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Abstract: Objective To explore the pharmacophenomics characteristics and mechanisms of traditional Chinese medicine (TCM)
under different symptomatic phenotypes of asthma airway remodeling based on “phenotype-syndrome-Chinese medicine” association
network. Methods Collect the clinical research literature of TCM intervention on asthma airway remodeling (Scope of search: library
build to 24 March 2024), extract TCM information elements and asthma airway remodeling related indicators and classify the syndrome
phenotype. Descriptive statistics were performed by RStudio, and the association rules of TCM and airway remodeling indicators of
TCM linked by syndrome phenotype were explored by Apriori algorithm and point mutual information method, and the core TCM
prescription was mined by hclust function. HERB and the GeneCards database were used to identify the target spectrum of the core
TCM prescription for airway remodeling. Markov cluster algorithm (MCL) was used to mine the key functional gene clusters and
screen key targets. Human airway epithelial, nasal swab and sputum sample data were used to characterise the contribution of key
targets to airway remodeling. Finally, the pathways and biological functions of the key functional gene clusters were analysed by over-
representation analysis (ORA). Results A total of 76 literatures were included, which were divided into five syndrome phenotypes:
cold asthma, wind asthma, heat asthma, deficiency asthma and blood stasis asthma, and 139 TCMs involving remodeling indicators
such as transforming growth factor-1 (TGF-B1), tumor necrosis factor-a (TNF-a)), matrix metalloproteinases-9 (MMP-9), etc. In terms
of the phenotypic characteristics of TCM, cold asthma was mainly effective in dispelling cold, diaphoresis relieving superficies and
resolving phlegm [Shegan (Belamcandae Rhizoma), Ganjiang (Zingiberis Rhizoma), Xixin (Asari Radix et Rhizoma), Guizhi
(Cinnamomi Ramulus)], wind asthma was mainly in dispelling wind, purging phlegm and spasmolysis [Laifuzi (Raphani Semen),
Zisuzi (Perillae Fructus), Jiangcan (Bombyx Batryticatus), Juhong (Citri Exocarpium Rubrum), Fangfeng (Saposhnikoviae Radix),
Dilong (Pheretima), Jingjie (Schizonepetae Herba), Banxia (Pinelliae Rhizoma), Mahuang (Ephedrae Herba), Chenpi (Citri
Reticulatae Pericarpium), Fuling (Poria), Wuweizi (Schisandrae Chinensis Fructus)], heat asthma was mainly in clearing lung heat
and resolving phlegm [Sangbaipi (Mori Cortex), Chantui (Cicadae Periostracum), Houpo (Magnoliae Officinalis Cortex), Kuxingren
(Armeniacae Semen Amarum), Kuandonghua (Farfarae Flos), Huangqin (Scutellariae Radix), Zhebeimu (Fritillariae Thunbergii
Bulbus), Baiguo (Ginkgo Semen), Baiqian (Cynanchi Stauntonii Rhizoma et Radix)], deficiency asthma was mainly in tonifying ¢i,
nourishing yin and consolidating this effect [Buguzhi (Psoraleae Fructus), Gancao (Glycyrrhizae Radix et Rhizoma), Maidong
(Ophiopogonis Radix), Shanyao (Dioscoreae Rhizoma), Dangshen (Codonopsis Radix), Huangqi (Astragali Radix), Baizhu
(Atractylodis Macrocephalae Rhizoma)], and blood stasis asthma was mainly in promoting blood circulation, removing blood stasis
and resolving phlegm [Danggui (4ngelicae Sinensis Radix), Shudihuang (Rehmanniae Radix Praeparata), Mudanpi (Moutan Cortex),
Danshen (Salviae Miltiorrhizae Radix et Rhizoma), Dazao (Jujubae Fructus), Taoren (Persicae Semen), Hongshen (Persicae Semen),
Chuanxiong (Chuanxiong Rhizoma), Baishao (Paeoniae Radix Alba), Beishashen (Glehniae Radix)]. In terms of correlation between
TCM and remodeling indicators, Glycyrrhizae Radix et Rhizoma, Armeniacae Semen Amarum, Ephedrae Herba, Pinelliae Rhizoma

and Citri Reticulatae Pericarpium were closely linked to TGF-f1, MMP-9 and wall area (WA). Key targets of TCM for different
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syndrome phenotypes were cold asthma-C-C motif chemokine receptor 2 (CCR2), wind asthma-interleukin 17A (IL17A), heat asthma-
catenin beta 1 (CTNNBI), deficiency asthma-colony stimulating factor 2 (CSF2) and blood stasis asthma-bone morphogenetic protein
2 (BMP2), with airway epithelial CTNNBI, nasal swab CCR2, and sputum CCR2 contributing the most to airway remodeling. ORA
suggested that cold asthma prescription mainly played a pharmacological role in inhibiting endoplasmic reticulum stress and
maintaining cell stability, wind asthma prescription mainly played a pharmacological role in regulating calcium channels and relieving
smooth muscle spasm, heat asthma prescription mainly played a pharmacological role in regulating immunity and anti-inflammation,
deficiency asthma prescription mainly played a pharmacological role in inhibiting proliferation and invasion and regulating immune
response, and blood stasis asthma prescription mainly played a pharmacological role in relieving airway fibrosis. Conclusion
Through the systematic analysis of the pharmacophenomics of TCM, the phenotypes of TCM for airway remodeling of asthma have
different characteristics, and the pharmacological mechanisms were mainly related to inhibition of endoplasmic reticulum stress, anti-
inflammation, regulation of immunity, anti-proliferation and anti-fibrosis.

Keywords: asthma; airway remodeling; phenomics of TCM; phenomics of syndrome; pharmacophenomics of TCM; transforming
growth factor-f1; tumor necrosis factor-o; matrix metalloproteinases-9; Glycyrrhizae Radix et Rhizoma; Armeniacae Semen Amarum;

Ephedrae Herba; Pinelliae Rhizoma; Citri Reticulatae Pericarpium
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Fig. 4 Apriori algorithm-driven TCM association rule mining (A) and herb network analysis (B) for asthma airway

remodeling
Fz2 EHT Apriori BB HRBERN ZHEHS #=3 ET Apriori EEIZIRAVAIEIE P REMN (i
B 20) EHEAR 20)

Table 2 Apriori algorithm-driven top 20 traditional Table 3 Apriori algorithm-driven top 20 cold asthma
Chinese medicine association rules by support traditional Chinese medicine association rules by support

ikl A XA BEE B RHE KRR SO BASE BN RIHE
3 J?-;b ZHK=>HA 013 100 013 550 2 ¥H 076 076 100 100
4 R, RAESHA 03 100 013 550 3 W 0.76 076 100 100
5 K%, FAN>HO 013 100 013 550 4 g 062 062 100 1.00
6 Mk, RAE>HA 013 100 013 550 5 SF=>hie 014 1.00 014 264
7 B®R, ZAN->HKA 0.13 1.00 0.13 5.50 6 HBIT=>ERE 0.14 1.00 0.14 1.12
2 ii i;i;ﬁq 812 183 gig g:g 7 IRk 014 080 017 105
10 ﬁ% ﬂﬂﬂﬁ‘»éﬂi 0:12 1:00 0:12 5:50 8 FAh=>EE 014 080 —0lr 178
11 B, EE=>EA 012 100 012 550 9 MAAE=>%7F 014 080 017 387
12 Bk, #E=>AR 011 100 011 550 10 2 F=>H,LAM 014 067 021  3.87
13 %%, HE=>AK 010 100 010 550 11 HBa=>Fi A, 014 1.00 014 414
4 %%, {8, #E=>a4 010 100 010 550 12 Ba=>yi 014 100 014 161
5oL WoM MM M S geenr om0 o0 7

y KTy 4 = . . X .

17 HE, B, 1T, ?mq*ei 009 075 012 743 14 BT=>ki 010 075 014 725
T 15 FEFE=>Hh e 010 1.00 010 264

18 EE, HE, f0kF 41E=> 009 075 012 743 16 FEFE=>EA - 010 1.00 010 2.23
f% » 17 FEfE=>H % 010 1.00 010 1.32

19 tmij% FEE, T%F, 009 075 012 743 18 RSl 010 100 010 112
19 FEKE=>EH 010 1.00 0.0 5.80

20 GRE, FRE, W, A¥=> 009 069 013 6.85
T#

N
o

JER=>F 1 010 060 0.17 5.80
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FT 4 BT Apriori BIXIZIERIRME R ZARERIN GFF Fz 6 ET Apriori EXISIERIEMIERZAREIN i
EHEZ AT 20) EHEZ AT 20)

Table 4 Apriori algorithm-driven top 20 wind asthma Table 6 Apriori algorithm-driven top 20 deficiency

traditional Chinese medicine association rules by support asthma traditional Chinese medicine association rules by

BB KRR B maE R support
1 R 0.79 0.79 1.00 1.00 el ES XFE BREE BEE RIE
2 H= 071 071 100  1.00 1 HE 074 074 100 1.00
3 Hi 071 071 1.00 1.00 2 KFS=>EK 012 1.00 012 213
4 FEHAZ 071 071 1.00 1.00 3 ¥ETr=HAxT 012 100 012 6.80
5 Einr=>EE 007 1.00 0.07 175 4 HIFF=>3%T 012 080 015  6.80
6 EEIR=>F5 R 007 1.00 007 175 5 P> 012 100 012 567
7 ORI 0.07 1.00 007 140 6 WHT=>HET 012 067 018 567
8 SURM=>REIC 007 100 007 127 7 RAEH=>lkwE 009 100 009 680
9 =>4 007 100 007 467 8 Kfeh=>%% 009 100 009 567
10 HAFTF=¥ET 007 100 0.07 467 9 RiEK=>THMET 009 1.00 009  2.00
1L FFFF=>555F 007 100 007 233 10 Fu=>ts 009 100 009 6.80
12 Ex=>fil 007 100 007 14.00 11 MgidF=>11%% 009 075 012 5.10
13 Fiffi=>A:22 007 1.00 0.07 14.00 12 HifesliZ 005 075 o012 319
14 gk 007 100 007 3.50 13 Efr=>lts 009 100 009 6.80
15 AEZE=D>EBT 007 1.00 007 233 = ' ' : :
16 ‘hE=>HEL 007 100 007 233 W Ef=FR 009 100 000 227
17 HEosirx 007 100 007 233 15 KFZ=>R% 009 075 012 1.8
18 %= 007 100 007 175 16 KFZ=>PiKR 009 075 012 170
19 EHiE=>{EE 007 100 007 175 17 KyZ=>pAk 009 075 012 170
20 ‘EHLEE=>P K 007 100 007 175 18 K¥Z=>Nilk¥ 009 075 012 150
PR
s BT Apriori HBROMBERTREAN (s - ﬁiézﬁi SO
EHEZH 20) — : —
Table 5 Apriori algorithm-driven top 20 heat asthma 7 BT Apriori FIATZIERFIEE R A XN C2F5
EHEZ T 20)

traditional Chinese medicine association rules by support

Table 7 Apriori algorithm-driven top 20 blood stasis

75 RPN XFE BiEE BEE RAE . . . (o
— asthma traditional Chinese medicine association rules by
1 H= 089 089 100 1.00
e g support
2 EHL 067 067 100 1.00 _ e _ —
3 R 061 061 100 100 75 ?Gﬁaéﬂﬂ XFE BEE BRE BRAE
4 %Em 061 06l 100 100 1 075 075 100 1.00
- ' ' ' ' 2 ¥E 075 075 100 1.00
5 HET=>ii Ikt 017 1.00 017 3.0 3 Bigesis 025 100 025 400
6 i r=>Hi 017 100 017 113 4 Fe=W 025 100 025 400
7 Mr=>wi 2 011 1.00 011 9.0 5  BE=>%A 025 1.00 025 4.00
8  TAFR=>Hr VI B} 011 1.00 011  3.00 6 HHE=>FRE 025 1.00 025 4.00
9 BiM=>HE T 011 100 011 6.00 7 Bin;‘?{@ﬂﬁﬁ& 025 100 025 4.00
10 ARBIE=>F 158 0.11 1.00 0.11 9.00 8 i —>%IUE| 0.25 1.00 0.25 4.00
11 s T 011 100 011  6.00 9 FIS=>Hdh 025 1.00 025 4.00
LR ' ' ' ' 10 FB=>14 025 100 025  2.00
12 Aifl=>I%ET 011 100 011 6.00 R 025 100 025 133
13 REE=>HAAL 011 100 011  3.60 12 BE=HT 025 100 025  4.00
14 ER=>%8nT1 011 1.00 011 3.0 13 =>4 025 1.00 025 4.00
15 EHZ=>ii Nk 011 1.00 011 3.0 14 HdhEE=>HA) 025 1.00 025 200
16 fafRti=>#77 0.1 1.00 0.11 3.00 15 E{Lﬂﬁﬁ=>ﬂﬁj’5 0.25 1.00 0.25 1.33
17 MAurb=>E 011 100 011 2,00 16 HA=>lT 025 100 025 400
18 ftiEr=>®A4 041 100 041 150 L AR 025 100 025 200
L onHe ' ' ' 18 HH=>Hf 025 100 025 133
19 frii=>2 011 100 011 164 19 4Z=>IF 025 100 025 400
20 ArE=>1TE 011 100 011 113 20 CEW%=>ilF 025 100 025  4.00
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Fig. 5 Syndrome-remodeling indicator association network (A) and complex network of traditional Chinese medicine-

remodeling indicator (B)
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8 EToXNEEEEZEMNDA-SEERRREBEMNE
Table 8 Association rules of traditional Chinese medicine

and airway remodeling indicators mined based on PMI

Fe R RGEEBIER FEISIK PMIE
1 HAR WA 6.00 2.56
2 FE VEGF 5.00 1.30
3 FE WA 10.00 1.30
4 FE MMP-9 11.00 1.21
5 Y5 TIMP-1 5.00 1.04
6 L MMP-9 6.00 1.18
7 954 MMP-9 10.00 1.47
8 954 WA 8.00 1.40
9 53574 TGF-B1 8.00 1.18

10 iy MMP-9 7.00 1.29
11 By A WA 6.00 1.25
12 R WA 8.00 1.86
13 W% MMP-9 8.00 157
14 IRZ% TGF-p1 5.00 0.98
15 H= TA 6.00 1.64
16 H= LA 7.00 1.64
17 Hrr TIMP-1 7.00 1.15
18 H WA 11.00 1.13
19 H= MMP-9 13.00 1.12
20 HE TGF-B1 12.00 1.04

*9 ET Apriori BN SIBEERREIRRENE (X
FrEHER AT 20)
Table 9 Apriori algorithm-driven top 20 airway

remodeling indicator association rules by support

5 REEH TRE BEE BEEE RAE X
1 TGF-BI=>MMP-9 014 056 025 208 10
2 MMP-9=>TGF-Bl 014 053 027 208 10
3 LA=>WA 010 100 010 444 7
4 TIMP-1=>MMP-9 010 070 014 262 7
5 TA=>LA 008 100 008 1014 6
6 LA=>TA 008 08 010 1014 6
7 TA=>WA 008 100 008 444 6
8 LA TA=>WA 008 100 008 444 6
9 TAWA=>LA 008 100 008 1014 6
10 LA WA=>TA 008 086 010 1014 6
11 MMP-2=>TIMP-1 006 067 008 473 4
12 TGF-Bl, TNF-e=> 006 080 007 299 4
MMP-9
13 MMP-9, TNF-e=> 006 080 007 316 4
TGF-pl
14 bFGF=>VEGF 004 100 004 888 3
15 WA%=>WA 004 075 006 333 3
16 AO=>Al 004 100 004 2367 3
17 AI=>A0 004 100 004 2367 3
18 MMP-2=>MMP-9 004 050 008 187 3
19 Wat=>Wam 003 100 003 3550 2
20 Wam=>Wat 003 100 003 3550 2

22 EF “REGHER-HH XENERESEE
AR EHEIRRE T B R 2R B ZGIR(EAHLFI

RBEATTER TREEBEMKE 145 M
o WA TR T OB B R IA 68 ML,
B TR T RIEE A T IR 252 NS R
WEL TR T RE BB AL T A 52 AN R
HITER T RIEERRRANA 31 MR, LK 6-
B. MCL R HrfZ 88 th BUERT 3 AN IEE R
TR BEHE A A%, AR fo v ) S R A 55 0 ) e 14 I -
C-C HJFafb ¥ %4k 2 (C-C motif chemokine
receptor 2, CCR2) . MK EE-F 40 il - & 17A
Cinterleukin 17A , IL17A). #ABE-EHXREH Bl
(catenin beta 1, CTNNBI1). MEBE-EEEHITEIA T 2
(colony stimulating factor 2, CSF2) MIEE-H &
KAE 1 2 (bone morphogenetic protein 2, BMP2),
L 7. 2% SRR B R YR 2 A A EE A R
R, LA 8.

Nt S RAEABE-CCR2. RUBE-ILITA . A
CTNNBI. HEBE-CSF2 J2JiE-BMP2 f£JH E 2
B SR, BRI L RREA (GSE4302). f4K
THEA (GSE41862). JRFEA (GSE41863) (%%
A, MEZERRIAGR, KIE B
CTNNBI. &4 7HA&H CRR2. KR FEA H CCR2
X ELE N DR L AR (&1 9-A), H CTNNBI,
CCR2 fE I8 b Bz A0 6 AR A vh 2 W 1 Bt v
(K 9-B). BRritbz b, fEBENG I8 H 5 R AR
AP, CCR2 5 CSF2 [FRiAE 5 E EAHK
(P<<0.001); fEIRWBFEA T, CSF2 5 IL17A. BMP2
fIFREREEEZHIEMR (P<0.01), WE9-C.

R IRR, R T AT e VR T
Bl {5 5 B A P Joit I e ) 2 19 B A5 5 i
2 SR RAE S R N SO B ER Y, R R
PN DR 87 955 A 4 5 400 i A 2 1) 24 BRAE D TiUE
HIPRRESE, B T5 AT Re AR T 4515 5 e,
Z 5581 A s R TE IR I s K I, K
PRV P IE AR IR VR ZEROVE s e 2 Ty
FRESEAE T Janus WAG(E 5 5 S AME SBUE E E
(Janus tyrosine kinase-signal transducer and activator
of transcription, JAK-STAT) 15518 A1 Th17 4 fig
GBS, 25 Q- RAEM R P, K
PRV B HTR AE R s BB T T Re 2R T
T IR TR /UL 3 i 2 11 5% B(phosphatidylinositol-
3-kinase-protein kinase B, PI3K-Akt) {5 518K, &
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Fig. 6 Core formulations of traditional Chinese medicine for different syndrome phenotypes (A) and information of airway

remodeling targets (B)

o pROC
Hhuz
FPRT  cope Sy
CXCRE
s GATA3 T St
ACKRS i
IL12R82 i -
CCR1 CCRS :
PPBP wrco " fg cis PNV e Eang
CoRA (oo 2
FGF2  MET PCDH18
7 CXCRA_ i IL10RB - HP DES s
PIMZ - TGAL i 2> 22, GFAPWIF1 CDH1  JAGT
c274 st g
1GFBP7 R
& STAT6  soCs1 N
xeu TNESFIL S
TXNRD1 AOC3 GZMA IRF4 |o7RA o FGFR1
FNIPT- - Hspata o WY & L
MT2A G6PD JAK3 e A
ol SELL IRF2 MLH1 coHIs
B axrict S anesrio BACE &
HOPAS - yispes IR PIN1 DNMT38 SYNE2
MAP2K1 KMT2C  FaTa
HSPH1 cam
LONP1 GoLe 2
DNAJAT CTNNB
DNAJB4
R
IL3RA GH1
ceLrs con AR pwor Sai
ver GAODISA  cgEs
g cxoL co1B
STAT4 CLDONT SMA3 -~ psmcs 9o
IL17A PSMC5 fr e
il LoALst
PSMD13 LAMB1
IL1BRY TNFAIPS CACNATS »
g T
e PABP4 BGLAP  WNT1
NR3C1 DRD2
CACNAta  CAGNATC
CYP246 1GFBP3  BMP2 s
HTR3A
TRPC3 ssT TGFBRT  ghiaD1

7 FRENEEREAT BIXRIREE R

Fig. 7 Key functional gene clusters in formulations for different syndrome phenotypes
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Fig. 8 Association network of key targets in different syndrome phenotypes and airway remodeling-related genes
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Fig. 9 Value representation of key targets in airway remodeling for different syndrome phenotypes
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Fig. 10 Potential mechanisms of core traditional Chinese medicine formulations for different syndrome phenotypes of

asthma in intervention of airway remodeling pathological processes
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