A 2R
B @R LA S B R RE 5 M
OFEEPE APSMI1. SOXI11. ZMIZ2. FHIT #1 CDK6,
AIE IPF I ERIS Wiks £ .

APSMI1 E R H E &1k 5 (adaptor protein
complex 5, AP-5) [ 1 MILEE, FEATTAMPA N
RIZHNS AR, 0 TYERFAH M AR S B ORI VA B A e it
1B IS8T B AT B 1E RO, A HE TR
APSMI [1)7A8 S7 A 5] R I8 A VAL X L AR 21, R
g5 ST BN R A AR R TSRO, R I B s
IGIFYEIESE APSMI 5 IPF MH5%, ASHIF 7725 T Hoa
A B TR HEN APSMI AT 8385 52 0 il T 45 41
M AW B T A, 3R 3 UV A i r
A AR AR TS B AR SR, (R BRI A fr
SLIGIRIE. SOX11 /& SOX KA1, i
JERE AU aTiE e « 5 o SR A FE
AR, SOXI11 & TGF-B 155 HEk N
TR R T, 5 R TR S ) 2 At Ak g A
DIFHIER2, 7E R GuMEREALRE £ 2 1 52 JER R 2T 4 4 i
1, SOX11 E&EFILRE, FFnlH TGF-p #5F Lk

WA, NI A 4E A, SOX11 %2 IL-13 55
TR . mE SOXT1 nf S 25 4 B B 1 &% C-
C H P LA ¥R A 26(C-C motif chemokine ligand
26, CCL26) ZHARLF4ift 7+ BRIk, Ib4t,
SOX11-JiE B ZFMEA KK F 2 (insulin-like growth
factor 2, 1GF2) 155 HiAEMi H 3 & & ol # rh U4z i
W MRS TR, T EREE,
SOX11 124 IPF {—AN KUK JE R, AT e i i a2k i
YT S R ARARES 2 Fhigiis s
IPF it fg . ZMIZ2 & —Fiig sy i+, &5
TGF-p/Smad {5 5B EE A, RENLINGE Smad3 ]
e, MWMTRCOKIR R4 E 525, $R) ZMIZ2
ARETE IPF HR i R ORI A i RIS,
ZMIZ2 22 Wnt/B- & H (B-catenin) {55
TEEE I 1 ASH AL R, AT HS5E B-catenin /13
(R ST 1t (R A RS B 200 . il % 1) S O
TR IE ST HE B AT AN AL 3958 R FE LT
YN M LN, R e, ZMIZ2 A fg i i B
Wnt/B-catenin JH ¥ {E IPF F1 R EAEF . FHIT & 1 4
IR, VAR INEIE T, RS EIGSE .
T2 A0 3R FE . Uematsu 2528 IE7E IPF &
i 2E 2R PR A A 00 B % S B A R A SR B
FHIT & H R IE 7K 5 25 FREAK, 428 I A5 B R ik
%Ko FERB PF LAY, [EFEOLEEI M 11 A b i
M FHIT R8BI [ 4ER2 1 R AR, 1K 48 3
$278, FHIT Skn] fgilid s TGF-B 5 5 S K&
R A4EMMpIGIHE, 25 IPF MRAESKE.
CDKG6 & 4t Jfa Jil 1 2 3 M st Pk S A e pl R, it
59 E A D (cyclin D) 4546, IRS)4H 3 5
7E PF /N AR, CDK4/6 $ 75 A 18 74 Je n] 3 2%
FEARIB SR R DTAR , AN # 2R b gk e 30, 7
TR S R AR R, AN R ) A
& miR-107 W 8 [m #0H] CDK6, it fili 44
4 LA AR 2 M % o4k, 3Eif 51 % PR, Ak,
KHEIEZRMIS RNA IncSIL FJIET zeste FE K155 1 [A]
J5%) 2 (enhancer of zeste 2 polycomb repressive
complex 2 subunit, EZH2) /P21/CDK6 {5518, 7
% TGF-B1 753 e b iz 20 i l|) Js 5 AL B2, |
AW, CDK6 R REIE I DR 5) 2T 4 4 3
&3t TGF-B -5 B B - 18] Joa e A DA S e 75 i 6 928
IR BTS2 YL 25 IPF i BT R
NIRBRBAET IR, 21 AMik R IE
Ho] N CTD $dl R &R 1 10 NIRRT EY)
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ik, KAG 15 MIBEFEMEAEY) & 150 FgET
T2y, EMAL G EAFEM R LR,
B PR B JEINBT OISR RS
AL B 4o B IR i ik i Ak & B W AR BT
AU T TANE . BTN, (WZEMVEIT IR IPF
/I BRI 2R IR TE AR SR TR, FEBEAR o=~ LD
B (o-smooth muscle actin, o-SMA) F4FiEE
H R &, T WA b B RN B 7 «B
(phosphorylated nuclear factor-xB, p-NF-xB). &
AR F-0. (tumor necrosis factor-o, TNF-o). &
1 NF-xB #1#l| 2 4-a (phosphorylated inhibitory of
NF-kB-0,, p-IkB-0) FlIL-6 B AEIE, KIFEM/
B, PF 2 HOVE IS, A TR0, Ml R AEREAIK PF
NI HZ PR (hydroxyproline, HYP).
IL-18. IL-18. TGF-B1 &, FMZHIRESHEER
b 25 4 8 FF %2 & &5 3 3 ( nucleotide-binding
oligomerization domain-like receptor protein 3 ,
NLRP3). % CARD &5k 1M S5 A 2 A
(apoptosis associated speck like protein containing a
CARD, ASC). It B R A Z B K 1185~ 1 (cysteine
aspartate protease-1, Caspase-1) mRNA Flg Kk
HKFRA I TR (Collagen 1D a-SMA FlyE &
I (Vimentin) 25 %1%, i E-#5%) 25 F (epithelial-
cadherin, E-cadherin) & [H3RIA, 1XFRIFHAEHEH]
il PF EFE04, sk GBI TR I, B i b
1 E-cadherin 25 31X ) T Collagenl. £FiEEH
(Fibronection). a-SMA HEH KA, ML PF ik
J& I HE 22 N DNA $f5ibs E9 y-41 5 1 H2AX
(gamma-histone 2A variant X, y-H2AX) FIEEZ K
Pr SR AL pS3. p21. PRI B BRI £ 1 A3
ZAHK B-FILMEE RN B AR HAh, DOEE R
f£29 CDKO 7], i m] B3] CDK9 Al p53/
p21 {55 EEERD EPT PF [RE /1B, VEERERT
AR A A SEES R I, ARBRE i E-cadherin &
i, T Vimentin & o-SMA ik, I id % TGF-
BIR #J G KA PF.

JUE AR AT LR &I, B FEREALL TR
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