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immunopathological processes. Xiao'er Jiangqi Pingxiao Mixture (JPM) is a clinically used empirical prescription
for the treatment of asthma. Previous studies have confirmed its efficacy in improving asthma symptoms, but its
underlying mechanism remains to be elucidated. In this study, transcriptomic data from nasal brush samples of
pediatric asthma patients (GSE152004) and lung tissue transcriptomic data from asthmatic mice (GSE41665) were
integrated. Core targets were identified using machine learning, and their association with the immune
microenvironment of asthma was explored through immune cell infiltration analysis. Pharmacodynamic evaluation
and mechanistic validation were then performed in an ovalbumin (OVA) -induced asthma mouse model. The
pharmacodynamic results showed that JPM significantly reduced the levels of interleukin (IL)-4 and IL-5 in
bronchoalveolar lavage fluid (BALF) of model mice and alleviated airway inflammatory infiltration, mucus
secretion, and collagen deposition. Machine learning identified seven core genes, among which /L-/3 and
interleukin-1 receptor-like 1 (/L-IRLI) were significantly positively correlated and closely associated with the
infiltration of pro-inflammatory immune cells such as activated dendritic cells and type 1 macrophage (M1).
Enzyme-linked immunosorbent assay (ELISA), immunohistochemistry (IHC), and real-time quantitative PCR (RT-
gPCR) further demonstrated that JPM significantly downregulated the protein expressions of IL-13 and IL-1RL1 in
BALF, suppressed the positive expressions of complement C1q subcomponent subunit A (C1QA) and subunit C
(C1QCQC) in lung tissues, and reduced the messenger RNA (mRNA) levels of /L-33, thymic stromal lymphopoietin
(TSLP), and the complement receptor low-density lipoprotein receptor-related protein 1 (LRPI). Collectively, these
findings suggest that JPM may ameliorate the experimental asthma phenotype by interfering with the "epithelial
alarmin-complement-mediated presentation-type 2 immune amplification" cascade axis (specifically through
inhibiting IL-33/TSLP release, blocking C1QA/C1QC-LRP1 mediated antigen presentation, and modulating the IL-
IRL1/IL-13 axis), thereby systematically restoring the helper T cell 2 (Th2) immune microenvironment
homeostasis. This study provides an experimental basis for further mechanistic investigation and clinical
application of JPM. All animal experiments were approved by the Animal Ethics Committee of China Academy of
Chinese Medical Sciences (approval No.: 2026B039).

Key words: Xiao'er Jiangqi Pingxiao Mixture; asthma; IL-1RL1/IL-13 axis; machine learning; immune cell

infiltration; multi-source data integration
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Table 1

Primer sequences of mouse genes used for real-time qPCR. 7L-33: Interleukin-33; /L-13: Interleukin-13; /L-/RLI: Interleukin-1

receptor-like 1; 7SLP: Thymic stromal lymphopoietin; C/QA: C1q subcomponent subunit A; C/QC: Clq subcomponent subunit C; LRPI:

Low-density lipoprotein receptor-related protein 1

Gene Forward primer sequence (5'-3") Reverse primer sequence (5'-3")
1L-33 GAGTGGCGTTACCTGTGCTT CGGGTGGGAACTAAAATGTCT
IL-IRLI CGCCAAGCTGCAATATCCCT CCTTGGCTCTTGGAGAGCTT
TSLP GCCATGATGAGGTGGTCTGAA CCCTTTGACAGCTGGATTTGC
Cl104 GAAGGGCGTGAAAGGCAATC CAAGCGTCATTGGGTTCTGC
ci1oc GTATTCACAGTCACCCGGCA TTGGCCGTATGCGATGTGTA
LRPI1 TGTAGCAATGGTGGCTCCTG ATACCAGAACACCACGCCAG
IL-13 CCCGATACCAAAATCGAAGTA CCCAGCAAAGTCTGATGTGAG
GAPDH AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA

ANFE K ] Dunnett's T3 K246 . LAP<0.05 NEFEA
SirEE N
R

1 PMNLESFEEFIRENEERZSER MRS
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A 5T I8 I I B B R I R i A
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HEAT T (B 1A) . A8 iy OB 45 SRR, 7R &
A 2Tk H BRI R R B o 12,5 mg-mL K DA AR R {E
i, %41 /18 B Penh {8 3 3K, 4 IR JE . 3% G it 2
Z 5 (P> 0.05). Ak 4Bk FFORE B R I A F

25 mg-mL™" B, BB 20 /)N BRI S0 3E R 7 00 e 4H B 3
FEE (P <0.001), 3 B8 /N R A B I8 1) 0 = R
LR AR, B /0N BROBE M B Y A4 B R T . TE 2T TR
77T, 24 AL 215 Y IR0 K B2 IR B 25 mg-mL v,
RV AR L, /N LB ST B A 75 s R 2 4/ BRI
S FH A7 2 AR (P < 0.05, B 1B), B L E &
189 718 LB ST I 5 711 B A% A R0 g W i /N BRI =00 v
. BhAk, ELISA Kl 46 3R 2R, 5 xf B4 AH L,
BEAY 20 BALF H Th2 B0 i 5 TL-4\IL-5 /K ~F 5235 7t
B (P <0.01); SEAAML, NLE PSR
7 5 41 1) TL-4 ek K -F 8 25 BE AR (P < 0.001, P < 0.01,
K 10), H & 7 & 41 IL-5 £k KTy 8% N

A Adaptive feeding for 5 d OVA atomization 5 d
74
gy 1 1d 15d 19d  21d  25d26d ooy
g ot
e After 24 hours of stimulation,
tissue collection and trimming
200 pL sensitizer was injected 19-25 d intragastric
intraperitoneally at 1 d and 15 d. administration
B . C 250+ e D i
8- % = _ ## ns
| ! T
— Control  § 2007 2 8007
6 & =
3 ] A
= . é 150 5 600 * " %
& . i -~ MM B 5
T Tt —~— JPM-H g 1007 £
24 o g g
- E— [ 3 -»~ DEX 5 g
g 50 g 200
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0 3425 6.25 12:5 25
0- o
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¥ g 5 S ¥ oo s
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Figure 1 Effect of Xiao'er Jiangqi Pingxiao Mixture (JPM) on airway inflammation and airway hyperresponsiveness in OVA-induced

asthmatic mice. A: Schematic diagram of OVA-induced asthmatic mouse model establishment and drug administration; B: Airway

hyperresponsiveness (Penh value) curves under increasing concentrations of methacholine; C: Expression levels of IL-4 in BALF detected

by ELISA; D: Expression levels of IL-5 in BALF detected by ELISA. DEX: Dexamethasone; OVA: Ovalbumin; JPM-L: Low-dose Xiao'er

Jiangqi Pingxiao Mixture (10.4 mL-kg"'-d"); JPM-M: Medium-dose Xiao'er Jiangqi Pingxiao Mixture (20.8 mL-kg"'-d"); JPM-H: High-dose
Xiao'er Jiangqi Pingxiao Mixture (41.6 mL-kg"'-d"); Mch: Methacholine; Penh: Enhanced pause; ELISA: Enzyme-linked immunosorbent
assay; IL-4: Interleukin-4; TL-5: Interleukin-5; BALF: Bronchoalveolar lavage fluid. n = 3, x + 5. P < 0.01, P < 0.001 vs control group;

ok

‘P<0.05,"P<0.01,""P<0.001 vs model group
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(P<0.05,P<0.01, E1D).
2 NLRES FREE TR AR /) R A H LR IR R |
MR MRS EELE

TERfIA /N LI B G 7 5 38 A 28 0 5 o ] B
PRI A b, AR 50— 25 VPl X il 4 08 R 453475
T oy v S SOE E IR R . HE Jeta g IR, 5Xf
FECZEL R T, A Y 20 S SRS T ot /e T L R AL K R % A
MR G, I R )2 H S5 8L SR,
IIN LB ST B 5 700 % 751 AL % i E KA 2L 1) 8 i 4
TR R D, il A R R GE (K 2A). 5
BERY L AR LE, /N JL R AP 8 G 5771 5 711) 2 2 % i 2 K Y
LI s 9 RE VT 43 25 2 AT LA AL (P < 0.000 1,
2B). PAS JLt 25 R IR, 55X R AR LG, 158 40 <0
MR R ER A, AR WM E (P<
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Figure 2 Effect of JPM on lung histopathology, mucus secretion, and airway remodeling in asthmatic mice (200x). A: Representative

images of HE staining, red arrows indicate inflammatory cell infiltration; B: Lung inflammation scores; C: PAS staining for mucus secretion

and goblet cell hyperplasia; D: Quantitative analysis of mucus secretion; E: Masson staining for collagen deposition (blue); F: Quantitative

analysis of collagen deposition area. Scale bar: 100 pm. HE: Hematoxylin-eosin; PAS: Periodic acid-Schiff; Masson: Masson's trichrome.
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Figure 3 Identification of intersection genes and construction of machine learning diagnostic models. A: Volcano plot of DEGs in the
mouse (GSE41665) asthma dataset; B: Volcano plot of DEGs in the human (GSE152004) asthma dataset; C: Venn diagram showing the

intersection of mouse DEGs, human DEGs, and JPM targets; D: AUC performance comparison of different machine learning algorithms; E:

ROC curve of the optimal model in the training set; F: ROC curve of the optimal model in the validation set; G: Confusion matrix analysis

of the diagnostic model in the training set; H: Confusion matrix analysis of the diagnostic model in the validation set. DEGs: Differentially

expressed genes; AUC: Area under the curve; ROC: Receiver operating characteristic; Lasso: Least absolute shrinkage and selection

operator; GBM: Gradient boosting machine; SVM: Support vector machine; glmBoost: Generalized linear model boost; Stepglm: Stepwise

generalized linear model
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Figure 4 Expression patterns, diagnostic performance, and immune correlation of core genes. A: Boxplot of core gene expression levels in

asthma vs control groups; B: ROC curves for evaluating the diagnostic efficacy of individual core genes; C: Correlation matrix of core

genes; D: Correlation between /L-/3 expression and immune cell infiltration abundance; E: Correlation between /L-/RLI expression and

immune cell infiltration abundance
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Figure 5 Experimental validation of /L-/RL1/IL-13 axis and complement proteins in BALF and lung tissues (200x). A: Protein level of
IL-13 in BALF detected by ELISA; B: Protein level of IL-1RL1 in BALF detected by ELISA; C: Representative IHC images of C1QA
expression; D: Quantitative analysis of IOD for CIQA; E: Representative IHC images of C1QC expression; F: Quantitative analysis of IOD
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induced asthmatic mice. A—G: Detection of mRNA expression levels of various indicators in mouse lung tissue by RT-qPCR (A: IL-33; B:
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