Traditional Chinese Medicine H1EE2%, 2026, 15(5), 64-78 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/tcm
https://doi.org/10.12677/tcm.2026.155252

ETMEAEF R R TR XA EE
HIYE R

RF%, &#J48, REE, BEE, £ B, Az
PP 2k A T S TR TR R R IR S PR, T BT

Wk H . 20264F3H26H; FHEM: 20264F4H30H; &4 HI: 20264F5H13H

HE

H I 150 N DZ AT 5T ULRRNE SR R R8T UARE F 5 Z R B [RI6 YT A IR I PR X RE

AR FARFEPE LB S5 FHERAR, RERA) HRE ST IR EREBEEARE RS 5T
i, ARG HF AL R IER R IRAEE AR . F¥k: A FE I PubChem. Swiss Target
Prediction. Uniprot¥5$iEE, k) HEEAP34MZOEERS (B3 AINKRE. EERE. WE
B BER), HHIEAER B4 %t RIAE A #E 5 s F A GeneCards$iE PRk 3R ML I V> REAH S B HE 5,

KA Venny 2. 1R MAWEE 5 5HRBHE S HRE . EBISTRINGRIE EWEEDB/E(PPMLE, FA
Cytoscape 3.10.3% 44, 455 CytoHubba. MCODEHA-# AT F 4T, Fiki% OAEFAEE R . ZHAuto-
Dock 4.2.6. PyMOLE¥MATFF R4S FXEEAE, RliRERRS S OBRANEEEE. &8 &%
FEILFE T H e AT TR IE ) AR HE M 1794, L4h MM # € ESR1. IL6. EGFR. GAPDH.

BCLZAR R LIER . HFRBEERER, ULEAHE <0kcal'mol- AR EL S H B, | HEER
NRER. BER. AER. KEEW. BEEERERS, SROERBRERRBES S, HHHE
MR 5EGFRE S RERAR, H-9.1Kkcal'mol-!, S&EMRM. P PES, T HRE Qv Ed B R E
KA. DREBERSHME. dRET. ARG, NAEE4ASER, RESHS. ZHA. 28R
WREBIAGRTEH, BRSARAE. REmNNARSE. 4§48 AHARRT I HkERETS
gy 2R ZEBHET IR IERERNE, BIET R3S 5ROERNREEEE. |
WEEOARRE. Zatd, ENRBSIEERTH. etk SUSRESAE -, HAHEH
BEFHEN BT HERR IR T R ERIE ST .

X 5in
JTHRER, NARDE, MEGEE, 57X, (ERLES

CHERERE

NESIM: TR, KIS, BEE, BB RN, FSLL BT R 2 SRR e SR A6 L R AE 4
HLAID]. B2, 2026, 15(5): 64-78. DOI: 10.12677/tcm.2026.155252


https://www.hanspub.org/journal/tcm
https://doi.org/10.12677/tcm.2026.155252
https://doi.org/10.12677/tcm.2026.155252
https://www.hanspub.org/

AT

Exploring the Mechanism of Action
of Pheretima aspergillum Protein
on Sarcopenia Based on

Network Pharmacology

Ziling Zhou, Qiujuan Pan, Zixin Li, Huihui Yang, Yue Liang, Lihong Zhou"

Teaching and Research Office for Nutrition and Food Hygiene, Department of Preventive Medicine, School of
Public Health and Management, Guangxi University of Chinese Medicine, Nanning Guangxi

Received: March 26, 2026; accepted: April 30, 2026; published: May 13, 2026

Abstract

Objective: In response to the clinical challenges posed by the rising prevalence of sarcopenia in the
context of an aging population and the lack of specific targeted therapeutic drugs in modern medicine,
this study relies on network pharmacology and molecular docking technology to systematically ex-
plore the potential targets and molecular mechanisms of Pheretima aspergillum protein interven-
tion in sarcopenia, providing a theoretical basis for the modern application of traditional Chinese
medicine and the prevention and treatment of sarcopenia. Methods: This study screened 34 core
active components (including organic acids, amino acids, nucleobases, nucleosides, and enzymes)
from Pheretima aspergillum protein through databases such as PubChem, Swiss Target Prediction,
and Uniprot, and standardized the collection of corresponding targets for these components. The
GeneCards database was used to retrieve disease-related targets associated with sarcopenia, and
Venny 2.1 software was employed to obtain the intersection of drug targets and disease targets. The
protein-protein interaction (PPI) network was constructed using the STRING database, imported
into Cytoscape 3.10.3 software, and combined with CytoHubba and MCODE plugins for topological
analysis to identify core targets. Molecular docking verification was conducted using AutoDock
4.2.6, PyMOL, and other software to detect the binding activity of key active components with core
targets. Results: This study identified a total of 179 intersecting targets for Pheretima aspergillum
protein intervention in sarcopenia. Through topological analysis, ESR1, IL6, EGFR, GAPDH, and BCL2
were determined as the five core targets. Molecular docking results showed that, using a binding
energy < 0 kcal-mol-! as the criterion for stable binding, key components such as leucine, lysine,
glutamic acid, hypoxanthine, and lumbrukinase in Pheretima aspergillum protein could form stable
binding with core targets. Among them, lysine had the lowest binding energy with EGFR, at -9.1
kcal-mol-1, indicating the best binding activity. Mechanism analysis confirmed that Pheretima as-
pergillum protein exerts a multi-component, multi-target, and multi-pathway synergistic muscle-
protective effect by regulating pathways such as inflammation, muscle protein synthesis and de-
composition, apoptosis, energy metabolism, and muscle fiber regeneration. It also possesses the
application advantages of being both food and medicine, with high safety. Conclusion: This study
reveals the mechanism of Pheretima aspergillum protein intervention in sarcopenia through multi-
component, multi-target, and multi-pathway synergism, and verifies the strong binding activity of
key components with core targets. Pheretima aspergillum protein, which is both food and medicine,
boasts excellent safety. It holds great potential for application in nutritional intervention for sarco-
penia and functional food research and development. Furthermore, it provides scientific evidence
and research directions for traditional Chinese medicine in preventing and treating senile muscle
degenerative diseases.
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1. 51§
1.1. AV ENRITHRFIRES X REH

111 2HRRPEAOZBRUERTHERELTH

JULPA Rk /b i (Sarcopenia) , SRR W AH ML ZEIRE ,  TRTPRIILADAE, o — e o S 18 I = AR (R A7 1
A, RN EINEEhEZ . BOR S . SRIERR R T R R, AR SRR R
JIEID R RERRAG[1] . B AR DR BERE DI, LRI RE O RO B 2 A A AR A% 0
WRR 2 — o ARAEECHIRAT IR A LR, 48k 60 2% DL 2 4F NBEILAIIRANE B % 9 10%~27%,
NBEEWiZIA 16.5%. Tt 2] 2050 42, AFERNLPIEGE B ANHOK 0k 5 14[2], S aERASLt AR R E
K% HENEAMAR E2EANORZHEK, PIRRDERRATE I E . RN RS
SR, HHE 60 % K UL NI E BB %N 20.7% (95%CI: 18.3%~23.0%), & mTHA
(9.9%) FH5 [ (13.5%) 55 WA 4B EI[3] . B NEEMZE, H EZAFE AN E Bh R 2RI S0 BT,
M 2014~2018 4E#) 19.2%_E T+ %5 2019~2024 4E(¢) 21.4% [4]. SR E0HT R, WLRIIR/AAE B R BE A 1
BK B E TR . 60~69 £ ABEHURF N 15.7%, 70~79 & A\BE LTFE 27.2%, 1 80 2 UL b mid A BE 0 R
ik 45.4%, BB H AL S 50%~67.1% [4]. PERIZEROPER, otk B R (21.6%)08 T B ik
(19.2%), X — 7= RAE e NFFH TN o X A ATRAE R s, o R g b X 26 (21. 7%) iy T AL T X
(19.0%), AR HI X i 28 035 i TOEU X . RERIME S OGN 2, FRENU T 2 AR LA R E B3 6
W, BIEIL 26.3%, “ikik 33.7%, 65.9%(1)FE M ZE ANAFAENLAIR D JE KUK [5]

112 /AR SHSEFEm

WU RE AR — MR A, S — A A PR . 20m S ERE E . RREA AR
SRR BEM K, CHONREZENREIZERTIE. PUREBMGE B ST RALZIEW AR 2.5 £, &
g PR PR T AR G BN 4 B SIS TALTe N I [6] o AU B WLPAI /e S8 2 PR A DU 18 3 £
AT SN 2 £%, LB AE K 50%, HiFe/a 30 RN FEABEFIG 0 60% [7]. AL GE S BEEHE AL
HARITENRE S, SR A 770 Jagiit, 50 % Lh b AR LA sk e 3 B0 57 Bl g 77 2k
BRI ATT BRI AL TT. A, WIS RN IR S [8]. WAL BEY T R A EE, L
PRI E 6 AR B R T e RO B PR AR R R BRI 770 B N I 2 e AL IR AL AL s R % T
Titvt 2] 2030 £F, I PIULAE A E S BB I7 S H R 2000 {478, #1) 2050 4 7] REFERY 5000 {475[6] -

12. BREFATFRIERESHE

1.2.1. BRTHUINARR
JUE LA/ 1) EE B C e 2 AR, B H A JE S5 FDA Bl rb e R 52 24 o WA A TS i ofie 1) &
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I TH TR IT LA RE IR 254 o 3% — IR S Bl 1 50 T8 T 29000 R K R Bk« A5 SR i B AR T
EFE B AR A R S, EARESCE VLA B A 7 SR tH— e ROR, El TR ER
AR P T BRI 7 IR o S2 R 78 6T AT BERG N 55 M A 510 Btdes ARG . 2R 55 A AU, DA RS RO I
R0 ARKEEIEITEIER G KM KM, WESGEIES, K YMEHE v sER InbE R
T AL O LB AR . 4EAE 3R D #ARVARYT 2 H AT PR S BIGaTT T B, (BT RUEAE 4+ [10]. &
PRI A R 2 AR R 5 77 (Selective Androgen Receptor Modulators, SARMS)E i — A& A 254, 1E4E
I RIS 32 VP, H AT AT B = 2 08 I B 2 A VR AN AP o LA A ) 2 i A2 ) — AN
B2 R 7 TR, VA ST R i LY 2495655 o Hi i LA R AN 1= 13 1, (SR
K2 A AT 5 2 — P VA

1.2.2. JATrRRE RO

T LR E I T F EARAR 2T, AIRIE S I GRS S RE,  (H X S 7E S bR N
Tl i#% 2 WS BRI NP E VAT I3 AT, e B T BRI 25550 384 I LA B 0 ) & B
BB . SR, W2 ZEREH T OISR .. M. T8/ R AR, XLk 2
RSN, AN, IBEhIZ T B R R A BE 4R AR, T4 B MR M AR B . & 97 30,
R 8 AN T, R ILRIRAE IR TT K ) — EEF B MRA R, 782 W& AR (L.2~1.5g/kg A E
IR YERE LA R B R E B, AR, VP2 EE AAPE AT AR T BEIRGR 287 2% - PR 1l 5 )
B, MECUAFHER MR AR R, MAh, A E AN RNRE R, TESEHIIGHEE AR
FERAEROR . 2 AR T BARBA N A R YA YT g, (B7E SE BRI PR S A AR T I v 2 kiR . 24
YA TT (1 R B R BLAE 2500 % 0 8 RO o LIRS (R R LR 2 4, 98 B AN 4 T B R AN 4H i
A, B IR R IR IR, AR AR S A2 A IR S R N AR R
S, W T TR MRS . AN, BEREFEIF MR, FERMZMAY, AYHEE
F AR e v, b — B BRI T B2 M IF R AN

13, It ZZEMRABIFNESHEREN

1.3.1. EEGHYIARUNEERNX

FEBRIE 097 T B iE 2 W SR, ARG 2 7h 387 LA R E (4 08 o HoA
R RIH N EARL 5 S TR BE 2GR B va LAk 7 ThT L AR IR A, 78 “ SRR T R IR R
SHINTR ST, ACRAEEME . BRI, R SRS, R R R PSS TF RS S
HNATHEE[LL]. | HORAE AL G AR 254, (R ERIRPR R A O BT 4E 7 5« BRI FE R, T i
REGEENEAR. ZIk. 85 2OLRSEMEERSY, AP PLEi. Pk, SeEfMEns
LA F[12]. BRE TR R, TR SRR fedt LS B 4507 TH R H Ry
MR B G2 T B UAE T, BB R R B T BB S L SRR AL, L
e PR B SR AERL 22kt TR T 2GR SR h B B AR R . WK 2GR 2B — DB I3 SR, RERE N
RGN ER T S A BAER, AL G 2B T2 it T 5 7700 T -

13.2. FEESRBGTTHARAITR

BUARER 2 H A i = 77 280 DI AL PR s RE S [0 36 77 2500, I PR DL 97 SO 5 DU BHAZ 3l 9 ZE Bl 991
BORATIR[13]. PR ES I6 T LA A IEARER 7 ARKIGTT SRS X S B R R T 17« - BRI B 1R 1 2R 1 R
2, AR 60%H) 8 BT AR AR U AF A B B LA - BRI, (Rt UA SR B A i, Bk 78 B B AL
5 £ SRR ST LA AE B SR il 2 —[14]. T Mg (isl) 48 S Je 8 MESh 3R 5 34 11 AR s R 5 )
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SHEB ) TRE, BITHRETAMZ —, BAEMNENR. 8%, P FIRPDI. BT HLERE
P, UM DSR AT — BB E N B TR IR R AR & R4 60%, AT rHEA
e EZ 6 £, Mt KT 2 f5[15]. Hom R R ZE 5 K AR il 25 E R L, /KRR & 6 B 1 DRI B
B, &SRR [16]. ) HhOR 2584 Hh 0 R T 14 B 1 (Earth Worm Active Protein, EWAP) & £
VENG. W R METRE S MAEYNS IR [17], BA PRI, Pier4Eil . PUANSEZ TR
FRIEFI[18]. HEA KA E AL B (Superoxide Dismutase, SOD)II &A= W44 A e 1) B H 3L 35 B 751
REXTHTE HHEE, TEAESE NAASE 2 . TR0 &5 ) T R #E B EAERI[17]. T o R A I e 2 iR g &
BT B AR . I WK A TR R ) O B A A R A AR SORNE S, B
% T LI T LRI E (4 43 AL

2. 5 HZE
2.1. MBHBFFTEN SR

IR 28 24 F S 5 A v o R R P TR . Gk, B TN LEOR ARG B R K R,
PR 24 [ 4 24 PRSP OGBS FEAE B R . DR, FH P AT A 1 RS k. BATMAN-TCM2.0
BT 2024 4F 1 H AT, A0 EELA . R PR AL 17,068 TR R 2]y - #E AR EAE
F(Ingredient-target Protein Interaction, TTI), % 1.0 liAE N T 62.3 £, 1 T2 230 /i~ m EEER TTI
[19] e B RRAS ) B ZEEHAE T35 1 BT 500 2 DR IE A R 2 i () e m) R M e, FH P Rl DU N5 A
RIZEFRISFERFIZ, POk ] Be Xz i A R 25 53 [19]. TCMSP (Traditional Chinese Medi-
cine Systems Pharmacology Database) {f: v 5 ¥ FH (1) ' 2 R e 24 B 250808 e, fEAG S8R 29BN 115540
B S TN S5 7 T RF T IZ B PR T B B EWEE. B A2 REN %28, N diin )
G AN A TR BRAE T 4T R B SZFF[20]. TCMID (Traditional Chinese Medicine Integrated Database) £
THGE TG, KL T ETT - By - R 2 4EREK, W] B2 DrugBank T OMIM 5[ 5 144 £
e . 2B P AAE T Ree A b 25 5207 WU RIVE RN, D S AR50 IR T R S8 (1) S 2%

B 7RI 25803 P, 3l F I AR 2 22 B0l e R AE AN T ST A 5835 . STRING #5378 1 1 B A
FAE ML A 7 T RF SR, BT iR & 1 S8 2RI B U ELVE R B, AR T SRS R )
FEAERVE S 545, DisGeNET ## 2 £ 1505 - ik R SC IR EE 77 ANy 78, A A DGR DR (1 RO 4 41t
THEERRE. B EREEEARKR BN 2 B 225 500 R T HHLE. POINT “F&# & T 2HY
ZZM . ek FEVE( RWR 5%, IR 2% ] DTA/DTI BRI AR RS, R R4 — 5k
NS B2 T IR S . 1% P S IAIH ZAAAE TR T 2 )2 WE 0, Be% [R] I =5 18 8 11 oT- 2 15
MEAER . R, REHERESEZ A EHNE R

2.2. S FRHERARE S EF S

O TR AR I 4% 24 B 2 00 S0 R I 25 ) - S s AR EAE I B BT B TR, T TR
RPN SHRE . SRS A 7 5300k AutoDock Vina 15 Ay i F TR 1 5 Bk
PR, H 1.2.0 BOARTEARZ QB2 F0 7 FUE 7 A T BB TR . AR DR AR b e B Tl i) [ b,
EPEE TUPEACR, JRESR T H P AT R 21 B SRR ARG AT IR, BENE T8 4RI F AR T SEAL )
ZAGALFR RS, KIS 50 $E ] . PyRx /9 AutoDock Vina B AL FLIET, 34 1 580 A8 i P A5
B SR PR AR AR, GRS THUCTE . S ESEORE . SR SRS, Rt
T EWL AR A T S XRS5 B [22] . Schrodinger B AEAE Sy T R AT — B AL TAT S Hh AT
2025-2 fRA Glide #EEL5I N T Z WU E B . 411 Glide V4 B e 7 XRS5 Active Learning
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Glide ZhRERENS T HL 4327 S Sk H NI 24, SE iR s Python API SCHF AT I REAS 24 S
VA E S AR R, SRR 1 ARG o 70 1 XA K D RE MG SR AR BILAE 45 SR 2 AR AL 7 T
BURBAEA DR I T X805 2y, RRETHSEAs B thfe. BEATREE MMM TN SAEass . XL Thig
ONERFRZH) - HE RO AR IALHER AL 7 = I L

2.3. WEEMRS

WRAEIR RARZ[23] BHIOL [24]F1 R M [25] 58 A o0f 3 Je 4 4 8 77 5 2459076 208053 IO 045 H DL BAR %
gr: (1) AHLERZE: TR, WIhER. AFAMIER . 13-C-RilR. MERIR . TEIR. 10-WF FHJE-12-C iR HiE
F2[26]: (2) HRAERS: O ER A NEILR (o) AR AMAR AR, HIRES BRI E IR ABER . WE
B RER. KA. WER[27]: (3) WEEKII: WHIRME, RIEKR, EIES . R, 5
. ey P, 2-BE ST, R, RTE[25]: (4) EES. i 41 A B (earthworm fibrinolytic enzyme,
EFE). 15| # /i (lumbrokinase) [28]. M| i i & [ /i (earthworm collagenases) [23]. -l ] £F 7 Fifg Al ]
BT 5, ARE H A2 IR 2 1R R [23] 5 K294 A MK S8 45 Al % v AR SE 58 I, T 2 b 2R
H, BT2fZREAN. Fib, ARSOBEXE 1P 34 TE s 3T 58 [23]-[27]

Table 1. Active components of earthworm

=1 REMRS

5 E22 S el
1 THIR[26] oleic acid
2 LR linoleic acid
3 R R palmitoleic acid
4 13-C-flE iR tridecanoic acid
BHLERHR
5 BEARTR stearic acid
6 TR myristic acid
7 10-V7 F3-12-C |2 10-methylene-dodecanoic acid
8 AR lauric acid
9 B IR[27] lysine
10 Fha iR arginine
11 SRR valine
12 Fri SR proline
13 B EBR[30] glutamic acid
(BT ES
14 WAR alanine
15 -2 TR gamma-aminobutyric acid
16 HER glycine
17 RAT % asparagine
18 227 R serine
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19 TRE R threonine
20 TLEBZ[30] [26] leucine
21 AL R isoleucine
22 PRI WE uracil
23 W4 [31] hypoxanthine
24 BN xanthine
25 JURPEENS adenine
26 Ly g ps guanine
AL S R
27 5 guanosine
28 JilINEs inosine
29 2-PAE S E 2'-deoxyguanosine
30 JiR T adenosine
31 RE uridine
32 W ] 45 g earthworm fibrinolytic enzyme
33 15 g [28] lumbrokinas 2
34 e s g Jis £ A earthworm collagenases

2.4. MEEHIEF

24.1. IR ERE AR

7E PubChem %tz SR E ) MR 85 A FTS M R 2 1) SDF 25 #4088 mol2 2544 S04, Ff# A Swiss Target
Prediction $4f 227> M4 AN B 20 Bovt B2 A #E £, A Probability > 0 Y0 bRt 2 BICEE XS R 40 5 . 5kt
JIT A B 5 () AR ARE Uniprot 28 ZE LG AL, 0 FC0E - B 23 PRI AH BB s 24T AR HE AL b B2 . 32 ] Cytoscape
3.10.3 % “Z5%W) - WEVERL Sy - B 4R .

2.4.2. NEERRTREE mFiE

@i GeneCards t#E &, LA “Sarcopenia” . “Muscle atrophy” AS<8#ia], #6235/ REAH I ATHE 5,
TN Excel s HLA 563 MHCHE, Mk R HHE 412 4>, FlA 7595 AMAHIKEED,  BI5E ML/ E AH
RIS 0 PR B B0 A A% B Venny 2.1 B4R BT 15 21 PR & (1 AS SR 55

2.43. " EARWAN D EREE S FE
AT Y B A RO B RO B S RS 4, 15 3RS R HE R ] Cytoscape 3.10.3 B2 “ 254
- R - R IR

244, I HEERRENEXEESEREEPP)MEERE

BEAZEEHE SN String BE FE [32) M @A A 8 B FH EAE M4, BREYIA N AZE(Human Sapiens),
WHEBEEN>04, FRIEL A HAHERR, JFERICH AR IS, HIRE N E B BAEK R string 251
BRI STV M S-S, il STV A% U SO N Cytoscape 3.10.3 B AF3EAT T AL 234, 15 31) Hh
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WEAVRITNUDREREL S PP 4%, FIH CytoHubba, MCODE {47441, 408 S8 E 46 & (H
(Degree). i51%53% 414 (EPC) M K H H L (MCC) o B AN[F] 73 b7 7732 20 Hse i 4 45 _EA% 3 Venny
2.1 AR M A3 BIPI & IS 4 55 . MCC £ CytoHubba H1 H.AT 58 & (1 7] {5 £ [33] -

2.45. o FxiiE

Wt BE T2 73 5 PP 2 o e 21 (1 SRR R HEAT 43 1 X B 50AIE o 433l L PubChem #5048 b 4/
43 T2i%) SDF #1454, M RCSB PDB %#i & #0851 = 4E&5 # (0 #8% < 3.0 A). PubChem %45
FEVEN NIH JER G52 A5 B IRE, SR 1A & 450 K AR Yris v 40E ;. PDB £l 22 2 [E br
RE 25 1 o7 = 2 45 F R R

F PyMOL 2.6 BAF[34] BB FK 7 ERRIEA A A, RAEASEMHE T EE. Kb
7y T AR Chem3D 20.0 #E k47 fig B /MECET MM2 34%), F%it mol2 # 20, FJH] AutoDock 4.2.6
B[S HAT IR A s 42 . X B AT 20K, INEUR 7 e B AR, B RS
Al AR R SE . SR AutoDock Vina FVE[36]1H 545 &g, 1ZHVESE T SO Vo BCRIR AL S, 78
TR FNUERR I 7 AR T4% 88 592361 e Ja A PyMOL 2.6 #4[34] 34T rT AL 04T, A2 itk - 32
WA AR =4 .

3. &R
3.1. A EEERER A%k

L “Sarcopenia” . “Muscle atrophy” Ak Zia7E iR GeneCards $4 e i BT K6 2 AR AH S 4 1,
ZH G H] 7595 AR SCHE 55, R R A SR R S RS B, A Venny 2.1 #il/E Venn Bl &S
H A B AT 179 1S

3.2, MR EEE S BRI E LRSS EIEPP) MK EE

179 AR AU\ STRING ## P (WM IR %€y Homo sapiens, A5 5 BI{H % 9>0.4), I EH
i - B AR EAE (PPN M2 . K i TSV #% 308 5\ Cytoscape 3.10.3 #XAF[37]3#E47 M 25 nT 44k, 3R
13T o B VR TT UL RE R 5 PP 4

K H CytoHubba %2 MCODE #difthi3:47 X 28 ¥ 41 2% 7347 » 1% 2 B (0 45 B2 A (Degree) & i 41 44(EPC)
K KA L EMCC). Hidr, MCC #iE7E CytoHubba o B B = B Al S (1 1) [33]. A ERINY
Wi it s o s AR 2 Venny 2.1 “F ST B, O SEHE s v HE 4 BT FLAL AR O BE S, 23 0R
ESR1. IL6. EGFR. GAPDH } BCL2 (/4 2).

Figure 1. Top 10 influential genes in MCC
B 1. MCC AT+ MmEHE
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S 8% evd ﬂ«’/é

NAY

MAPKS8

ESR2

Figure 2. MCODE network diagram
2. MCODE 4% [&]

3.3. PFIEER

K TR AR OB A CRRRR . BRI AR I K 05| ) 73 5l 5 PP I 45 i
W 5 MZOEEE F(ESRL. IL6. EGFR. GAPDH. BCL2)HHT X M. SHES KK E N: & 70k
F7(4.004, 1.823, =3.319), &1 /N~F#h 125.8 A, LILEARE < 0 keal-mol * 1AL A - 24 Fa e 45 4 14
Wrbnie, 56 REERMKER I AE FLVE F AT Re ek K [38].

W22 2 o, BT w545 5 (0 45 4 fie 241<0 keal-mol ™Y, SRR R 3 1 &% 2170 5 1 048 A 18 B R0
ST, WPPIESTZE B4y BAABEN TN ZE4ER .. b, BiERS EGFR 45 & Rem ik
(-9.1 kcal-mol™), FFTAEX AR TR IA G, Ptk En) sed ik # m H 4% EGFR KDL ZE S
RN GEARERAR AT 4 B R =M R ILE 3. BT BCL2 At £, Il rE A
JREE, Rk, RXE FH AT TR .

Table 2. Receptor-ligand binding energy
=2 BERZHSRAESEEH

&M AFR ESR1 IL EGFR GAPDH
SRR 5.9 -5.6 -71 -7.5
AR 6.3 -85 -9.1 -8.1
BEIR —4.9 —6.6 -7.7 -6.8

RS -4.9 -5.3 —6.8 -5.9
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A: WiEES IL6, B: W& S EGFR, C: HZEMK5 GAPDH, D: B[RS SCR. E B NEILRRIL N 4
FRACHD, #HEOELFRRNEAEES, LM RBERR.

Figure 3. Molecular docking diagram with the strongest binding ability
3. FBARENTRBHS FIHEE

4. 71ig
A 5EIE FH M 253257, KGRI T T OB & AT LA IR SE R LEVE FALH] o d i i 2 %
Sy - BEA - EER T W% K PPLFRANT, TR 179 ANASEERE A, IERIE ESR1L. IL6. EGFR. GAPDH.

BCL2 NIZLHE s 70 TR — IR T R B P sy S R S U S i 1, ) U s A LA
D RESR A T B AR -

4.1, Ik EB TR AR ERNZ DR RS

PPI W& # 70T ion, GAPDH. IL6. BCL2 S5 88 AL M w dt H I UL IR RE I 9 2% v BT 5%
FRHAI[39]0 1L6 VE N E B SRER -, FENLPIRDE B R A2 R e iy R My . — 7T, KA KT
(1) 1L6 FIEUE JAKISTAT 15 5k, (2R E A 5—J01, EREER IL6 Rk st s T
RANIEZ SVREEL] [14]. AFFEHT HkE A 2 MEIERA S5 IL6 Bon BRI H4s &%
PE(45 6 AE-5.6 £-8.5 kcal-mol ™), $R/RFLATARIEIL T 1L6 N5 M SRECA S RN R4 VEH

GAPDH 1E A B AR O B, T 70 R IS B VRS AR T M % 480 S B 1) AR R8T T k18] -
FEREZE RN, GAPDH )54 R ik 5 ARAA T REREG S A NI VIA G . SRR M IR A5 S 2
55 GAPDH 1454 RE$5<-7.0 kecal-mol ™, #27~) Hh fe 85 (AT BRI 1) GAPDH ot i #& LR &= AR
WEEL. BCL2 MENAMPUH T A, HARE N2 UL4H M T3 b0 i) S 2L HI[14]; AR5 BCL2
(R #4546 He—6.6 keal-mol ™2, 7R ) i e 8 1 n] BRid S 4 RF BCL2 RIA /KP4l LA f M T2
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HASFERENAZ, ESRL (MR 324K )l EGFR (58 B¢ AE KK 52 ) I 07 1ok A% OB s . ESRL @It
AT IGF-L/PI3K/AKL 15 5B EE ML R (A A Bl 4848 I oM LRI /D 8093 3R 1535 T v R S e R
KPR BEAE DG . EGFR W2 54 TR 4N 5 IUAF 4 T AR [25] 0 MR R 15 R B s A FL A FH 32
A FRT R 2 B P RN AL A R 1R

4.2. I BB T AR IR T RERILE 24

T B T TRUVL P DR RE T S 22 A0 BE U B R (R R AR N 246 o B RS 2 A B EE S R
R S (R I 28 3 B B, FRATIR A T —SE OB D) B Y 25

TEER R A T T, R SL3h 0 A 2% ¥ 2 11 (Mammalian Target of Rapamycin, mTOR) & #x 5 2 [ #%
DT . mTOR EN4HH N E FRFIRE ERES K245, 81T PIBK/AKUMTOR 15 518 B 2 5 R & -
WL, = B A5  T5 E AL TR A ELRE IO mTORCL 13 5@ K, X LA A 5 & B BT 587 [40].
THURE A E & SR EER, Rl RER. AR SERS SRR, X R AR AT ReE
H MTOR @M E QA . fEEAFEMITI, VIKNHFEEE 1 (Muscle Ring Finger Protein 1,
MuRFL) ML ZE 45 F-box & [ (Muscle atrophy F-box protein, MAFbx) /& /5> Se4 1) E3 72 i HEE . X
MEAENWNZEg ST RS B, @2 R - EOMERGRENT RO ER. W& 2R,
I3 e B 1 R] BE R I ] NF-«B {5 5@ 8%~ 8 MuRFL Rl MAFbx ({12635, M /b LA & 19 16 B4 fift o 7
RIEPAFE T, TNF-av 1L-6. NF-xB 25 /& JCHET  o WEFLRI, 181 JORE A& LRI Jel /i 117 22 B R g AL
Z—, TNF-o Fl 1L-6 55{2 % K1 REUS BUE NF-xB 15 5%, (ZENIAS AR . i e E A A REK
Ui, BROEHNH] TNF-a. 1L-6 5 AE R T RIRBER[12], X ] BE & H A7 WL I RE 1) 38 AL 2 —
FEAARIOT T, SOD. CAT. GPx SEHtA B BB fl. A BLIE LA 52 2 AUL PR/ 1)
ARETREZEM. THREASHFEERNPEARS, REIERERE, REailiEitEge . X
A REE BT ORAP UL A e 32 B, 4ERFNLIN ZhAE . fERe AR T, I S AR S YD IR0E %
A& y JLIEIE T 1a (Peroxisome Proliferator-activated Receptor 7" Coactivator 1a, PGC-1a) & £ ki A4 M k A
() F LRI . AR, PGC-la Ki& N ESNIRB/RER IS, | Hi & A v fed s Eid PGC-
lo RIS, (ERERRRAEYIRAE, SRR R

4.3. KEEMER S BERHBIERT

AW FEIRLER] 34 Fh R FEPER S T, FIERRR U R RERR . BER . A EIR) K Bl 2o
S0 Rz A RERIE NSRBI IR, & mTOR (& 5B B OGS 7, " A%
TEHEWLEE 1T A Iz R - B OB R PR 1e[26]. AR TR E RS GAPDH. EGFR 45468
535 9—7.5 keal-mol™ F1-7.1 keal-mol™, #&73L Al Gl i 2 ¥0 SObh R 3 s AL & AR . R
TEIER, MMUREATERIIIEARTRL, 655 R0A B ASWIETE27]. HE RS IL6. EGFR [
E & Re 0 IS E]-8.5 keal-mol™* f1-9.1 kcal-mol™, NFTE XL R MRMAE —, R sedEd
FNH] 1L6 A5 10 28 i S5 B K it EGFR AH G F A8 B R IE DUV A EH « BREFRIE NP IXMIE R G
PNLFEMZILIR, TS5 E NI - IR RAIBORTE; 5 EGFR MRRES A5 (-7.7 keal-mol Y)$2
71 A REE L A 22 - WL A Sk T A N0 SR ML TG IR o MBI BB 1 ) b IR R A 1 2R B R 2y, L Pk
TR AT R 55 2 A BRIEPE[25] 0 A AT 7 DN 45 K B 1) AR AT S BE R 45 2 by AEL A F 7 3R B s e T
I SCEAEER . AN AR G E L, JEIE I TS TNF-a/IL6 28 AR L 22345145
VR EE AR I A rh B P24, 5 EGFR. GAPDH 1387 Y rh 25 gt B 48 A i i, e BRI 53k —
A IGIE[31]
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4.4. SEMARBRAXIEL S

4.4.1. SEARR=YRINFIELE

AR, R fF T RTE R IR IAE LA A RE VR ST R RIS o 5 HAd R AR = MO0 Ly
A, BATTRT CUSE G 3 B M0 B B MCRE O SR A e AEREYIRIR I R AR =05 T 2R 7R S
AT . 3 R AR RN Y RAFRONLA GRS o SRR3R U & LR R, eI B4 & L,
BB R . Al he s BAT RN, REs it Pax7 FHPENL A NRRM bLpl . =58 3 i 5y
NF-«B {5 5iEH, MHIRAERN, SELIATIRE. SXSEYSRIAIMLE, | E A e T HaE
FERRALCE N AT, BEWS RN 3R AR 1 B A AR JEUREAN 22 Rt AL T AP B o AR PR SRUR O R AR 7 T
WS HAEE E -3 IR, BABIRANLARIER .. TR, o-3 IRITIRAE % 1] NF-«B
GO, MR R TR A SIEEERIRI AR, T e R A RIS TS A E S R
RIEYE RSy, BIEE AR 2k, BEESE, (ERINLEIE M2 Rk fEa AR 7 T, PR 1A 55 ot A 1 i
IS RIEMERS, SCENLATIRE. BRI, FLER I REWS BRI KAE R 5 TNF-o /K, BEIFTR T IL-
10 K-F, FIRGEBATEMIER .. SaAdwEmte, | E AR T HEREN TURAN, FCR
AT RE SN LA . AR HARSIYRIRM R AR Y5, IR AR . LIS R A AR LA E IR 7R
o IXEEHET i B SRR AR RN R A . 5IXEE i — i R F A L, R
RS AE T H R EIME 2, B TIROVEILIR S, &G 2R AYEYERS Y, BAT 2 AL

4.4.2. SMR LR R B ME

BURZGFE R A DL A RE 67 75 T T e 1 22 Bk, 1) oI 2 (1 P 70 A D ak S Bk AR 146 1 37
BRI SRS o FERE BT TH, BRI R AR AT B — B0 s D B LN, T o R
R 2B IR PR IEIRIT R o IR0 22 B8 2SS TS A T WL PRIk E 3 Rl & 9o ML 2 24 )
Pl o WHARW, LR REDS K B 15 & BB AR AT . AR BRI, Re RIS 55 2 A 3
R, B A2 A L AT i3 X SR B AR AL . IR T, DR A R Z RIE R, 5l
R RMM BN R . ML R, OB E NS 2y, B RARMR L, et
MK AT TR B, T MR A A AE S0 b R 5 RS A B EE R A E ) S AR, WA S T e A E[41].
RG] R 5T, BRI R A s K, Wik &, B LURSZ. | HORIEN
FARFEW, K2, A BAR, BAELFRT k. fEMRMIRIT T, BRI R A b
WHIEIT 77 %, MELLIH R AR R B AMEL T K. TR T LoE e R R SRR, 5 hZg
IR AT, SEBAMAIRIGIT . EZIT R RIS T T, | R ER (IO TR 25 R AR A T FL
LR . EILIRAHE AR FIHLE],  FRATTAT CLIR H G5 ) 2 R s RV AE AR A, NTF R B LA g
FEIRTT 2SR (R SRRl . (RIS, 7 MR R 1 v ) R T R 2t T B R AR 2 M A R e Sk
EEAT ARG FEIRITRER T, TR R (LT SRR T R R S A TR IT . K R R
SIARE NSNS BIRIFFERIT TR S, WReFED RSN, IREETECR. XMEaR
JTREARER T WL A IR 7 I R R 7 1)
45 I HEERANARVENAESHE

MEBETOWAEERTWTE, | HREARA MRS S 2 A FR S B, k&R
R RIE, SRR S RAR S B, B85 A\ UTHEERBER, HEAREDNETHEY
HEARIE. FK, T H R 1 (R B A ] R 5 A v T T R R B S S AL A R sy, TR R
B - B2k - 7 2 MRIRIENIRGSER . b, 7 e A e RS2G4, BA KSR
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wAVEEA, TR AU K TS 7 F IR K .

AW R Mo 8 AL O 538 L JOE TR (IL6) . RERACEI(GAPDH). 418 1-(BCL2). &L
5 (ESRL) K4 Fi A= (EGFR) & £ MW A S, RBL T ALy RS . ZREERFES. X—
o 2t i 4 AR 20 AR 2 0 B — B RO YR YT SRS T i B, LRI E (R 56 T Tl ik 108 % .

4.6. MEERRSRE

AW FAAFAE— 2 SRRk 155G, W4 2B 36 T DA B P R S 1, 0734k PR 3l 2 o B o5
T AR S0 I S8 AR N B SE B AIE . BT TR VIR, AR D TN R ] Akdid 5 EGFR
BUEEIX Met793. 1L-6 Ft1fi Argl79/182. SRC fi#ft s Glu310 55 X H kAL iR e VAR BAEH, RIFEZHE AT
WEAEH . R, ST IrE ARSI RRME, AaTs RN B AER TR, AR 7 AL
IR E MEREIR . KRR T 45 & MRAR . AW B RAE K B3 5h 11249286, 0 BB HEAT M A8 36 AIE,
DLBH X 2o 58 B IR R A S B SEAE ML . R, 70 PRHE B S 45 6, REERBEISR
A RN E R . A, OB E A BRSO E . 45 2507 K 2 PN R I R A
HESE.

JREEARSK, | bR AR A TE LRI VAT AT E A T R BT SR OB . FEIR R R T T
HVOFRZ 0. BENA BRIGIRIRES, RUES O 8 A T oM 2, el 5igahllge. B IR 3CHF
EAEGIRTT F B BIURI S FENURIR A, B UCR A 2 H SRRl EAAS. RS
S)VRNSENT ) MR I E AL, IR A OCEE  AE AR B RE R SE 5 FEZGWTT R DT, EUGE T
bl E B VR LAY T RCR BRI 254, BRAE NS S G AT Sk A . FEF AL T T, B
SERREAGBISREL . Alifh . EEIAR, FFREEAFABAHFER. TR EaEN A2 E
DI R R R =, TENLRIRA S VR YT R I BRI 77 e o 28 24 3 S SR ILARIE 72 7 VE IR N 53
BT, FRATATI 7 HAE L], AR IR BT SR PG B 45 AR T St 7 B . pEE
WA WIER AN FNE AR AWTEEE, | O 8 A 2 RO WL AT RE 16 97 S ) B BT, A ERkE e
At 2 1) i B =l A R TR

5. &

AT FUAE I 9 2% 24 A2 D5 A TN 1 e AR 8 2 Ry U RIS IL6. GAPDH. BCL2 S840
s B A RE R AEN L], i — AR Ge 2 AR BRI BRI B gt 7 Rk K ds . T Hoe s AR
A A ARARDT . E S EYIE R B RARBIR, AEWLAERE E SR T TR ShRE R R OT AR BT
il P S FH I

EHEWH

TR 2 KR BT ZRT R E (B R X ) “SEF PISK/AKE {5 5@ BRI |t e 8 1 4%
LRl E /N BRL A ZE IR BIL A (S202410600148)
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