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HNo HORRNEEEEEHMMELE . RIAM (rat sarcoma, Ras). BEARBHVIEE-3-F2348E (phosphatidylinositol-3-hydroxykinase,
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Abstract: Objective To explore the intestinal flora causally associated with idiopathic pulmonary fibrosis (IPF) and its potential
mechanism, and predict the traditional Chinese medicine (TCM) that have regulatory effects on it. By analyzing the biological basis of
the “gut-lung axis” to provide the TCM regimen for IPF. Methods MiBioGen and Finggen databases were used to obtain the genome-
wide association studies data of intestinal flora and IPF. Inverse variance weighting was used as the main method to reveal the
bidirectional causal effect of intestinal flora and IPF. Cochrane’s Q test, leave-one-out method, MR-Egger-intercept and mendelian
randomization pleiotropy RESidual sum and outlier (MR-PRESSO) were used for quality control of heterogeneity, sensitivity, level
pleiotropy and outliers. Protein-protein interaction (PPI) analysis was performed on the nearest genes of single nucleotide
polymorphisms (SNPs) to screen core genes. Functional enrichment analysis of core genes was performed to explore the potential
mechanism of intestinal flora mediating IPF. Chemical components and Chinese herbs with potential regulatory effects on core genes
were predicted using the CTD and Coremine databases. The four ¢i, five flavors, meridians and functions of the Chinese herbs were
predicted. Molecular complex detection (MCODE) was to perform cluster analysis and screen the core traditional Chinese medicines
TCMs. Molecular docking was to verify the binding energy between the core genes and the representative compounds in the key TCMs.
Results MR analysis revealed Bacilli, Negativicutes, Burkholderiales, Family XIII, Ruminococcus gnavus, Methanobrevibacter and
Alistipes finegoldii were positively correlated with IPF. Eisenbergiella was negatively correlated with IPF. Quality control suggested
no heterogeneity, horizontal pleiotropy, and outliers among SNPs, and the sensitivity was good. Reverse MR analysis suggested that
there was no bidirectional causal association between the above bacteria and IPF. A total of 156 SNPs-related genes were obtained, and
the top 50 genes were selected as core genes by PPIL. The core genes were mainly enriched in celluar senescence, rat sarcoma (Ras),
phosphatidylinositol-3-hydroxykinase (PI3K)/protein kinase B (Akt) and other pathways. A total of 236 chemical components
represented by quercetin, kaempferol, and lipopolysaccharide were obtained through the CTD database. A total of 566 herbs were
obtained through the Coremine database. The four gi were mainly cold, warm and smooth, the five flavours were mainly bitter, sweet
and spicy, the meridians were mainly liver and lung, followed by spleen, stomach and kidney, and their functions were mainly clearing
heat and tonifying deficiency, regulate gi, promot blood circulation, resolve phlegm and relieve cough and asthma. MCODE identified
Renshen (Ginseng Radix et Rhizoma), Shengjiang (Zingiberis Rhizoma Recens), Jianghuang (Curcumae Longae Rhizoma), Yujin
(Curcumae Radix) as the key TCMs, and molecular docking showed that the above compounds in the key TCMs had good combination
efficiency with the core genes. Conclusion Based on MR analysis, the eight kinds of intestinal flora had causal association with IPF,
and the mechanisms were related to celluar senescence, Ras and PI3K/Akt pathway. The predicted TCMs mainly embodied the
treatment of benefiting gi, regulating gi, resolving phlegm, promoting blood circulation and detoxifying. Our findings enrich the
biological basis of the “gut-lung axis”, deepen the understanding of the etiology of IPF, and provide a new direction for the prevention
and treatment of IPF by regulating intestinal flora with TCMs.
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Table 1 Information included in two-sample Mendelian randomization study
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Table 2 Information of included instrumental variables in MR analysis

ID ¥ 18 B SNPs  EA OA CHR EAF ; %Sf:ﬁ > ; I;’; 7
ebi-a-GCST90027653 Bacilli 1510761245 T C 9 0523 —0.098 0.022 843X10° —0.043 0.032 0.179
1206113 T C 6  0.33 -0.167 0.036 3.45X10° 0.016 0.054 0.768

51249137 T C 10 0353 0.100 0.022 859X10 0.012 0.033 0.719

154903903 C T 14 0319 0.105 0.023 68510 0.068 0.036 0.059

157245563 T C 19 0.160 0.134 0.028 249X106 0.037 0.052 0470

1574520302 G A 8  0.056 —0.221 0.050 9.99X10° —0.091 0.069 0.184

ebi-a-GCST90016922 Negativicutes 151135612 G A 70245 0053 0012 926X10°° 0.046 0.039 0.243
1513086907 G A 30200 0063 0.013 1.95X10° —0.010 0.038 0.785

51643968 T C 5 0280 —0.057 0011 4.15X107 —0.014 0.033 0.679

;51649999 A G 10 0.097 0.075 0.017 7.58X10° —0.021 0.054 0.695

152834062 A G 21 0365 0.049 0011 844X10 0.003 0.035 0.930

rs4463806 C T 10 0.796 0.054 0.013 7.81X10 —0.035 0.040 0.380

4722181 T G 7 0476 0050 0011 2.00X10° 0.012 0.032 0.700

1560274479 T C 16 0223 —0.066 0.013 1.16X10° -0.025 0.040 0.528

1561249479 A C 9 0.087 0078 0017 2.95X107° 0.040 0.044 0356

1571405394 G A 15 0052 —0.114 0.024 2.17X10° —0.092 0.063 0.147
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F2 (&)
N o T8 B B IPF

D o T8 R SNPs EA OA CHR EAF 5 SE > 5 SE >
ebi-a-GCST90016922  Negativicutes 1573232831 G A 4 0064 —0.152 0.031 1.87X10° —0.081 0.087 0.353
19423647 G A 10 0515 0.048 0011 6.06X10° 0.064 0.032 0.045

¢bi-a-GCST90027743  Burkholderiales 311626416 A G 14 0109 —0.118 0.024 134X107° —0.033 0.057 0.568
1312646537 G A 4 0069 0.145 0.033 8.07X10° 0.167 0075 0.027

1312734494 A G 1 0492 0079 0016 147X10° 0.023 0.032 0477

154895929 T C 6 0366 —0.075 0.017 840X10 —0.028 0.033 0.403

1362351959 T C 4 0170 0.097 0022 721X10° 0054 0.047 0248

15713716 A G 22 0245 -0.084 0.019 6.25X10° —0.013 0.041 0.753

1579598028 T C 16  0.169 0.125 0.026 177X10° 0.056 0.039 0.154

19428844  C T 1 0706 —0.089 0.020 9.25X10° —0.076 0.035 0.028

ebi-a-GCST90016939  Family XIII 1310404377 A C 19 0578 0.050 0.011 6.99X10° —0.008 0.033 0.817
rs118170811 A G 10 0.040 0.152 0.032 1.80X10° 0.149 0.092 0.107

15482905 G T 10250 0060 0013 3.72X10° 0.009 0.037 0812

136501525 A G 17 0386 0.056 0.012 124X10° 0.080 0.034 0.018

1866753613 G A 10205 0.065 0.014 8.08X10° —0.015 0.041 0.707

136797051  C T 3017 —0.081 0.017 4.89X10% —0.024 0.054 0.663

157514702 T C 1 0177 —0.066 0.014 3.92X10° —0.064 0.045 0.151

ebi-a-GCST90017065  Ruminococcus gnavus 1s11597105 A G 10 0.112  0.115 0.025 6.95X10° 0.035 0.040 0.383
1511864644 T C 16 0.071 —0.140 0.032 5.01X10° —0.107 0.050 0.032

1312136548  C T 10291 0.090 0.020 3.10X10° 0.007 0.035 0.843

1312989336 G A 20305 —0.085 0.019 7.12X10° —0.013 0.036 0.705

313163520 G A 5 0181 —0.127 0.023 5.61X108 —0.048 0.041 0.244

152909242 A C 8 0.614 0091 0018 741X107 0.022 0034 0515

153124783 G A 9 0880 0.116 0.025 2.67X10 0.009 0.047 0.849

154388134 T C 4 0755 0090 0.020 9.12X10°° 0.050 0.036 0.164

1362167033 T C 20071 0.185 0.040 3.50X10° —0.011 0.081 0.892

1578399080 T C 30083 0.144 0.033 6.63X10° 0.09 0.050 0.056

13934940 A C 20185 —0.105 0.023 2.74X10°° 0.028 0.047 0.547

ebi-a-GCST90016991  Eisenbergiella ;511027642  C T 11 0124 0.129 0.028 4.92X10° —0.001 0.046 0.987
;511079158 T C 17 0220 0.101 0.023 7.35X10° —0.058 0.039 0.135

511938607 C T 4 0737 —0.098 0022 822X10° —0.008 0.036 0.836

312257723 A C 10 0339 —0.095 0.021 885X10° 0.031 0.034 0365

312710729 C A 20371 0.089 0.020 9.84X10°¢ —0.001 0.034 0.977

1313258851 A G 8 0.085 0.137 0.030 7.75X1076 0.034 0.045 0.446

;31508033 A C 15 0350 0.092 0.020 3.23X10° 0.000 0.035 0.990

;51553971 T G 30161 0.21 0.026 527X106 —0.017 0.038 0.657

52683098 T C 15 0776 —0.107 0.023 2.24X10° 0.099 0.038 0.009

1s3812426 A G 8 0792 —0.106 0.022 2.72X10 0.030 0.044 0.500

34462860 G A 21 0344 0.094 0.020 4.16X10° —0.058 0.033 0.075

ebi-a-GCST90017033  Methanobrevibacter ~ 1s1334944 T C 10 0285 0.115 0.026 7.61X10° 0.020 0.036 0.565
154802933 G A 19 0.822  0.136 0.031 9.74X10° 0.039 0.038 0.299

1576029318 T C 13 0.065 0223 0.045 1.08X10° 0.124 0.066 0.062

ebi-a-GCST90027775  Alistipes finegoldii ~ 1s10829629 T C 10 0402 0.081 0.017 1.96X106 0.011 0.032 0.723
111585182 T G 22 0.072 —0.160 0.036 7.37X10° —0.007 0.065 0.921

1312028677 T C 1 0126 —0.109 0.024 3.94X10° —0.014 0.044 0.744

;512192901 A G 6 0156 0.112 0.024 233X10 0.041 0.044 0359

13381124 G A 18 0103  0.143 0.032 9.33X10° 0070 0.052 0.178

357119184 T C 30257 0.088 0.020 884X10° 0.015 0.037 0.696

1360475061 A G 6 0125 —0.117 0.026 6.98X10 —0.102 0.054 0.062

1367032605 G A 9 0168 0.119 0.026 536X106 0011 0.039 0.779

187962165 G T 12 0786 —0.096 0.021 3.43X10° —0.082 0.037 0.025

EA-N SRR OA-HAMSEAT IR, CHR-GEO AL 5

EA-effect allele; OA-other allele; CHR-chromosome numbering.
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MR TR WE 2, IVW T4 R R,
Bacilli (OR=1.34, 95%CI: 1.03~1.76, P=0.030).
Negativicutes (OR=1.43, 95%CI: 1.00~2.05, P=
0.049). Burkholderiales (OR=1.65, 95% CI: 1.23~
2.22, P=0.001). Family XIII (OR=1.66, 95% CI:
1.03~2.68, P=0.039). Ruminococcus gnavus (OR=
136, 95% CI: 1.08~ 170, P = 0.008),
Methanobrevibacter (OR=1.41, 95% CI: 1.01~1.96,
P=0.044) # Alistipes finegoldii (OR=1.40, 95%
CI: 1.08~1.80, P=0.010) 5 IPF A& S IEHK;
Eisenbergiella (OR=0.80, 95% CI: 0.64~0.99,
P=0.037) 5 IPF JJi MK Bbhh, Ha 4 F
J7i%H, Bacilli. Burkholderiales ff] WM 1545 5
W3, HRBIAEZE . Bk Methanobrevibacter 1] MR-
Egger SR LIS, HARWBEN 5 Mo7iEss ey
BT —2 B IVW 8RB RIF Rt
212 JrEfES] MR M EER R NE 3 M
3. Cochrane’s Q £ 38 27, O {1 0.834~10.044,
P>005, FW SNPs [0l A 17 7 5 b P Bk
Methanobrevibacter /] SNP NUNT 4 b, H AR
MR-PRESSO #:4: P>0.05, B AR 2 255 SNP;
MR-Egger-intercept #lli{45 27k P>0.05, W MR
IITEE RAFAE K2 20 LOO fulest R iR,
DRI RS REANAAAE SZ B A SNP S0 ) AT RE
2.2 1PF 55ERERIERKIK
221 1Vs i e MR 3R IPF AE BRI R,
I 2R TRRRE, TR FE, RR 47
/> SNPs. JIifi SNPs [ F {H7E 19.550~714.918, 3
BIANFAESS IVs ffare 20l A “2.17 Tirh izl s e
NEERRE, ARG REdE, ERALS R

T 3 M SNPs. JzJal MR 73 4s i 4 s, IPF
5 8 Pz B AR AR R K R (P>0.05).

Subgroups OR (95% CI)
c_Bacilli
Inverse variance weighted 1.34 (1.03 t0 1.76)
MR Egger 1.08 (0.40 to 2.87)
Weighted median 1.40 (1.01 to 1.94)
Simple mode 1.46 (0.84 to 2.54)
Weighted mode 1.48 (0.88 to 2.47)

¢_Negativicutes

Inverse variance weighted 1.43 (1.00 to 2.05)

MR Egger 1.79(0.52 to 6.16)
Weighted median 1.42 (0.89 t0 2.27)
Simple mode 1.44 (0.67 to 3.09)
Weighted mode 1.48 (0.68 to 3.23)

o0_Burkholderiales

Inverse variance weighted 1.65 (1.23 t0 2.22)

MR Egger 2.77 (0.66 to 11.60)
Weighted median 1.51 (1.02t0 2.22)
Simple mode 1.39 (0.79 to 2.46)
Weighted mode 1.44 (0.88 to 2.35)

1_Family XIIl
Inverse variance weighted 1.66 (1.03 to 2.68)
MR Egger
Weighted median 1.31 (0.69 to 2.49)
Simple mode 1.06 (0.39 to 2.91)
Weighted mode 1.04 (0.37 t0 2.90)

g_Ruminococcus gnavus

Inverse variance weighted 1.36 (1.08 to 1.70)

MR Egger 1.93 (0.66 to 5.66)
Weighted median 1.32(0.98 to 1.76)
Simple mode 1.19(0.72 to 1.96)

Weighted mode
g_Eisenbergiella
Inverse variance weighted

1.25(0.76 1o 2.06)

0.80 (0.64 to 0.99)

MR Egger 1.76 (0.36 to 8.51)
Weighted median 0.90 (0.67 to 1.22)
Simple mode 0.98 (0.61 10 1.57)

Weighted mode
g_Methanobrevibacter
Inverse variance weighted

0.97 (0.59 to 1.60)

——
——
e
E—
T
R
—_ .
——
R
— > 3.11(0.47 10 20.63)
I
—_—
N
L ——
——
I
-
| —
—
—
—_— 1.41(1.01 to 1.96)
s S

MR Egger 2.61 (0.66 to 10.25)
Weighted median —— 1.33 (0.88 10 2.01)
Simple mode ——— 1.27 (0.78 to 2.07)
Weighted mode —— 1.28 (0.80 to 2.04)
s_Alistipes_finegoldii
Inverse variance weighted —— 1.40 (1.08 to 1.80)
MR Egger — =+ 132(0.36 t0 4.81)
Weighted median —E-— 1.17 (0.83 to 1.64)
Simple mode —l— 1.13 (0.65 to 1.96)
Weighted mode —— 1.13 (0.68 to 1.85)

GutMicrobiota-1PF.

2 FREHE R IPF B9 MR 4R
Fig. 2 MR analysis results of intestinal flora to IPF

&3 MR SHREEHEEER
Table 3 Results of quality control of MR analysis

po— SNP A K S AR I B RHE RIS K2 2k
Cochrane’s Q P MR-PRESSO MR-Egger intercept
c_Bacilli 6 3.140 0.678 0.392 0.668
¢ Negativicutes 12 7.051 0.795 0.394 0.722
o_Burkholderiales 8 3.538 0.831 0.374 0.499
f Family XIII 7 6.267 0.394 0.422 0.529
g Ruminococcus gnavus 11 6.319 0.788 0.418 0.528
g_Eisenbergiella 11 10.044 0.437 0.436 0.346
g_Methanobrevibacter 3 0.834 0.659 0.529
s_Alistipes finegoldii 9 5.080 0.749 0.442 0.931
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A B C D
1206113 . 154463806 15713716
" 1513086907 . 1566753613
151249137 151649999 1312734494 1510404377
152834062 1511626416 -
157245563 rs1643968 1895929 rs482905
4520302 154722181 s 156797051
18783 N - 1579598028
it :
5 T
rs1076124 173232831 rs118170811
154903903 1135612 . 1512646537
rs71405394 —— = 19428844 156501525
159423647
All | | All - | Al i ) B S B All —T 71 -1 T
0 025  0.50 0 02 04 06 038 0 025 050 0.75 0 0.4 0.8 1.2
E F G H
15934940 ¢ 12683098 1567032605
1562167033 154462860 151334944 r rs111585182
1512136548 1511079158
13124783 1512257723 1502933 rs10829629
1512989336 - 153812426 s 1512028677
12909242 ; 151553971 1557119184
rs11597105 1512710729 . 1s76029318 1512192901
1513163520 151508033 . 1513381124 .
154388134 1 ———— —_ 11027642 60475061
1578399089 - 1511938607
: 79621 5
rs11864644 rs13258851 157962165
: All
Al All B S All R
0 0.2 0.4 -0.5-04-03-02-0.1 0 -02 0 02 04 0.6 08 0 02 04 06

MR leave-one-out sensitivity analysis for ‘exposure’ on ‘outcome’

A-THIAF AN IPF; B-JEBERANT IPF; CAH W E /R KE BXF IPF; D-Family XII Xt IPF; E-& K08 EEREEXT IPF; F- AR KEH BT
IPF: G-H bt AT A J@%f IPF: H-2% [C A B % IPF.
A-c_Bacilli to IPF; B-c_Negativicutes to IPF; C-o_Burkholderiales to IPF; D-f Family XIII to IPF; E-g_Ruminococcus gnavus to IPF; F-g_Eisenbergiella

to IPF; G-g_Methanobrevibacter to IPF; H-s_Alistipes finegoldii to IPF.

Subgroups
c_Bacilli

Inverse variance weighted

MR Egger

Weighted median

Simple mode

Weighted mode
c_Negativicutes

Inverse variance weighted

MR Egger

Weighted median

Simple mode

Weighted mode
o_Burkholderiales

Inverse variance weighted

MR Egger

Weighted median

Simple mode

Weighted mode
f_Family Xl

Inverse variance weighted

MR Egger

Weighted median

Simple mode

Weighted mode
g_Ruminococcus gnavus

Inverse variance weighted

MR Egger

Weighted median

Simple mode

Weighted mode
g_Eisenbergiella

Inverse variance weighted

MR Egger

Weighted median

Simple mode

Weighted mode
g_Methanobrevibacter

Inverse variance weighted

MR Egger

Weighted median

Simple mode

Weighted mode
s_Alistipes_finegoldii

Inverse variance weighted

MR Egger

Weighted median

Simple mode

Weighted mode

1PF-Guthicrobiota

o~

&4

,<.+.,‘H,.¢..<..\\..+.+..‘\..t.....,..+.¢.+..04.......'L..g.+....._;.».A.”.A,-A.<,‘,“*,,A...‘,A,,,‘.A.t,;,n.‘.”,,"‘,,}.,.*‘,u,

E 3 MR 5347 LOO #3645 R
Fig. 3 Results of LOO test in MR analysis

OR (95% CI)

1.02 (0.97 t0 1.07)
1.04 (0.96 10 1.13)
1.02 (0.96 t0 1.09)
1.01(0.91101.12)
1.02 (0.95 to 1.09)

1.00 (0.97 to 1.02)
0.97 (0.93 to 1.01)
0.98 (0.95 to 1.01)
1.01 (0.95 to 1.08)
0.98 (0.95 to 1.01)

1.02 (0.98 to 1.05)
0.99 (0.94 to 1.06)
1.01(0.97 to 1.06)
1.05 (0.96 to 1.14)
1.02 (0.97 to 1.07)

0.97 (0.95 to 0.99)
1.00 (0.96 to 1.04)
0.98 (0.95 to 1.02)
0.96 (0.91 to 1.02)
0.99 (0.96 to 1.02)

0.98 (0.94 to 1.02)
1.00 (0.93 t0 1.08)
0.99 (0.94 to 1.05)
0.93 (0.83 to 1.03)
1.00 (0.94 to 1.06)

0.97 (0.92t0 1.02)
1.00 (0.91 to 1.10)
1.00 (0.94 to 1.06)
1.03 (0.92 0 1.16)
1.01 (0.95 to 1.07)

0.96 (0.91 to 1.02)
1.01(0.91t0 1.11)
0.98 (0.91 to 1.06)
0.97 (0.85 o 1.10)
0.98 (0.91 to 1.06)

0.99 (0.93 to 1.06)
1.00 (0.96 to 1.05)
1.17 (0.83 to 1.64)
0.96 (0.87 to 1.05)
1.00 (0.95 to 1.05)

IPF 3 fAiE R &) MR T4 R

Fig. 4 MR analysis results of IPF to intestinal flora

2.2.2 JREREH A MR ST R G R R
4 f1E 5. Cochrane’s Q f36 E~, QO {HTE 6.442~
22.582, P>0.05, RYIANFELERFE; MR-PRESSO
5 EIR P>0.05, Akl ] H SNPs. MR-Egger-
intercept £ 5% P>0.05, B MR 73 Hr 45 RATELEIK
FZ A LOO Rrings R or, PIRAUSIATEESZ
FIHEAS SNP 520 1 AT BE -
2.3 BEEENS IPF X4 %0 ERATFiE

FRAE SNP %5 o H BT Ak R e A4 7 41 5 467 1
i€ ¥ 156 4~ SNPs Ifir R . ikl 6 fis, ¥k
RFER N STRING #5048 e, B iie 2515 md J5 315
H1 96 N5 i, 176 25 IAK BT PP M 2% , iR 41 Degree
HIEHAT 50 MERIERIZEFRB T IPF KAER
K .
24 tLEETGEESN

WK 7 Fis, A 50 AMZLEERAT TR E
£, KEGG g iR, HZOERFEES
. RIAUH (ratsarcoma, Ras) FIBE[REE
AIUEE-3-F2340  (phosphatidylinositol-3-hydroxykinase,
PBK) /& H M B (protein kinase B, Akt) {55
. GO FAELRER, LFER T2 LA
M4 AR IR R T FRE R Gk & A0 A
BRSNS, LR NIE. WA G Ak
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Table 4 Results of quality control of reversed MR analysis
N AL ERHEAR Y VG EE 2 ¢id
o & T A nSNP .
Cochrane’s Q P MR-PRESSO MR-Egger-intercept
c_Bacilli 6 10.085 0.900 0.924 0.599
c_Negativicutes 12 9.619 0.919 0.840 0.102
o_Burkholderiales 8 14.682 0.618 0.840 0.340
f Family XIII 7 10.187 0.857 0.726 0.140
g Ruminococcus gnavus 11 10.760 0.769 0.778 0.379
g_FEisenbergiella 11 22.582 0.093 0.126 0.444
g Methanobrevibacter 3 6.442 0.954 0.318
s_Alistipes finegoldii 9 19.166 0.319 0.436 0.885
A B C D

152322485 135705950 1811246335 s71637266

1s3846287 rs111835986 1835705950 1111835986

112805673 152763132 15111835986 151899496
rs111835986 151899496 152768324 153846287

152763132 152076295 1s3846287 1s2763132

1s3170527 112805673 159496457 157726159
1535705950 159496457 157726159 152768324

152768324 1s3170527 54778025 510021001

rs4778025 152768324 1s3170527 S

151899496 152322485 511264341 152322485
1s10021001 157726159 £$10021001 153170527

1511264341 1573125725 1512805673 1512805673
1571637266 1510021001 152763132 152076295

152076295 1571637266 1571637266 rs11264341

1811246335 111264341 152322485 159496457
1512638862 rs4778025 152076295 154778025

1$7726159 153846287 rs12638862 1512638862

159496457 rs12638862 151899496 1s35705950

All . All All T All B s S — —
0 0.05 -0.02 0 0.02 0.04 -0.025 0 0.025 0.050 —0.08 —-0.04 0

MR leave-one-out sensitivity analysis for
‘exposure’ on ‘c_Bacilli’

MR leave-one-out sensitivity analysis for
‘exposure’ on ‘c_Negativicutes’

MR leave-one-out sensitivity analysis for
‘exposure’ on ‘o_Burkholderiales’

MR leave-one-out sensitivity analysis for
‘exposure” on ‘f_Family XIII”

E F G H
152076295 154778025 1571637266 157726159
1512638862 152768324 153846287 ‘25‘;2%?25
14778025 151899496 rs11264341 152076295
1511264341 1512805673 151899496 1571637266
151899496 159496457 12763132 rs3170527
152322485 rs11264341 152322485 152322485
£510021001 1571637266 brw rs9496457
1571637266 15111835986 1510021001 1512805673
2768324 2076295 182708324 1511246335
2768324 1S 154778025 1511264341
9763132 e 1512805673 15111835986
129496437 T 3346287 157726159 rs4778025
1s3846287 510021001 1512638862 2768324
1111835986 152763132 189496457 "53846287
157726159 1512638862 152076295 1535705050
1535705950 1535705950 1835705950 151899496
All All All Al

—-0.09 -0.06 -0.03 0 0.03 -0.1 -0.05 0 -0.1 -0.05 0 -0.05-0.025 0 0.025

MR leave-one-out sensitivity analysis for
‘exposure’ on ‘g_Ruminococcous gnavus’

MR leave-one-out sensitivity analysis for

‘exposure’ on ‘g_Eisenbergiella’ ‘exposure’ on ‘g_Methanobrevibacter’

MR leave-one-out sensitivity analysis for

MR leave-one-out sensitivity analysis for
‘exposure’ on ‘s_Alistipes_finegoldii’

A-IPF X} F AP 49; B-IPF X JERERAN; C-IPF WHH 70 2 /R4 K14 ; D-IPF X Family XIII; E-IPF 353878 B BRi#; F-IPF X S ARAAAR IR R
G-IPF X FUGe AT 8 H-IPF X 25 IR S5 .
A-IPF to ¢ Bacilli; B-IPF to ¢ Negativicutes; C-IPF to o Burkholderiales; D-IPF to f Family XIII; E-IPF to g Ruminococcus gnavus; F-IPF to

g_FEisenbergiella; G-IPF to g_Methanobrevibacter; H-IPF to s_Alistipes finegoldii.

LRA R A B Sy B-EMEH

5 R&I[E MR 547 LOO #I845R
Fig. 5 Results of LOO test in reversed MR analysis
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Fig. 6 Core genes of intestinal flora mediating IPF
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Fig.7 Enrichment analysis of GO functional (A) and KEGG pathway (B) of core genes
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Pink circles represent chemical components, purple circles represent traditional Chinese medicines, and yellow diamonds represent genes.
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Fig. 8 Network diagram of “core genes-chemical components-traditional Chinese medicines”
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Fig. 9 Radar maps for characteristics of predicting traditional Chinese medicine and screening of core traditional Chinese

medicines
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x5 XEPHHISH

Table 5 Topological parameters of key traditional Chinese

kcal/mol, “F-¥4E &6 N—-7.919 kcal/mol, T RFTT
TR 25 5Z.03E 0 (FRARD B/ 18T,

medicines phaga e
Hhzh Degree Pl GallvY o Eer3linaRluY i 3 it
ANZ 32 385.767 97 0.13777778 Ve “ -t ” WFFCHI IR R 5, s e &
£ 0w 307.58926  0.13704686 SR I B 5 0 G . SRR % R )
fid 38 S320600 0TTTII R ORI R . IR R BURH “tek
Sy 30 306.497 56 0.137 046 86 YIENE” , JRA 625 IPF KGO, 7 @R i
*6 XBEHHMS
Table 6 Key ingredients in traditional Chinese medicines
iz 3% Mol ID Mw AlogP Hdon Hacc OB/% Caco-2 DL FASA~
A% FAREMH (celabenzine) MOLO005314 379.55 229 2 5 10190 0.77 049 035
RA[ AP FALT-B8 Caposiopolamine ) MOL005308 271.34 139 1 4 66.65 0.66 022 035
A ZE B HEE (B-sitosterol) MOL000358 414.79 8.08 1 1 3691 132 075 023
FLHHIEE (poriferast-5-en-3B-ol) MOLO001771 414.79 8.08 1 1 3691 145 075  0.00
£ MR (stigmasterol) MOL000449 412.77 7.64 1 1 4383 144 076 022
F 88 (campesterol) MOL000493 400.76 7.63 1 1 3758 131 071  0.00
fif4s 1,7- A FE-3-F23L-1-Pf-5-F0 [(E)-1,7- MOL004260 280.39 3.57 1 2 64.66 093 0.18 041
diphenyl-3-hydroxy-1-hepten-5-one]
FAMBE (oxycurcumenol) MOL004291 250.37 1.8 1 3 67.06 0.83 0.18 0.8

AlogP-#r#Ml S %; Hdon-ZUE 4 Hace-Z 214

AlogP-aliphatic and aromatic log P; Hdon-hydrogen bond donor; Hacc-hydrogen bond acceptor.
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~780 =730 810 gm
8300 640 =680 760 5 gt 3 pedk1-BAR-5-HR
=720 580 <630 690 i
IL6 MGMT CDH2  SOX9

B 10 XBHAEMRS SZOER (BER) WA FIHEER

Fig. 10 Molecular docking results between key traditional Chinese medicines and core genes (proteins)
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Methanobrevibacter F Alistipes finegoldii 5 IPF K&

Family Ruminococcus

HE XSS INAASR,  Eisenbergiella 5 TPF A2 AU F%
fRAHSG, T IPF HAKS Hl = A e e .
Family XIII £ 2 Fh £ 4EAb 55 3= B2 19 i),
A JE S S PR R 0 5 A g 4 O 47490,
PRI A AEACAERT . 41, Family XIII TH&J\_L
FEAE L R TRUE B I R A 5 b R 4 LR P e 4
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PROYRI T | 24 - 20 B A/ I ot B A 2 A S iR 1R 2
5 il 5 4E AL 05T, Ruminococcus gnavus # NN =&
“P-Mti” AR PR R, e Sk
J454% B M &5 22 B i S e vh = BE S, HLOHE
JEE R 22 5 A B A e 3 KT T v 25 (B A R 2
HF FEAE A AEA S8 R R I 2 S i 060, FLAF
FARWILATE L Toll FE3Z4K 4 15 S TR ™ A4
IR SR FER -0 (tumor necrosis factor-o,, TNF-a),
IS S5 HUARAE B, ISR IPF AR XU S7-581,

Eisenbergiella ZHi%| I3 E» (prostaglandin E,,

PGEy) WY Z AT, BA RAEFNHIE B,
Al R T B A, TS LY e . T
RREIONE S E AN Y 0E b DB, S
PLRAER . Negativicutes 7E i85 AE P =F R
EWN, FFATREIEI A T ANE RN 5] S R IE )
ReFRAS HE e 2 41 4E 40192, Methanobrevibacter
F RIS 55 R R o, FRR RGN BR R, gk e it
TR ARE3-04 JELEETR ] (fLFE Bacilli Ruminococcus
gnavus~ Eisenbergiella 1 Negativicutes) 1748 B
Il (fL%F Burkholderiales) J2& i & 12 VL5595 M bn &
OS], ST ] (B Alistipes finegoldii
Family XIID [ 32 A7 1E T 8] 5t P4 it o 28 5 1) S <8
I ool thah, JERETR ] M2 IPF e
Pfals R 2, e 3 e i) R EERE, nliE
i A4/ E-1B (interleukin-1B, IL-1p) /™5 %4,
T 2 P A )

YT TE R T A T IPF R AT 2 — AN B
RBIMERT, B FCET W% O JE R T R D e & 52 40
B, RIANMIZEE . Ras Al PI3K/Akt 5558 H 7] R /&
i WS 5 IPF KA B E 2@ . BEAERE FU R,
JiiE R 2L S ERIE B R UIAROS, T R A
IPF & 4 " X % X H % . Ruminococcus!®® |
Alistipes!®F Eisenbergiella" & l7iE W FE . 2K
S AT BEAE R B K AR L, AT RS R S A B
e AR, RIESAMRI, R B R
FEJECEH L it SO A4 200 0 S 1 3 52 S A i
WP RAINE AN, SRS, SR
A, FECIPF KAV, Ras {5 515 FHUE R0
KA F-B (transforming growth factor-B, TGF-B)
UK Zh i b R [A] i %% 4k Cepithelial mesenchymal
transition, EMT). 4Hffi/EEJ5T (extracellular matrix,
ECM) JURREREDY, A FtieF4Efk, T Ras JEE& 1)
F WS 5 B Ruminococcus - FEA KU1,

PI3K/Akt 213 IPF KK FEH) RS S ilE%, o]
HiEEEES S EEAMi . EMT. difEEsS
FIT. RPERIE . WU 44 f 71k J2 ECM H ¥
G2 MR, 54T a-FEVINEE A (o-
smooth muscle actin, a-SMA) 1 TGF-B % # 7 1]
M EAERUS, Ruminococcus F1 Alistipes #iEH 5
PI3K/Akt BT 3 DIAH R0, H PI3K/Akt {5
GAL T RENS T TR AT, S b R 4
PR, SR EPNA, M . Ras. PI3K/Akt
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B — P IRER.
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