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Abstract: Objective To investigate the genetic causality between gut microbiota and gynecological cancers in East Asian populations based
on the gut-uterus with appendages axis using Mendelian randomization (MR), and to screen for monomers, Chinese medicines and
prescriptions that regulate genes with high risk for the development of gynecological cancers mediated by gut microbiota. Methods
Bidirectional two-sample MR analysis was performed using pooled data from a genome-wide association study of gut microbiota and
gynecological cancer in an East Asian population, with inverse-variance weighting as the primary method of assessing genetic causal effects.
Functional enrichment analysis of instrumental variables adjacent to associated genes was used to explore the biological process of gut
microbiota mediating gynecological cancer development. Enrichment analysis of traditional Chinese medicine prescriptions was carried out
through SoFDA database. GEO database and UCSC XENA database were used to mine and verify the key risk genes for gut microbiota
mediating gynecologic cancer development. Monomers and traditional Chinese medicines with regulatory effects on corresponding risk genes
were obtained from CTD database and COREMINE database, and their binding properties were verified by molecular docking. Results MR
analysis identified four intestinal microorganisms associated with an elevated risk of ovarian cancer development, seven intestinal
microorganisms associated with an elevated risk of cervical cancer development, and three intestinal microorganisms associated with an
increased risk of endometrial cancer development. Genes related to gut microbiota mediating gynecological cancer development were
significantly enriched in biological processes and pathways such as Rap1, phosphatidylinositol-3-hydroxykinase (PI3K)/protein kinase B (Akt)
signaling pathway, triglyceride homeostasis, regulation of RNA metabolism and binding, antigen processing and presentation and epidermal
development. The gut microbiota mediated the occurrence and development of gynecological cancer-related genes, which were significantly
enriched in warming and tonifying the spleen and kidney formulas and soothing the liver and promoting the flow of ¢i formulas. A total of 17
high-risk genes of gut microbiota mediating gynecological cancer development were validated. The regulatory relationships of 15 monomer
compounds targeting nine high-risk genes and 57 traditional Chinese medicines targeting 12 high-risk genes were screened. Molecular docking
showed that monomer compounds had good binding performance with high-risk target genes. Conclusion Based on MR analysis, a causal
association was found between 14 gut microbiota and a high risk of gynecological cancer development, the mechanism of which may be
related to lipid metabolism homeostasis, Ras, PI3K/Akt and other pathways. Quercetin, oleanolic acid, and kaempferol may be key monomer
compounds regulating high-risk genes. Lurong (Cervi Cornu Pantotrichum), Shanzhuyu (Corni Fructus), Yinyanghuo (Epimedii Folium) may
be key traditional Chinese medicines regulating high-risk genes. Warming and tonifying the spleen and kidney formulas, along with soothing
the liver and promoting the flow of qi formulas, may be important Chinese medicine prescriptions to prevent and treat gynecological cancers
by improving intestinal microbiota. This study enriches the biological foundation of the “gut-uterus with appendages axis”, deepens the
understanding of the etiology and pathogenesis of gynecological cancers, and provides a new direction for the regulation of gut microbiota by
traditional Chinese medicine in the prevention and control of gynecological cancers.
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s_Bifidobacterium_bifidum Ovarian cancer
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s_unclassified Streptococcus_oralis Cervical cancer
s_Prevotella_bivia Cervical cancer
s_Ruminococcus_flavefaciens Cervical cancer
s_Lactobacillus_vaginalis Cervical cancer
s_Campylobacter_jejuni Cervical cancer
s_Aggregatibacter_aphrophilus Cervical cancer
s_Gemella_haemolysans Cervical cancer
s_Vibrio_furnissii Cervical cancer
s_Peptoniphilus_harei Cervical cancer
s Prevotella_amnii Cervical cancer
s_Tannerella_forsythia Cervical cancer

s Prevotella_oris Cervical cancer
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s_Escherichia_coli

s_Ruminococcus_lactaris
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s_Streptococcus_cristatus

E1

Endometrial cancer
Endometrial cancer
Endometrial cancer
Endometrial cancer
Endometrial cancer
Endometrial cancer
Endometrial cancer
Endometrial cancer

Endometrial cancer

No.of SNP Method  OR(95% CI) P
7 IVW  1.179 (1.050 to 1.324) e 0.005
16 IVW 1131 (1.036 to 1.235) e 0.006
15 IVW  1.104 (1.015 to 1.201) — 0021
18 IVW  1.093 (1.005 to 1.188) [ 0.038
55 IVW  0.935 (0.876 0 0.999) o 0.045
26 VW 0.930 (0.889 t0 0.973) toy) 0.002
19 IVW  0.920 (0.860 to 0.985) vt 0.017
21 IVW  0.920 (0.847 to 0.999) ot 0.048
41 IVW  0.916 (0.844 to 0.993) et 0.033
26 IVW  0.886 (0.814 to 0.965) Foi 0.005
14 IVW  0.882 (0.784 to 0.992) [ 0.036
16 IVW  0.881 (0.812 to 0.956) e 0.002
8 IVW  0.877 (0.772 to 0.996) ——] 0.043
28 IVW  0.875 (0.772 to 0.993) —— 0.038
24 IVW  0.872 (0.785 t0 0.969) o) 0.011
13 IVW  0.856(0.739100.992) =i 0.038
2 IVW  1.222 (1.056 to 1.415) L—e—i 0,007
28 IVW  1.170 (1.022 to 1.340) ——1i 0,023
4 IVW  1.153 (1.012 to 1.313) b——  0.033
2 IVW  1.103 (1.007 to 1.207) 0,035
9 IVW  1.095 (1.011 to 1.186) ot 0.026
13 IVW  1.090 (1.010 to 1.177) o 0.027
16 IVW  1.076 (1.008 to 1.148) bt 0.027
11 IVW  0.934 (0.872 to 1.000) o 0.049
30 IVW  0.910 (0.832 to 0.996) e 0.041
10 IVW  0.908 (0.840 to 0.981) ot 0.014
6 IVW  0.900 (0.810 to 0.999) i 0.048
6 IVW  0.894 (0.800 to 1.000) i 0.049
9 IVW  0.890 (0.797 to 0.994) —— 0.038
5 IVW  0.887 (0.788 to 0.998) i 0.047
13 IVW  0.881 (0.795 to 0.976) i 0.015
19 IVW  0.820(0.710100.947) i’ 0.007
18 IVW  1.140 (1.024 to 1.270) —— 0017
15 IVW  1.094 (1.019 to 1.175) o 0.013
57 IVW  1.061 (1.007 to 1.117) [ 0.026
18 IVW  0.954 (0.916 to 0.994) ol 0.024
75 IVW  0.954 (0.912 to 0.999) - 0.043
19 IVW  0.932 (0.875 to 0.994) v 0.031
21 IVW  0.925 (0.864 to 0.990) et 0.025
8 IVW  0.916 (0.846 to 0.993) 0.033
6 IVW  0.900 (0.814 to 0.995) et 0.040

0608 1 1214
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Fig.1 MR analysis of gut microbiota on gynecological cancer
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Table 2 Quality control results of MR analysis

- NV i/ (ARt BRHER I K23 (MR-
FE GpEEE) S e ) AR (MR-PRESSO)  Egger intercept)
s_Streptococcus pseudopneumoniae b S 0.698 0.683 0.301
s_Citrobacter koseri Y H g 0.795 0.756 0.173
s_Veillonella parvula B 158 0.766 0.802 0.518
s_Alistipes shahii EE S 0.569 0.425 0.235
s_Prevotella disiens EE S 0.659 0.604 0.129
s_Bifidobacterium bifidum EE S 0.963 0.889 0.090
s_Haemophilus influenzae G S 0.297 0.311 0.225
s_Streptococcus parasanguinis b S 0.421 0.461 0.486
s_unclassified Coprobacillus sp. 29 1 b S 0.756 0.757 0.491
s_Clostridium bolteae b S 0.681 0.747 0.796
s_Streptococcus gordonii b S 0.823 0.830 0.418
s_Ruminococcus champanellensis G SR 0.782 0.855 0.838
s_Pseudomonas stutzeri EE S 0.163 0.288 0.430
s_unclassified Lachnospiraceae Bacterium 1 4 56FAA G SR 0.569 0.619 0.760
s_Gemella sanguinis b S 0.154 0.172 0.600
s_Bacteroides fluxus G S5 0.839 0.900 0.900
s_Pseudoflavonifractor capillosus = 0.617 0.695 0.748
s_Enterococcus faecalis =St 0.899 0.932 0.640
s_Pantoea ananatis (=St 0.947 0.993 0.989
s_unclassified Streptococcus sp. C150 B3 0.768 0.748 0.246
s_unclassified Streptococcus oralis B3 0.762 0.775 0.486
s_Prevotella bivia (=St 0.901 0.933 0.843
s_Ruminococcus flavefaciens =St 0.995 0.994 0.384
s_Lactobacillus vaginalis = 0.353 0.490 0.751
s_Campylobacter jejuni = 0.235 0.276 0.935
s_Aggregatibacter aphrophilus = 0.491 0.601 0.666
s_Gemella haemolysans B3 0.378 0.343 0.204
s_Vibrio furnissii =St 0.582 0.727 0.569
s_Peptoniphilus harei B3 0.148 0.251 0.602
s_Prevotella amnii =St 0.878 0.933 0.732
s_Tannerella forsythia B 0.645 0.711 0.487
s_Prevotella oris B 0.517 0.522 0.336
s_unclassified Ruminococcus sp. 5 1 39BFAA FE N R 0.402 0.444 0.481
s_Veillonella parvula FE AR 0.524 0.511 0.198
s_Faecalibacterium prausnitzii TFB 0.338 0.271 0.072
s_Akkermansia muciniphila TFB 0.156 0.244 0.851
s_Lactobacillus ruminis FE N R 0.742 0.752 0.578
s_Escherichia coli FE N R 0.720 0.798 0.872
s_Ruminococcus lactaris FE AR 0.951 0.973 0.992
s_Prevotella melaninogenica FE N 0.963 0.981 0.721

s_Streptococcus cristatus + R 0.652 0.703 0.454
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Fig.2 Functional enrichment analysis of genes related to development of gynecological cancer mediated by gut microbiota
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Fig.3 Enrichment analysis of genes related to
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Fig. 4 Differential expression analysis of genes related to development of gynecologic cancer mediated by gut microbiota
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Fig. 5 Differential expression validation of high risk genes related to development of gynecologic cancer mediated by gut

microbiota
£3 “HEFRE-SNP-ERE-LEH” KB
Table 3 Association of “gut microbiota-SNP-gene-compound”

[ E R SNP HH wEY HHEAEH PubMed ID
Citrobacter koseri  rs117421179  SERPINAL £ i 0 I 4% SERPINAL & A& 35218269
Veillonella parvula rs80119530  KRT5 PRIARR PRI R MK KRTS mRNA i 20706672
Streptococcus sp.  1s147046192 BORA  E & T ILFF BRH(VDERE A TILR KRR B FRRERIL AL EL BORA 22079256

C150 BTN mMRNA %k

Streptococcus sp. C150 15147046192 BORA  #iljk & Hi B Z %1% BORA mRNA %% 21632981

Streptococcus sp. C150 177236243 ~ NCAPG2  fii i R %A% NCAPG2 mRNA ik 28374803

Prevotella bivia  rs151160652 COX17  Jrk& FEEEIHIR N (- B COX17 BEFR) 30107153

Prevotellabivia  rs151160652 COX17  JL% & JUZRFRAMEISRE (4-(N-FR J-N- 7 ¥ i ) 1-(3-PHE e % )-1- T i 21882252

5283 ()L AL BRI 11 COX17 mRNA #ik)
Prevotellabivia ~ rs151160652 COX17  RE B TILE R REBTILERR B TREEMK COX17 mRNA ik 22079256
BT

Ruminococcus rs4252946 CXCL11 P-ZEHH ZCHETEES B-2E A AL B A CXCLLL mRNA 15 18164116
flavefaciens

Ruminococcus rs4252946 ~ CXCLI11 - Ji Wk i 220 0| Wi — i WIR hag 2R W AR 4030 P AIG. CXCL11 mRNA ik 19818335
flavefaciens A

Streptococcus oralis rs60270220  SPHK1 — mpfii& & WA B B AT SPHKL 2B Mg/ ik 22251058
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W& AN SNP A WEY HEAEH PubMed ID
Streptococcus oralis rs60270220  SPHK1 FHRE FERF MG R R (JE 2 55380 SPHKL HEEHERIE) 25557508
Streptococcus oralis rs60270220  SPHK1 S AT S (s 2 B SPHKYL & AFIRI5) 36243145
Streptococcus oralis rs60270220  SPHK1 SE o) FIZE P RE RS R SPHKL B [ 1A A7 I BRI 1 26045781
Streptococcus oralis rs60270220  SPHK1 SEJS) FF BN R (C5 R AN SPHKL & TG ) 19346296,
19284563
Streptococcus oralis rs60270220  SPHK1 SE 2] A A S R (AR 6 0 SPHKL 48 G 1) 24055189
Streptococcus oralis rs60270220  SPHK1 SE 2] 2P I AL P B IR SPHKL SR H R IE 22251058
Streptococcus oralis rs60270220  SPHK1 SE 2] F# P B SPHKL RIE 21500096
Streptococcus oralis rs60270220  SPHK1 SEA=] AL EE PG SPHKL mRNA ik 20401667
Faecalibacterium  rs558067785 DUSP10 FIEWERE  BIEEFEEEFE(C DUSP10 mRNA &ik 19167446
prausnitzii
Faecalibacterium  rs558067785 DUSP10 FHRR FHRRmAG S G E A3 N DUSP10 mRNA S&iA) 37706587
prausnitzii
Faecalibacterium  rs558067785 DUSP10 SEA HIENHTERE S A2 B & T T4 DUSP10 mRNA ik 19167446
prausnitzii
Faecalibacterium  rs558067785 DUSP10 1 R £ JHE R i DUSP10 mRNA %i& 28374803
prausnitzii
Faecalibacterium  rs558067785 DUSP10 HWKFLHE AT ZEMBIRE (HEARIE I DUSP10 mRNA %i5) 31150632
prausnitzii
Faecalibacterium  rs558067785 DUSP10 RN 4 N K 4K DUSP10 mRNA &k 31838189
prausnitzii
Faecalibacterium  rs150610523 CENPE M e 2 Mt 52 Z P41 CENPE mRNA %Kik 21632981
prausnitzii
Faecalibacterium  rs150610523 CENPE SEZS) [ 227 B4 CENPE mRNA %Kik 21852083
prausnitzii 15767336
Faecalibacterium  rs150610523 CENPE R i [ %% CENPE mRNA % ik 28374803
prausnitzii
w5 WE KER R s R
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B e HBIT g S
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Fig. 6

“Gene-traditional Chinese medicines” regulatory network
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Table 4 Molecular docking of compounds with target genes

e CAS ID FEH RCSB ID 4 & 6/ (kcal mol ™)
1R 2% 117-39-5 CENPE 8HFH -75
SEYS] 501-36-0 CENPE 8HFH -7.0
I 83-79-4 CENPE 8HFH -9.0
eSS 520-36-5 COX17 2LGQ -6.3
ILHEE 154-23-4 COX17 2LGQ -6.0
KILKE 989-51-5 COX17 2LGQ -6.1
B-Z5 B 6051-87-2 CXCL11 1RJT -8.3
R I P R A A 25644-25-1 CXCL11 1RJT -7.0
H 16 Wt 479-13-0 DUSP10 7UMV -8.6
FIR IR 508-02-1 DUSP10 7UMV -6.5
SE )it 501-36-0 DUSP10 7UMV -72
1 R 83-79-4 DUSP10 7UMV -7
1 FE 83-79-4 SERPINA1 8PI2 -8.1
IR ) R 27200-12-0 SPHK1 3VZB -8.2
NS 520-36-5 SPHK1 3VZB -8.5
1L 25T 520-18-3 SPHK1 3VZB -8.4
SE- IRl 501-36-0 SPHK1 3VZB -7.8
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Fig. 7 3D and 2D structure visualization of molecular docking between compounds and target genes (binding energy < —8.5
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RS G R o A A M ) EE ORI O3
SREKEE Veillonella parvula 5 YR S35 A1 5 N J5E K
A R TIAHE, AR “-Eih” i
T RMEE K AR R I B B B R s @22 3K R
5 51 3895 ( Gemella sanguinis ) F1-F & #iJE ( Gemella
haemolysans) KA ZIF G, 7 g2 i@
“W-RuE i B vE I RNEE KA K R IR O I T B
s OFEERE 8 /AL B IR I & /8 BB R A
b 7K P 1) o 38 B R0 23 5 T R e e R A v XU AH
Ky S ARMERE K AR AE DG, anph fit 28 B
R Streptococcus pseudopneumoniae 5 9P $135 Kk
RS T+ Ao, RBBEERE Streptococcus gordonii
55 50§98 AR AR BRI AE oG, X 38R i T8 B HE 1) 20
SR 22 R 1 AT e 0 U R i 1) A R R B B R
Mo FRIRE R —MENRM . BIE. DM
B iE R AE IR B, RS 2 A1
NHATRER RO — P BORE ). AR H AT
RIRBEAE ERHEE T R 78 2D, HIE R AR
LA RERBE X NI, RORE . G e K
BREEZW . §F5KIN Veillonella parvula W 3L
75 F UM R A1 Toll #3244 2/6 (Toll-like receptor
2/6, TLR2/6) {5 5553, BEIRE 5 FK REMA S
BLF-m] BLHEVH B 48 M A % -12p70  Cinterleukin-
12p70, IL-12p70) /=4, [AINFHE 58 1L-8. IL-6+

IL-10 AR IAFER F-a (tumor necrosis factor-a

TNF-0) [P985O, R 2R 2 A ve 27
o, TFIRERBE RGN, AR T RIE IR RN S
55 BUR AR ELEFERY . 546, TR 4
RIEVGBNIIA], 33 R BR A ) 1 = B 2 HIl S5 B M8 2%
MNHIEYT RORBY . FERREA O Tk, il A
T PR TE A P R A R E R s L TL-17

PIBK . # % Ji & L & B W B ( mitogen-
activatedprotein kinases, MAPK) FI4if{g s T8 A
Vi (extracellular signal-regulated kinases, ERK) &
% FIRY Veillonella parvula VIS TE AR
W, Veillonella parvula 51 EEH T WPIRIE B S 2L
TEERIFC, Mg, 1IL-17 RAERAIG LA
ST FARIFR EVEIERY . Gemella j&— Mg 2
et PH AT AR B et DA, W T AR 7
EAPGES . FH KN, Gemella LR ETR
Hokaid 24 kg/m? )7L R JE 0 B R/ DB, 7R
A, MR 5% IEHRIRBIEE, Gemella
(PIAEXS = BT BB, X P8R Gemella F-FE722 40 T]

A SRR AR B IR . JRAEAEIUA SRR
REHR B ELHER DT OOt 2 BEIR B . N RERR B 5 5 108}
FEEZ MR RIS, (HOARWTRRY], B
PRI RS 22 R T REAE 8 AE R A AR AR Jie rh 43 T B
L. BORERZ FIEHE RN, JE G E YR i
WE BRI RN g L S A 7 RE, T RE
sOMAR AR KRR, BRI &, SRELe T
R I 7 A A B I O R S A P, R EETT R
2, AT A AR PR 5 A O R 36, A B, REE B0
PEE R AT BELHE RSN, S EURAE AR n . 1k
b, P TE AR ) SR A T e e e 5 e R R A
A, PR R A AR, B, R
AW B W RS IO RHEAE Z A A B R &R, A
A B T E A R AR ML, AT RE Dy LI A A
AMRAGIG TSR AR R SN o AR R BT 78 B B ORI
TR YIRS A AL T FOR 1 4@ BRI 2, DU
5E HAESERE TR AT T VB E RN A
32 BEEMNSARNEERELARINATAEEY
FHLH

o iE R L AR T e 2 Mg N
ARMEAE R A R o A TN e KU T A 8 T A
AR RN R SRR IE K AT D e & B i, R L
FEDR - B E R Rapl {5518k, PI3K/Akt {558
. Ras {558, HIF-1 {55188, = HmR
A+ RNA AR A5G s LA ik R
REE. G BT AR S B BRI Y E R
Xf ERAE T g A A e B B A B AR
HI, AHR BT I CR W 3E B R F B 5 IX (5 5
I B B BOE RS Z B AF R PR BR BT, 5 ik )
I, IXEEAF 5@ A AR IE R R E SR
i R IEE EEMIEM . Rapl J&T Ras @K, 1
YA A IS S S 4 3 A . Rapl 7E 50 L
M PR RIE, Rapl 15 518 7 H 0 5 IR
12 ZR ML RS B ) AH 0L, B AR IR AL -3 Il e A 1.
FAAT o (phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha, PIK3CA ) & [K AL i R
E R AR, SEOZE Sl RS,
T 3 BrfIg (1) e 1410, RT3 1] =] (Alpelisib, PI3K
HREHEIHIFD XHER PIK3CA AR E KGR}
e B B BRI RCRMY. Ras B AR SIEG
=R (guanosine triphosphate, GTP) g5k 1)
— b, TEERMEEH Ras F848 & —FiokH X 1 ik 11
I PR bR 38 53, 0 AR A AT TR AE S A 2] 41 Ras
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PI3K/Akt [55 i, Ras {5518, HIF-1 {558
B =l H ARSI G
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B SR RE K A2 R FEAH G R N W 3 & SR A fi
MR BEE. SHEMEAL. AN %5 RN E
FKITUSISES L DUl REDZEL FHACE I
FEEBAT AT o cHEAED, RN E 207 R
AT S8 77 AT e A J8 e 1 9 B T R R SR VR iR
FEdE P 2T BRI EE . B U
T B NSRS E R IR &
(LY e “RAE TUE A B 7SI s,
HIRAE R AR IR D Re R R A
FHEIE M KR B2 2RISR,
ERREAT, MBS, BUAEE, SERTN,
JRREARR, REEREE, BUREPHRESE, BIZENE,
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HHEAENRR N FH AF 3] 7712 SEEWT9L, 5350, B
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FE I PR JE Y. B AR B B B H
HIAE F B0 /I SR R 37 W 300 JOOME B 1) =5 B2 R PR AIK DA
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SE B T Re B R E - . Am, HATE N
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() K i o
3.4 E-T SNPs SPiT S MK E F i ik 89 BRI 4
BRHARMRAREEASE X RAVEEXEAY

SRR P 2T SEmIE YT S P
JET-BL ABEFUN “ il B R -SNP-RE - F ik A &
V- 257 B Ak — AR R T IR E 1) R 2 g
Ti%. MEAGAEMPIERHEIEM K ESE K R
FHIRAS RS %o i 244 46 7 THT 2 300 L Y 25 PR A
#, [RGB TR PR st Z . W EZR L
KAETFER . IRZ RIMEY) S R M AR IR IT AR
iE T H R T R

Dyt — 7 ) e R 3 R P A AL S0,
It CTD il 2 M AH S S5 SR IR/ 31 15 />
AL 9 /S AR L R R E O R, B
M R PRI LB, W R — 2
BREWIREY), BRAZMAEY G, KA
AERTZ, BAPUEMN. ik, bUowE. PUME
R AR TR o AR Z Pl | PISK/AKY
WALZIY) FE I R E A (mammalian target of
rapamycin, mTOR) {55 18 & K01 U 558 40 g 1)
SEFE AN S 12000 FE MR 24 OF S A b, A
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