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Exploring mechanism of Maimendong Decoction in treatment of gastroesophageal
reflux disease and idiopathic pulmonary fibrosis under “gather in stomach and
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Abstract: Objective To explore the biological connotation of “Zhongqi deficiency inverse” in gastroesophageal reflux disease
(GERD) and idiopathic pulmonary fibrosis (IPF) comorbidity from the perspective of “gathering in the stomach, focusing on the lung”.
Moreover, it explores the mechanism of Maimendong Decoction (3£[17147%) in the multimorbidity intervention. Methods GERD

and IPF gene expression profiles were obtained from the Gene Expression Omnibus database to screen shared differentially expressed
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genes (DEGs). Gene set enrichment analysis (GSEA) and immune cell infiltration identified core biological pathways to reveal the
biological mechanism of GERD and IPF comorbidity. Network pharmacology, molecular docking, receiver operating characteristic
(ROC) curve, external dataset validation and functional enrichment analysis were used to explore the core targets and mechanisms of
Maimendong Decoction in the intervention of multimorbidity. The quantitative trait loci of plasma cis proteins were obtained from
Decode, and the genome-wide association study data of GERD and IPF were obtained from IEU OpenGWAS. Mendelian
randomization (MR) was used to verify the core targets of Maimendong Decoction in the intervention of comorbidities. Results A
total of 1 303 shared DEGs were obtained. The expressions of resting dendritic cells, MO phase macrophages, plasma cells, and
regulatory T cells in GERD and IPF were similar. The core biological pathways of comorbidity include coagulation, epithelial-
mesenchymal transition, downregulation of the kirsten rat sarcoma viral oncogene (KRAS) pathway, and angiogenesis. A total of 209
active components of Maimendong Decoction acted on 16 comorbidity targets, which were mainly enriched in advanced glycation end
products and their receptors, cell cycle, platelet activation, and other pathways. Molecular docking, ROC curves, external datasets, and
MR identified three core targets for comorbidity: collagen alpha-1 (IIT) chain was negatively correlated with GERD and IPF, galectin-
7 was positively correlated with GERD and IPF, and cathepsin K was negatively correlated with IPF and positively correlated with
GERD. Conclusion The imbalance of pro-inflammatory and anti-inflammatory immune cells is the biological connotation of the
comorbidity of “Zhongqi deficiency inverse” in GERD and IPF. Maimendong Decoction can intervene with the comorbidity by
regulating immune inflammation and other mechanisms, which enriches the connotation of the theory of “gathering in the stomach,
focusing on the lung” and provides a reference for the study of the mechanism and intervention of the comorbidity.
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A-volcano map of idiopathic pulmonary fibrosis (IPF)-differentially expressed genes (DEGs); B-heat map of IPF-DEGs; C-volcano map of gastro-
esophageal reflux disease (GERD)-DEGs; D-heat map of GERD-DEGs; E-Venn plot of shared DEGs.
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Fig. 2 Immune cell infiltration and GSEA analysis
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A-IPF ¥ ROC #li%k: B-GERD ) ROC #i£k; C-IPF #MHEAFIIE: D-GERD AMHBASISRIE o
A-ROC curve of IPF; B-ROC curve of GERD; C-IPF external validation; D-GERD external validation.

B 5 SEIREE S SMERIIE
Fig. 5 Diagnostic efficacy and external validation

(AUCIPF =0.92, AUCGERD =0.87 ) ~ *&j‘lﬁ{%ﬁ B( aurora

#£& 7 (galectin-7, LGALS7, AUC;pr=0.94,

AUCGerp=0.81). ZHf1JEEEH A2 (cyclin A2,
CCNA2, AUCrr=1.00, AUCGrrp=0.66). MMP]

kinase B, AURKB, AUC]PF =0.74, AUCGERD =0.68 ) N
2 R BRI P 38 1 (cyclin-dependent kinase 1,
CDK1, AUCpr=0.83, AUCGrrp=0.71). FH F3.
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MMP2.MMP7.CTSK.COL1A1.COL3A1.LGALS7.
MMP1 fil CDK1 X5 EA RIFZHREE .

FEAN T EE 42 TP IGAIE 16 3L A #E IPF 5 GERD
tH IR L. 7E IPF Y, TOP24. MMP7. CTSK.
COLIAI.KIF11«MELK.COL3A41.LGALS7. CCNA2
N MMP1 ik L (] 5-C). 7E GERD H, ANPEP.
F3. MMP2. CTSK. COLIAI. MELK. COL3A1 #l
CDK1 #ik Fif, T AURKB. LGALS7 F1 MMPI 3
AT (K 5-D). H CTSK. COLIAI. MELK.

COL341. LGALS7 A1 MMPI {£ GERD #1 IPF 1}
FAEFRIE RN . 454 AUC {E, % CTSK.COL1AL1,
COL3A1.LGALS7 Hl MMP1 5& XN OB i
2.6 HDTFXEE

FIN&HSHMRERD GR 1D SHHZO
R 0PRSS R R, R COL3A1. LGALS7
5 BT A, FE AR o -HE A A AR <5
kcal/mol, RJJERARE X (B 6). HAXHUR
BT 2 B-HE M & MMP1.

%1 EI1%%TF GERD-IPF HFEIER 5
Table 1 Active components of Maidendong Decoction in intervention of GERD-IPF

BRI

AR AR BRIR

Hi7 RERA AFR i e e - MR EFA AR
(g mol™) HiE ¥E  (mPamol)
HE HEREE A (licoisoflavone A) CaoH1506 354.35 6 4 99.73 111.13 055
KA p-#H%E ME (B-carotene) CaoHss 536.89 0 0 191.61 0 0
FZ Julitr (borneol 7-O-[p-D-apiofuranosyl-  CatHseO1o 44851 10 6 105.43 158.3 055
(1-6)]-B-D-glucopyranoside )
FH EXE (baicalein) CisHioOs 270.24 5 3 7291 86.99 1
K BHHFEAE (geranyl acetone) CisHz0 19431 1 0 63.86 17.07 055
A% IIZF (kaempferol) CisH1006 286.24 6 4 76.01 111.13 055
1 A=0.1 nm.
4545 B/ (keal -mol ")
. - '
HER#E] A 770 —6.30 =740 =550 864 2 <85
B-HAE NEK —7.50 -7.10 . — .
JEH —650 -620 —6.10 —5.30 4
HER 680 —6.60 —6.40 —-5.30
FHIEHE 480 -5.00 -520 —6.20 .
IZ® —6.50 —6.70 —6.70 . -5.50
% B < = <
— = — = )
s ° B = 3
— Q @]
El 6 HFriEgRMRE
Fig. 6 Heatmap of molecular docking result
2.7 MR $#F 272 MR 4R VW g R EIR,

2.7.1 pQTLs REUK T HAREE NI
0o #E 5 E TPF I GERD HF AU /E A, M Decode
B4 FE3REL T CTSK. COL1A1. COL3A1. LGALS7
A MMP1 ) GWAS #idfs, AT Qi fr sILe 5
L, 1923700 A F{ETE 29.71~5 316.44 [ SNPs.

COL3A1 (OR=0.76, 95% CI: 0.66~0.89, P<
0.001), CTSK (OR=0.58, 95% CI: 0.50~0.66,

P<<0.001) 1 MMP1 (OR=0.98, 95% CI: 0.96~0.99,
P<0.05) 5 IPF &Ji 2 11AH5G; LGALS7 (OR=1.57,
95%CI: 1.34~1.85, P<<0.001) 5 IPF &% £ 1EA%
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(" 7-A). COL3Al 5 GERD A&k Z2HitH% (OR=
0.95, 95%CI: 0.93~0.98, P<<0.001), CTSK (OR=
1.30, 95%CI: 1.27~1.33, P<<0.001) A1 LGALS7
(OR=1.19,95%CI:1.15~1.23, P<<0.001) 5 GERD
KRR IEAI (B 7-B),

RO S S IPF 408, Cochrane’s
Q #&46 &P COL1A1. LGALS7 Fl MMP1 f£££ 5
PE, H R B EAE MR 20T 2 a2 1, H LOO &

IR R R RN AN 52 21 #— SNP §211, MR-Egger-
intercept fi 7N Proars7=0.04<<0.05 (£ 2), Hpgh
IR MR S5 AEAEK- 22 . AR O
48555 GERD B34, Cochrane’s Q #36 & IH,
LGALS7 A#E5 B (PLears7=0.00<<0.05), LOO
K90 AUE B D SR RN AN %2 B B — SNP 520, MR-
Egger-intercept ¥ 7~ Pcovsai~ Persk fl PLgars7<<0.05,
HRERAAEKFZ R (R 3D,

A Gene OR (95% CI) B
COL1A1 ;
MR Egger ——=———  095(056101.63)

Weighted median
Inverse variance weighted
Simple mode
Weighted mode
COL3A1
MR Egger
Weighted median
Inverse variance weighted
Simple mode
Weighted mode

1.10 (0.78 10 1.55)
0.90 (0.62 to 1.30)
1.11 (0.69 10 1.80)
1.23 (0.91 10 1.67)

1.01 (0.24 10 4.18)
0.65 (0.54 10 0.79)
0.76 (0.66 to 0.89)
0.65 (0.40 10 1.06)
0.64 (0.39 10 1.06)

CTSK
MR Egger 0.90 (0.47 10 1.72)
Weighted median 0.59 (0.49 10 0.70)
Inverse variance weighted 0.58 (0.50 to 0.66)
Simple mode 0.66 (0.42 to 1.04)
Weighted mode 0.58 (0.39 10 0.88)
LGALS7
MR Egger — 6.61 (1.73 10 25.15)

Weighted median
Inverse variance weighted
Simple mode
Weighted mode

MMP1
MR Egger
Weighted median
Inverse variance weighted
Simple mode

0.92 (0.7510 1.14)
. 1.57 (1.34 to 1.85)
0.72 (0.33 10 1.55)
0.74 (0.37 10 1.47)

0.99 (0.96 10 1.02)
0.98 (0.95 10 1.01)
0.98 (0.96 to 0.99)
1.02 (0.9410 1.10)

Weighted mode

Gene - IPF.

i
+ 0.99 (0.95 10 1.03)
0 1 2

Gene OR (95% CI)
COL1A1 :
MR Egger -v'- 1.03 (0.97 to 1.09)
Weighted median + 0.99 (0.94 to 1.05)
Inverse variance weighted + 1.00 (0.96 to 1.05)
Simple mode —— 1.00 (0.90 to 1.09)
Weighted mode - 0.99 (0.94 10 1.04)
COL3A1 }
MR Egger —— } 0.53 (0.41 t0 0.69)
Weighted median - 0.89 (0.86 10 0.93)
Inverse variance weighted = 0.95 (0.92 to 0.98)
Simple mode —— 0.88 (0.79 10 0.98)
Weighted mode —-— 0.88 (0.79 10 0.98)
CTSK
MR Egger —.— 0.91 (0.80 10 1.03)
Weighted median - 1.26 (1.21 10 1.30)
Inverse variance weighted - 1.30 (1.27 t0 1.33)
Simple mode r —=— 1.43(1.30t0 1.58)
Weighted mode L 1.21 (1.11101.32)
LGALST :
MR Egger . ; 0.50 (0.38 t0 0.66)
Weighted median - 1.09 (1.04t01.13)
Inverse variance weighted 1.19 (1.15t0 1.23)
Simple mode —— 1.01 (0.91101.12)
Weighted mode —— 1.01 (0.9210 1.11)
MMP1 ;
MR Egger - 1.00 (1.00t0 1.01)
Weighted median . 0.99 (0.98 t0 0.99)
Inverse variance weighted . 1.00 (1.00 to 1.00)
Simple mode ﬁ 0.99 (0.97 t0 1.00)
Weighted mode . 0.99 (0.98 to 1.00)
Gene - GERD, 11
0.3 1 1.6

A-FERICL L RO TPF IR SERE;  B-F6 1% O RORT GERD HFR SR KBk
A-causal association of comorbidity core targets to IPF; B-causal association of comorbidity comorbidity core targets to GERD.
7 MR SR
Fig. 7 Results of MR analysis

®2 HFEZOEAX IPF BR XA REIEH
Table 2 Quality control of causal association of comorbidity core targets to IPF
. i NP 5 SRR P
LOO Cochrane’s Q P MR-Egger intercept
COL1A1 IPF 27 - 70.73 0.000 0.78
COL3A1 129 - 29.33 1.000 0.70
CTSK 136 — 21.79 1.000 0.17
LGALS7 221 — 32341 0.000 0.04
MMP1 2 267 — 2 668.95 0.000 0.30
3 e JTZAESE, RS R N AR A TE AT R T I 2R

3.1 GERD 5 IPF #£FH& “BTF8, xTM” &
EIAR, “HESE” 2EZ OB
“ETH, T B RIE A E AL B 52

VAR, Bl BRAh, WRIRGE bRz mEa i i
E AR TR B R R AL ] R il D RE ST N
PR AR G, PRE A 5 7R AT R 1 B
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3 HFEZUELAX GERD B R KB A REEF
Table 3 Quality control of causal association of comorbidity core targets to GERD
o SR 2 SNP A4 SRR SS 7J<¥%§ﬂﬂ$
LOO Cochrane’s Q P MR-Egger intercept
COL1Al GERD 28 — 28.96 0.31 0.26
COL3Al 128 — 99.97 0.96 0.00
CTSK 148 — 62.95 1.00 0.00
LGALS7 230 — 493.55 0.00 0.00
MMP1 2277 — 1896.89 1.00 0.34

JE = A R B AR A58, GERD 5 IPF L5 A«
TH, RTW” #ieBAmEE R M. PRI IEER
/& GERD & WL B /NRIL, SEFRLNA S
B E N A O AR, WS IEN, A2,
S L “18 M JORE RS- B AL LB B -1 R 4F 4 Ak Ak
PRI, A IPF (1) 5B R R 19-281, i IPF Jiti it
PEVRAR T S0 A= 77 2584k SO0 B FE 2 L) R
AELEVEAE RS o

(R Z2/L) 5: “HWETAH”, GERD
5 IPF LI HLISAE T 0, A st e,
J& AT R - B4R L WL BE VR BT B P IR
BEBEf 2 GERD A SEE, MEENW, #S
METC LA IR TG AR 7R, A S HLAZ 2R, H
FOCDABE I THE L5, HARIIgeRE, BRK
A BB N SHLT XA, R 1 S
T, BBk E, SHSHRERE, BRI
IR EE. Wy EER, SO R ER . Bl T
TR MZWOERE . TT WL B R GERD K
WIRBNH 2, B A 0 A ORI o IR PRIIE
FEIRR B LA 25 S P8, Z 1 &3P RRE R
R BRIyENT GERD J7 %) IPF R 7E il 4%,
K RSN, RIMPIEAT AL . (SHEEHED
o “BRZAEREM L, SR, B
TR, HE MPEIRLE, W5 B, i
B e, st kas, mKANA, fREN, < E
W, TR A S R TR SRRERO). IPF T AR
FREE 2k, MAERMI7HE, SRR Bas, i b
W, W LN BHIE FLi Y. #2147 B R 2R
TG FRIAEIE T TA 7 R ] it 5 [R<AH
K, TR BLAERE . R, B R
IKBA K, PEASREEOR T, k798, WEME
i, AMLER, WA R, ELGEEAKE, [mR
MHEE, rTnE M E R, 8RB, WA
Ui, 4EA 114 T GERD 5 IPF J7 %k,

fE “RIRENG 7 MR, W R 2
IHAZ T
32 RREMAREMIEKER GERD 5 IPF £
&% ORI T

UL R B GERD #0i0 IPF 25 K53,
AT — PR H IR, RKI ZF AR R
T 98 Fo 95 40 B VA (1] (1) R A 34350, Hoh i I, DCs
F Tregs FEERIETIRIEA, E VR AT LEAS R H]
BN KA R BT R AUAVER, P RE R e 5
£fitlc DCs EE AR R MFIRGEFITHALE, &
b VR R AR L BRI 8 2 L R S A A o
PEAE [ N . DCs £E GERD H 4 Ak /b, S 3UR
G NI SEBS); TPF iR DCs /b, i 1L DCs 1Y
%, Ja# ] 3k TGF-B AT 4R ™ A= 4 i b
FEI, P4 Al b i AN M (e B 4T 4E AL BT, Tregs &
—EEBIYE T 4, A2 PRI T R AEMYERE St
S RIEEEIEH . Tregs X IPF XN M/ER: B
Al oA A KRB (transforming growth factor-
B, TGF-B) AL /N AT A2 A K PR 1B (platelet derived
growth factor, PDGF-B) & %I K 7 RAZL-4EAL.,
SRR 0 Y b Rl 2 P B R AT A A 8
GERD &AL s &1 Tregs 5 H A8 4 AEAH K,
AT RENLH R 6 B R AR B RN 1 £ S 040,
R0 2 LA WA, 7R BT 4R A0 DR 3 R
N, B MO B EARES R R 2 1K M1 AIHTA (1) M2
AN, FER R GHRKYIEIET, B#E B
JRA2, FEIPF kA EWRAHMIE GERD & 3K
ORERIE, i M1 AR R A B R o
(tumor necrosis factor-o,, TNF-a). F40AE/Z-1B
(interleukin-1B, IL-18) &¢It ¢ (K1, MHEE A 2 REAT
Ib4h, GERD AHIGM AN LA AL HE SRR s &
KPR BRI, X AT e L B N B
IEE AR AR, R GERD K
IPF Bl .
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33 RAREmMAeEARKEIHRE “PESE”
f5 HL BT A 4 5 ER itk

N RFEA WA DiEER, BHE
R TERE . R R ST 9% G g5 0 B K A TR
i S RS TR 1L K FERI AT . GERD 5 IPF
AR, FEFURRZER (OME. B, TEESD HillE
T, AR R LM LA 3 RO KA, PR s
2 0 2 IV A DA BRI B2 SRE AR S RS
TENR RSPUAR G2 A MAIA L A XS 2R A8 P i 348 12 1
ZEH, US98 S BRI A 2 T 8 R e se 4
FOAERETCiE, fEHUARLE T8 RARES, A FE
o RAE. “MERH-PR T RE-BE LT 2
GERD 5 IPF i KA MRSIN R, K E5HIR0E
Y Mk = R LS o B s B AR - 2k e R -
A B 5& GERD 5 IPF L KA R BERA T, X
55472 9% G e A MO AH S TURE R AL SE AR . B ki
N, AR KGR M R AT R IR R
JHATL A B A A 2 Al
34 FEFARBHIARRERESERIATT
GERD 5 IPF #i%

1%L E HE R, NS Al
B PR A, KK KRG Ak 2
A, HEFRES. 2 e, EReREY, fb
WIEH, LZEEE L ASE BN R BHR,
211437 AU AT 8 3 8 455 Fo 92 A O T8 % AN A T
Tl PF - filiig S5 g 145400, ik ] et K 3 e s D e
b 7 N A IPF b IR BE UL BE -3- B B0
(phosphatidylinositol-3-hydroxykinase, PI3K) /& ¥4
B (protein kinase B, Akt) /X kHEHEH O3a
(forkhead box O3a, FOXO3a) i, 5L
M2 HALIS), iR ge S R IR AR PR AE T R 1
(programmed cell death protein 1, PD-1) *CD4'T 4
Jf R0 2H 28 PD-1. FE  1E A i B T RC AR 1
(programmed cell death ligand 1, PD-L1) #IIL-17A
FIE, | G A N o

AR 22114711 GERD 55 IPF JLpHiL ]
HATIRZR, RIJTH AL R . mE R AR
4y Al REE COL3A1. CTSK Ml LGALS7 %54l i1
TRIL o Ll 25y LBk UE S AT 06 T 94k B2 4 v A A
HHEBO, FERRAS IPF /) BRI S E IR B, 1k
A, Ll 23 Wy I w] I A DA A PR 4 i S AR B R
i 2 B B B 02, SRS R AP PF S
1S BESEB,  HAF R B B4 2R T 4% Thi/2 400

FHOCHE I SRIALY, HIHhI) g% 40 ) .. COL3A1 4
oI AR JEST, J5 3 & IPF 4 M A B
(extracellular matrix, ECM) FE 45, & 5% Fids
HARAEYE. SEREE, S, TR, WMES
SIACEDIAE OB, Ak, COL3A1 K314 ] fE 4L
2% B0 Jh I A iR GERDBT) {737 E =42,
AR B i R B DT AR S R BT B ST S0
A8, FTEESE GERD fit IPF RAEMEEF
Iro CTSK EA G ARG TE, 72N R 2F 4E 40 i |
XAE EBETRIE, BA YRS IER

CTSK il b 1) /I BN 1 SR 25 X USRI /&7, R
HE R EM ECM JiRe0, LGALS7 A fgid it i
5 E-45 208 A 510 0 20 it S 9 T 4 P ) A
{E F kTl PFLOY,

T fe & 443 B R I ZE 114 v] Re ol i i 4%
AGE-RAGE . i ffd J& 3 0 ifi /N 7% A 55 38 42 T Tl
GERD 5 IPF 3137% . AGE-RAGE 5 £ Fil 41 4 AL 505
AR, N LHEAE] TGF-B /-S4 RsME 51
¥ (extracellular signal-regulated kinase, ERK) /42
HF 7L B B BE¥  ( mitogen activated protein
kinases, MAPK) A1 Smad i 1-7i b 57 7] i 3441631,
AGE-RAGE LRI FEAHRME T I & & FIg A% A
T--kB (nuclear factor-kB, NF-kB) FiX LA EE
UGk B4 240 B JE SR Y 40 T B AT 4 4 i
ik TGF-p/Smad ik HT PFOI, 7F GERD &4
2 R n] W8 B e 2RO 1 A B A B T R e
(p21. p27. Ki-67) o IPF iliZH Z37F 98 i 1) S5 45 K
ML/NARO, BRSO B R B AT 44k, T AR
{8 0t /N AR AT B R PP R 4 2 S P R 4T A gk —
Rk PR A, B8 b R A S R R IE I /MR
NEA G rT B RS g0 IE 7 S ERK A SRR
&3¢t GERD #t g7,

4 e

KRR “RKTH, KT BHIRIES T, X
MZ RN FB, 4GRS R R, A
N WA f& GERD 5 IPF S AZ AL, 2
R 5P G )% A0 M SR A W PR 8 L
(AR . 2211497 7T Beid i TR % ELFE f % ¢
JELE N IR 12IAIT GERD 5 IPF 3195, AR kL0
MU KT TR 3R 4 7 B . (BARTE T MAEE—E
JRBR T S5 3 EEE I i S A A GWAS 4
P E, H/BMRT 487 GERD. IPF JLpshyts il
WMIANTERE, WO 4 IR Bk Z SCRREE, TR
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WEFLRO LA b, 455 FEAL LI 0 i Fu 4 REAT IR IE
Sk, #—bFE “RBTH, KT PHEERE
PR R AR
RIBAR  FAMeHH B RAEF G R
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