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Abstract: Objective Under the guidance of the theory of “interior-exterior relationship between lung and large intestine”, Mendelian
randomization (MR) was used to identify the intestinal flora that has genetic causal effect on the occurrence of lung cancer, and to
predict the potential traditional Chinese medicines (TCMs) that can intervene in lung cancer by regulating the intestinal flora. Methods
The present study utilized genome-wide association studies (GWAS) data from the IEU OpenGWAS database to conduct a MR analysis
to investigate the causal relationship between intestinal flora and lung cancer. The MR analysis was performed using the
TwoSampleMR package of R studio, employing inverse variance weighting as the primary method. Additionally, functional enrichment
analysis of the instrumental variables’ adjacent genes was carried out to elucidate the potential pathways. CTD and Coremine database
were employed to predict TCMs, and the four gi, five flavors, meridian affinity, and effect of the TCMs were analyzed. Results MR
analysis identified 10 intestinal flora with causal effects on lung cancer. Proteobacteria, Firmicutes, Lachnospiraceae, Marvinbryantia,
Ruminococcaceae UCG004 and Bacteroides coprocola were related to the reduction of the risk of lung cancer. Oxalobacteraceae,
Prevotella 7, Odoribacter and Escherichia coli were associated with an increased risk of lung cancer. The genes were predominantly
enriched in Janus kinase (JAK)/signal transducer and activator of transcription (STAT), mitogen-activated protein kinase (MAPK),
peroxisome proliferator activated receptor (PPAR) and phosphatidylinositol-3-hydroxykinase (PI3K)/protein kinase B (Akt) signaling
pathways. The four gi of predicted TCM were mainly warm, followed by cold and flat. The five flavors were mainly bitter, followed
by sweet and sweet. Liver is the main meridian affinity, followed by lung, spleen, stomach and kidney. The efficacy are mainly to clear
heat, tonic, circulate blood and regulate gi, dispel wind-damp, resolve phlegm, relieve cough and asthma, and clear damp and promote
diuresis. Among them, the representative TCMs with the highest mapping frequency include Renshen (Ginseng Radix et Rhizoma),
Machixian (Portulacae Herba), Shengjiang (Zingiberis Rhizoma Recens), Jianghuang (Curcumae Longae Rhizoma), Yujin (Curcumae
Radix), Baiguo (Ginkgo Semen), Wuweizi (Schisandrae Chinensis Fructus) and Danshen (Salviae Miltiorrhizae Radix et Rhizoma).
Conclusion Based on the theory of “interior-exterior relationship between lung and large intestine”, a total of 10 intestinal flora may
mediate the development of lung cancer through JAK/STAT, MAPK, PPAR and PI3K/Akt signaling pathways using MR analysis.
Predicted TCMs mainly include interior heat-clearing medicines, tonic medicines, blood-circulating medicines, and gi-regulating
medicines. In general, this study enriched the biological connotation of “interior-exterior relationship between lung and large intestine”,
and will provide an important reference for exploring TCM prevention and treatment strategies of lung cancer from the perspective of
“intestinal flora”.

Key words: lung cancer; intestinal flora; interior-exterior relationship between lung and large intestine; Mendelian randomization;
genetic causal effect; Ginseng Radix et Rhizoma; Portulacae Herba; Zingiberis Rhizoma Recens; Curcumae Longae Rhizoma;
Curcumae Radix; Ginkgo Semen; Schisandrae Chinensis Fructus; Salviae Miltiorrhizae Radix et Rhizoma
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Fig.1 Flow chart of study
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Table 1 Information of instrumental variable

Thig gkt SNP_EA OA beta SE P F Hhit SN EAOA beta SE P F
p_Proteobacteria 510750258 C A 005 001 87X10° 2060 g Prevotella? 118038478 A G 021 005 79X10° 1924
1126162 T C -008 002 93X10% 1697 12124567 A G -0.12 003 95X10° 1945
11715072 G A -005 001 69X10° 2030 s12195431 T C 020 004 87X10° 1974
rs12150865 C T 005 001  L5X10° 2312 516937247 G C 005 004 9.6X10° 1727
12467198 C T 005 001  63X10° 2001 224052 C T 012 003 48X10° 2131
2347697 G T 005 001 43X10° 2125 s2918132 T C 011 003 64X10° 2023
2532663 A G 013 003 75X107 2368 15430270 A C 014 003 29X10° 2194
312757 G C 005 001  48X10° 2101 57404562 C A 006 003 62X107 2420
3890996 G T 005 001  70X10° 2018 1579263163 A C  -0.14 003 75X10° 2089
s4340090  C T -007 002  LOX10° 1898 942643 T C 012 003 97X10° 1971
6707783 C T 008 002  8IXI00 2047 9608249 A G -0.06 003 2.1X10° 2213
74757828 A T 010 002 93X10° 1923 $9959718 G A 013 003 19X10° 2333
15922773 C T -008 002 37X107 2593 g Ruminococcaceae UCGO04 1510976229 T G 010 0.02 7.0X10° 20.01
p_Firmicutes 10833110 A C -008 002  84X10°0 19.84 511961899 G A 007 002 92X10° 1924
s11940931 A G 009 002 95X107 2403 s1212573 G T 013 003 21X107  27.09
7841623 A G 013 003 49X10° 2086 2248146 T C 007 002 82X10° 2013
f Oxalobacteraceae 15111966731 T C 020  0.04  46X10° 2095 n3800154 A C 008 002 6I1X10° 2018
11246212 C T 004 003 45X10° 2175 15511258 G A 008 002 45X10° 2174
512002250 A C 020 004  55X10° 1941 18550351 A C 008 002 94X10° 19.06
512509763 C G 016 004  81IX10° 2049 ;56769553 A G 008 0.2 79>< 0% 29.13
1569853 T C 014 003 75X107 2471 7123615 C G -0.08 0.2 X100 19.16
17138946 G T 019 004  8IX10° 19.39 87569771 A G -0.08 0.2 8 X100 1987
36057338 G T 018 004  63X10° 2074 13872501 G A 012 003 58X10° 2003
42825 G OA 013 002 49X10% 2981 9818949 T G -0.09 002 54X10° 2077
5561239 A G 011 002 72X10° 1986 g Odoribacter 1035637 G A 008 002 64X10° 2036
6000536 C T 012 002  74X107  24.06 517507951 A T 015 003 7.IX10° 2017
62435498 C A 018 004 75X10° 2053 2374247 T C 017 004 35X10° 2154
736744 T C -011 002  L5X107 27712 ;2605503 T C  -0.08 002 47X10° 2097
7993559 A C 009 002 50X10° 2097 283761499 T C 016 003 35X107 2595
rs80330081 A C 019 004  6.6X10°  19.60 3103001 A G 014 003 87X10° 1977
934049 G A 011 002 42X10°  2LIS 58045871 A G -0.09 002 47X107 2539
g Lachnospiraceae 151207252 T C 0.3 003  7.1X10° 1923 6461300 T G 0.2 003 3.6X10° 2146
12673420 G A 006 001 30X10° 2193 71492034 G A 001 002 S58XI10° 2056
12747809 A G 006 001 87XI07 2449 7298214 G A 008 002 33X10° 2163
12894272 G A 006 001  43X10° 2144 15935417 T A 009 002 97X10° 19.56
233486 G A 008 002  63X10° 2023 s Escherichia coli 510024750 C T 010 002 31X10° 2176
2444793 T C 005 001  48X10°  21.06 510752292 G A 002 002 19X10° 2274
2706242 G C -0.09 002  98X10° 2037 sl49171 C T -015 003 86X107 2423
2726805 A G005 001 63X10° 2059 512623651 A C 011 002 74X10° 2009
2882478 G A 006 001  12X10° 2378 517729286 A C 020 005 9.0X10° 1971
35182105 A G 001 002 49X10° 2052 260091 G T 002 002 77X107 2443
6656451 T C 005 001  56X10° 2070 62578888 A G 0.2 002 37X107 2583
15762994 A G 011 002 58X10° 2072 $6857075  C T 010 002 37X10° 2142
g Marvinbryantia 1511620597 T C 012 003  78X10° 1934 15731362 G C 012 003 23X10° 2231
s1187983  C T -0.09 002  20X10° 2345 75297146 C T 024 005 3.IX10° 2175
s146541147 G A 012 003 69X10°  19.60 578009208 T C 021 004 60XI107 2491
2724813 G A 008 002  63X107 2518 9466145 A C 001 002 38X10° 2138
2842806 C T 006 001  73X107 2452 s Bacteroides coprocola 15116667913 T C =039 0.08 32X10° 21.69
2863363 G A 006 001  3IXI0° 2169 512078845 C A 020 005 6.1X10° 2047
3125832 A C 007 002 S0X10° 2048 17141635 A G -041 008 15X 10 62318
61884471 G A 012 002 LOX10°*  25.08 15274124 G A 027 006 73x10° 2013
572948274 A C 013 003 33X10° 2155
8006832 G T 000 002  6.6X10° 1932

SNP-HUL TR 2 &1 EAINEEA RN OA-HABSAIEN; beta- 2 Bifl; SE-FREEIRZE; p-I1s £8h; g-J@; s-Ff.
SNP-single nucleotide polymorphism; EA-effect allele; OA-other allele; beta-effect size; SE-standard error; p-phylum; f-family; g-genus; s-species.
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Microorganism
Phylum. Proteobacteria

OR (95% Cl)

VW 0.77 (0.63 to 0.94)

MR-Egger — 0.80 (0.36 to 1.76)
Phylum. Firmicutes

VW - 0.69 (0.55 to 0.87)

MR-Egger —_—— 1.04 (0.32 to0 3.42)
Family. Oxalobacteraceae

VW - 1.15 (1.04 to 1.27)

MR-Egger —— 1.09 (0.71 to 1.66)
Genus. Lachnospiraceae

VW - 0.81 (0.67 t0 0.96)

MR-Egger —— 0.67 (0.31t0 1.42)
Genus. Marvinbryantia

vw - 0.72 (0.59 to 0.90)

MR-Egger e 1.04 (0.41 to 2.68)
Genus. Prevotella7

vw - 1.14 (1.02 to 1.28)

MR-Egger 1.33 (0.60 to 2.97)
Genus. Ruminococcaceae UCG004

vw - 0.83 (0.70 to 1.00)

MR-Egger —_—— 0.69 (0.22 to 2.16)
Genus. Odoribacter

VW - 1.16 (1.00 to 1.34)

MR-Egger —— 1.16 (0.61 to 2.21)
Species. Escherichia_coli

vw - 1.13 (1.00 to 1.27)

MR-Egger I — 1.60 (1.08 to 2.39)
Species. Bacteroides_coprocola

vw - 0.87 (0.79 to 0.96)

MR-Egger . 0.86 (0.62 to 1.20)

GutMicrobiota-Lung cancer, I T T T
0 1 2 3

2 ShEEBRERRYNMGERR
Fig. 2 Intestinal flora with genetic causal effects on lung

cancer
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XL TN B AR AR R R A R A E L ) TR AR

B AE U B E A 4R AR T R AR AR ) A
M shE B ARG AR . FhEr BB RS
e ALAF SRR AL ) TREERE BRI IE . B
PR T e S Dt SR AR T A R % P Il 7
YA 7 IhRe, WIE 6-A PR, KEGG MK E 470
BrigoR, JXUeREP 3 2w AR A B0 /L Janus
g (Janus kinase, JAK) /5 5 SR RS A
¥ (signal transducer and activator of transcription,

STAT). 22 G354 H I (mitogen-activated
protein kinase, MAPK). 48 Y43 D0 %2

%2 MR OHREEFHIZER
Table 2 Quality control results of MR analysis

GWAS ID Ji 3 TR SNP #(H MR-Egger #2046 56 Cochrane’s Q 46
ebi-a-GCST90016943 p_Proteobacteria 15 0.80 0.75
ebi-a-GCST90017026 p_Firmicutes 12 0.62 0.94
ebi-a-GCST90017032 f Oxalobacteraceae 10 0.46 0.21
ebi-a-GCST90017044 g_Lachnospiraceae 12 0.71 0.05
ebi-a-GCST90017055 g Marvinbryantia 12 0.75 0.14
ebi-a-GCST90017116 g Prevotella7 13 0.94 0.39
ebi-a-GCST90027697 g Ruminococcaceae UCG004 11 0.99 0.96
ebi-a-GCST90027750 g_Odoribacter 3 0.61 0.34
ebi-a-GCST90027816 s Escherichia_coli 12 0.10 0.04
ebi-a-GCST90027823 s Bacteroides coprocola 4 0.96 1.00

& (peroxisome proliferator activated receptor, PPAR)

A1 1 I B UL -3- ¥ 3 AE  ( phosphatidylinositol-3-

hydroxykinase, PI3K) /& H % B (protein kinase B,

Akt) FEfE 5, W 6-B Fios.

3 Wig

3.1 MEEMFSMEAEFEEERRYN
TP ETR R UL Il 5 KRR 5L B

W, RPAREE R “Hii-lg” Hhezid, B5em W

T8 A R R R A R SRR IR . R B

TR, T v BRI 00 AR R e vh R A
PERAUO21 AHIF 58 J5 T i 38 T A ANt 1Y) GWASS T
SEHEITRE MR 081, RILT UAEET]. BEEH
PRI R 7 ARERN 10 B i K AE A7 2
Z LR R R E R . W3E 3 fos, Hdh K
3 TR O ER I PR B I PRI RIF 6 0E S 5 e e A ok
JRAHIG, AT R B S FEhe it T R4F 4%

EHAREENL, HY L HEHEIERXH
Marvinbryantia 5t K EAE IS . Marvinbryantia 7&
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Fig. 3 Forest plots of results of leave-one-out analysis
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Table 3 Studies on correlation between intestinal flora and lung cancer

o i T BIRER KW AR B
g Lachnospiraceael??! [HZR I NSCLC 58  Lachnospiraceae E ICI #{ PR [ NSCLC & HFHEH =
g Odoribacter s _Escherichia coli® i R 5L NSCLC 3 Odoribacter F Escherichia 1E ICL 47 HUB ) NSCLC B35 3 AR
g_Marvinbryantia®! Il /K + 1w AR AT NSCLC 65 Marvinbryantia T¢ ICLiRYT BUR NSCLC & F/ P EEH &
B
g Ruminococcaceae UCGO04P*+2) I FRAFF 7¢ NSCLC 47  Ruminococcaceae ¥ =i NSCLC M FET- XU 3
s_Bacteroides coprocolal?®! (7RI NSCLC 39 Bacteroides 4% ICLIRYT HER NG LT 4EC R I NSCLC E&EhF
BETHE
f Oxalobacteraceae!?”! I BT 4 Jii 44 Oxalobacteraceae A& 40 B 3 B A TR b I e AV RS S S A=
g_Prevotella7?®) I AR 52 fite 159 Prevotella7 i B8 JE MR A 3 B B 2K T BTRE
p_Proteobacterial??] IGRAT#ES.  NSCLC 30  Proteobacteria fEH23Z IAIA YT JG HI NSCLC /I B 3= FE 38
p_Firmicutes(*! IGRHTR A il 15 Firmicutes il /N B FEMERE A R B B2 & T 0 IR

NSCLC-HE/NE i ICT- e 25 s M) o

NSCLC-non-small cell lung cancer; ICI-immune checkpoint inhibitor.\

Je IR Y A 0, RO RBEIRE H 2k
At 8 1 PI3K/AKY IHj 7L 20 ¥ & 1A & R #L & A
(mammalian target of rapamycin, mTOR) 155 iH
TR BEAE /N B e A B B I e JBE L TR AR
220421, Jak-STAT {5 ‘530 B% R0 RE L HE HE /N4 i il
AL G, TR AR EW), REETILRRK
R R aE I 1A R B R MO R
(AMP-activated protein kinase, AMPK) /Akt/MAPK
5 o X0 A ) e R 2 AR A TR T S A - T R T
A ) 7R ) VR T T 2451440 R R I 32 B Ry Rad
VO SR AL ) B A 3 BE ) B0 32 ARy (peroxisome
proliferator activated receptory, PPARy) JHEEHIH] T
Witz A F-«B (nuclear factor-xB, NF-xB) /5%
S R FRETC, T TS /) BRI Jiie e A2 145e Hh iHa
AN, JEBEE . Marvinbryantia TV |55 1718 1H
TN S 10098 K A2 P e 5 JAK/STATMAPK. PPAR
A PI3K/AKt S5 5 BB ARG .
3.3 ET SNPs SPIEEFE TN A P AT @ X
RIESEKAEMELR

MBI A ETTIE . SRR TT SPiE T
B BTt — 0 I\ B A S - 27 ARt
— B RR M R BE 2GR TT 5 . TP R 2 AE T A
FERA . KRR IBITHRA RN iy, LA
R EBIRAE R ZE MG R FE AN A A7 Z 45 7 T A
AR FEOFHESU, i T B “ BT AR 4
s, HAZCIRHLRTIRGO AR B PIRE
DAPURALTE . SRIEBSANFEAR I, BLas <. IR0

HAL AR T RN EEIRIEDY, {R5C SNPs
WILHN 2 CTD Hedfa i, REIABIE R REHE.
WGUEA RO IR 55 AR 1Y 142 AMEZE RSy, IREAAN BT
FRNMEATEAHY, RERENER NG
BrPEIZR, TR AT A VIR S BE TPl £ 7] 254)
AR T FZ M 25053500, FIRGEARER IR, T
J o E R R R AR R S vh R HE R AR A, IR
oY E a7 i i 2 U 1SS B T ST

AT FEHI T Fh 25 DRI L, A
RZ, AT B AR AR R0 i A1
AKBIRSE, HBMRAZS . Lk, AfeiEs
B, P 2R, AR WENZEEZ 4T
R WEy, B S I RAEIR ST 2, Tk
DU 2 IR BRI AR R IR iR R T I
PURAETE . TRIEREARRIT R 3E— 2B Gt Tl
RZGPERIAZE, RBULZGTELUR . JEL PN,
ZRLIGE . H L ¥ouE, RGBT, M. BN
MG &, i JEE L, T e o 2R PR 2 LA
BRIEN L, RN, LR, AT 2%,
F H S N AR I IR 24 78 i VR 9T TR o U
fir, MR VE R YR, RS AL H A2 AR,
MR YT I RE R B AL R T IE 3R %5 AL S5
R dhe AR S, BAT. HaM, BRI,
SN IR AR 2k, S T IR TR
IR A GG, TEE S E RSB RS,
WA E AN, B, BERR R —R
S, A SRS R R R A R AR AR 2 XA
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DRISROCHS: 15EAW. FFRBMt, AR AR 5
B A A, T bR R AEAE SR o R AR A,
AR, SO AT 2N A S e v 1
HEEH

2P AE I SR UE S T T ) T 21 e B
BHIETT, LAS AR b a8 24 e 5 1R 4
(reactive oxygen species, ROS) /5% It A b
(jun kinase, JNK) /p38 MAPK {55 5 il i 1) 3 fie a4
i et A M R T, FEBE A 40 B R BAGT)s ik fH
PI3K/Akt/mTOR 5 ‘5 1 P P AIC G0 22 K A i At R A2
JPPEFET-BE A& 1 (programmed cell death 1 ligand 1,
PD-L1) [ 240 it ot e 40 A 14 5 58 3 i oty
AMPK/mTOR 1 INK 1553 #% 175 ‘3 4 /N o i
YA b B R T R TR AR, LS RIS
AR ELMHERESEBEEAN 1 (matrix
metalloproteinase 1, MMP 1) ik, 75 PI3K/Akt
{551, FmioE A A KR i Re, (2t
S B E 21000 @ I AMPK AR5 14 H 15 5 /N At g
it AR M PR T, SIS MAPK/INK {5538
ik p53 FERIIE, AT N 2L e 4t P ik A K
IS T2, DURSAAR R3S 2 Rl id I
T AR AU T B B S Cextracellular regulated
protein kinases, ERK) 15 51 2% 5k H 2R A5 40
T, PR, LIPS AR 2
REIEIE JAK1/STAT3 3 410 il e 40 i 2, 4l
i1l At e /0N BRI A R A K TR 1 AR R R 40 e
I A8 AR 4, DR B AR 3R 1 Ak IR 24 fe 40
PI3K/Akt/mTOR i@ ¥ Hf-fieidt B itk L4 IR -2(B-cell
lymphoma-2, Bel-2) FIEHVERNE A (Beclinl) &
EIRR S, DTSR 1 W DA /) 248 e 4 A 34
FEFAR R T, LK AU AR IRIK B R 2 ]
i IE PI3K/AKt {5 53 it ffe 1k 2 i e 40 L B P T
FFIG SR T SIS T G g5 B ZF 1661,

REHTTT R T8 AR il 5 A2 % e b A
HEEREN, RN SR O ZIRRA R
Wi, 25T MR 1 KR RN AW 7 T B AR 3, A
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B A B L, AT JE SR th 28 2
R — B %

4 g
AR FET 5 R AHE B rh R4 g,

iz Fl MR 7707 1% Hh DA S EE B ] Marvinbryantia F1
BILBE T TRREER 10 P e K A A7 AR s AL R IR
KREMIHEMAEY, XEMAYEEEL
JAK/STAT. MAPK. PPAR Fll PI3K/Akt 2515 5 i@ i
At KA. [RIN, T T AT AEIE L R B
T B ) B4 53 I 30 1T A 5 M e 30 R ) R AE R
2, M TE BRI TR 2R e 1) Hh R 2 7 VA S
RUEETESE . REENSM IR, 25
T B R R A8 e 2B ML AN 5 R R Bl B 1 i 3R
ARG, IS HUEZ MRS OE, Rk 5 L0
T H RN E RN AR ERTEET . H
T A BRI o A S &, AR MR 434
KA GWAS s F 2k B A LR, AR5
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