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Abstract

Cholangiocarcinoma (CCA) is one of the most aggressive malignancies of the digestive system, char-
acterized by early local invasion and a strong propensity for distant metastasis. Current therapeutic
strategies, including chemotherapy, targeted therapy, and immunotherapy, remain limited by subop-
timal efficacy and the development of drug resistance. Curcumae Radix (Yujin) has been clinically
used for its anti-inflammatory and antitumor properties and may exert anticancer effects through
a multi-component, multi-target, and multi-pathway mode of action; however, its molecular targets
and mechanisms in cholangiocarcinoma have not been systematically elucidated. In this study, net-
work pharmacology integrated with molecular docking was applied to identify active constituents
of Yujin and cholangiocarcinoma-associated targets, aiming to explore the potential molecular ba-
sis of Yujin as an adjuvant therapy for cholangiocarcinoma. The analysis identified seven putative
active components and 276 overlapping targets between Yujin and cholangiocarcinoma. Gene On-
tology (GO) enrichment indicated significant involvement in biological processes such as regulation
of protein phosphorylation, signal transduction, membrane-associated functions, oxidative stress,
and responses to xenobiotic stimuli. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis revealed that the target gene set exhibited significant enrichment in cancer-related path-
way networks, primarily encompassing the tumor necrosis factor (TNF) signaling pathway, the phos-
phatidylinositol 3-kinase-protein kinase B (PI3K-Akt) signaling pathway, proteoglycan metabo-
lism-related pathways, and the advanced glycation end product-receptor for advanced glycation
end products (AGE-RAGE) signaling pathway—all of which constitute critical regulatory networks
in carcinogenesis. A protein-protein interaction (PPI) network was constructed using STRING, and
core targets were further screened, including MAPK14, BRAF, MMP2, CDK2, KIT, and AR. Molecular
docking demonstrated that key active constituents, represented by naringenin, could spontane-
ously bind to these core targets, supporting a potential multi-node synergistic regulatory capacity.
Collectively, these findings suggest that Yujin may suppress cholangiocarcinoma progression by mod-
ulating core targets and coordinately regulating TNF- and PI3K-Akt-related signaling and MMP2-
mediated invasion, thereby providing a theoretical basis for its potential use in combination with
standard therapies as an adjuvant treatment.
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T8 R G085 WL B A I SRR R, A T P P S e g v JFG A 28 A T Il e, s B8 [ 1]
EREREMZ, CCA BRAREMERM . UG ARG S 2 R B EIRRE . IR 115 R R IR
ZHRe e, BV AL B AR BT S, AT PR TOUR I B R A WLAEJR (2], TR HE
ME— IR BT B3], (BACEH T/ R IR, hTEmREE, BFEEMZN LT RS
KA R LU EE 70%, TTEFAR, TFEAEFRTRKT 5% [4]. FARVIBRIFEH 12 E K
Wdr, HETERBR G, HERETFEAAER) AT 10% (5] RT46K 2 BAS AT UIER 1) J5 #03
BRI R, BT AR A KA RIS ARV iR, 3 PO A IS IR & — 27 5 58 FEVF 2 IRl
PESSHTWETEH 29 30%~40% IR E e B F AFAESE R R 2, IDH1/2 RAEAN FGFR2 fili e A2 fie i UL IR vl T 245
YR IT WAL AR (6] SRTI, R i B e 58 110 b eg S Jo M A B B AU PR AR 156 71, 2 R ERAS 1R i 24
e R B AR, FEURIT RCRA IR BT AL A . BRlitk, A 0BG PR R MBI A, TR
BTT R B 254 o

TSR, & #j(Traditional Chinese Medicines, TCMs)7EH & & (1176 9T P IS B 897 30 PR EES
HARMFIRBIIEREX—R4, (A2 “HE” ‘M7 “MJE” “BR” “mE” “BER” S0
WH[R]. A FLE I Meta 73 R R AILIA T AR <, AR SRR, SBURARIE R, JoIHEARSM S,
A RCEE, ARAEARGE, HABRAEREE9]. b, MR EEEs T LB, . JE#. FIE. BN
F. A4 (Curcumae radix) &% 2E E 8 (Curcuma aromatica Salisb. ) H A 3 P32 ) TEEIREY, A4
HAMICHE B E (AMER) , EREFVNHACIERGE 5O CUEBRARSS . FIIH DL R S E )
BEIR . WA DACZ B2 A WHR N, #E— D R IUAR 528 5% Z P 25 B0 R, I DR 47
PULRIEM . BURET S PUMAR TGS Z AN T . RN, & R % a8 it H i ek 40 B i G5 . BELVT 40 AR 1
53 I 0 M 5 2 M AR R A, A RBORERPUMIREAER o [10]. 28T, HAENRE BT i B AL
Hil A B, BT,

AT 5T B WX 2% 2 B 03 W1 5 0 TR T v, RGEIR RN & T TRUIEAE g 1 SRR B o R FLAH A% 015
SR JREMCIRAN B S U B AT PR, DU BB AR LR, AT 9 E A g A
HEILTT RGP 50 B SV I B AR

2. HREA*
2.1. LIGHER SR
WX 2% 24 B 2 55 0 F S T i B IR FEE R S B m W& 1 55 2.

Table 1. Database information

=1 BEERR

Hd e Wik
DAVID https://david.ncifcrf.gov/
GeneCards https://www.genecards.org/
PDB http://www.rcsb.org/
PubChem https://pubchem.ncbi.nlm.nih.gov/
STRING https://cn.string-db.org/
SwissTargetPrediction http://swisstargetprediction.ch/
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Bk
TCMSP https://old.tcmsp-e.com/tcmsp.php
UniPort https://www.uniprot.org/
Venny 2.1.0 https://bioinfogp.cnb.csic.es/tools/venny/
WAL https:/www.bioinformatics.com.cn/

Table 2. Software information

=2 BHHER

BAr [l
Cytoscape 3.10.2 http://www.cytoscape.org
OpenBabelGUI https://openbabel.org/
PyMOL 3.0 https://pymol.org/
AutoDock 4.2 https://autodock.scripps.edu/

2.2. SEWFE

2.2.1. PHEFYA TR IFESUEE

T2 KRG HF B (TCMSPVEUEE, REGRER HArH ARS8, A 0 RE
YIF| F F (Oral Bioavailability, OB) > 30% H.254) 2 214 (Drug-likeness, DL) > 0.18 F1 00 R {EL 7 it e, XA
RITAR BATIE LN S, RAHIE & LR 230 1% S BRI A 2 U N 5 2R S A
e S

2.2.2. PHFYRSMEABRKE

£ 2.2.1 Wil TCMSP H4fs B & JF 45 & SCIR B BAR 3 h 25 RO oy Ja B %% B IO
PubChem #{## /2 DL 25 1f) Ho X B[] Canonical SMILES. Fifif5, 3R1S ) SMILES 15 B Al S NN L&
YIREFR T & Swiss Target Prediction, X #&47 XUy TR AEA/E FHEE sUdEAT T o K TN B 434 s 8 —
SN UniProt 3 58 libr 1 3 K % (Gene Symbol) KIMEVEALEL e, FE0tE R T LESILR, REARE
H 2 U LR R SR

2.2.3. REEEEE B SUAYIREN
1E GeneCards i 55 % ', LA “Cholangiocarcinoma” A Z A #EAT18 2%, SREUIH e AH 5 B A5 10
KRR, F N LGS RS, T RE AT B E e 5 A OB U

2.2.4. PASEERIZEHEANFERAERELST

KH Venny 2.1.0 ZER /M TR, XF 2.2.2 F3R A 2545 HUS 0 ¥E A4 5 2.2.3 v 38 7 11 JE 5 Je A ¢
B AEHAT E A ST . RIS ERIB S EE B, i % T 22 dh 24 - E A e vE /e A S A5 0 = BUA
PASZE AT AL FE R o
2.2.5. EH - EBEEPPHNEE

4 2.2.4 TR A EERE ST SN STRING $¥5 2, 7EA 27 A iE+ “Multiple proteins” , ¥)FH R E
A “Homo sapiens” o 121771 JE SRBUCZ M SR - A HAEPPYMLS . fES B B H/21E “enable
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3D bubble design” PAEIL 3D 55 FE, FAEH “hide disconnected nodes in the network” DA i ¥ 2%
ARG AT SORE R B ECT Ao ¥4 PPI WS M i ¥ B BEAS 7 UE R E 9 0.4, IS EAER SR SN
TSV #g AT
B )5 5 ¥ TSV U TN Cytoscape 3.10.2 BRAFHEAT WX 48 v 046 5 36 45449 204 o £ B CytoNCA Ff:,

DA 55 2 O M (Degree) o MRKHE X5 mUR /N o BUEO IR B B0 02s I 2 kAT I 288, ) e 08 o Pl o) 2% 2 2 51 JE2 1)
SEAALERE, A S RS PPT & LRAF N Cytoscape JRAMG I F . #— B F)H Centiscape 2.2 #i
it S A Hp PE(Betweenness) s %30T H 0 1 (Closeness) M AFAE ] & HH U (Eigenvector) &5 fa b, DASEEA
X PR 28 P FNFFAE 1K) 22 4E FE VP A o 528 LA Degree. Betweenness 5 Closeness A 2 -1 @ 1% 00 AL, FF
2R o BE 5 IR PPT Y250 R

2.2.6. GO ThEES KEGG EBREE S

¥ 2.2.4 WFAER LG - [HE A S SN DAVID i %E, MRS H0E N “Homo sapiens”
SERUZAT I 313 GO TRk X KEGG g & M4 L F, 5 IR ZE Excel T I 0 5%
B, ARBFFLL P<0.05 MENEZE WA EbRHE: 72 GO BHESTH, AN EVLIFE®BP). il (CC)5
I3 T IIRE(ME) =24t Fh i ik m AR EE HEA 1T 10 945 H s 7F KEGG BB & 50 H1 h $E U 25 HE4 A
30 KBS VENE S EN R . BTk g Bk — 0 L EMAG LT G T LR, SHlirnEtl
s SRR BEE X AT GO ThAE SR K S KEGG @ B <t BT RG-S i .

2.7, “iE5 - FRARS - AR - R - R IR R

15 2.2.4 TEREUE R 26367 I OB AEAE FIRE SUS , SHRHE 2L DB, RGBSR A S 4
R FRHE B B SIS RO BB 25K L Exceel A DR “ 4125 — A1 4R
Gy = SR - (5 SRR G IR, A MR ML S network xlsx (14 % 5 20) 5 type.xlsx”
(REEAHH). Hf B MR S\ Cytoscape 3102 §kf, HIEATHLIL “ o2 - sy - ¥4 2 RG
S, IFIZMT CytoNCA ST 54 1 IR b Degree) i, LG 0% 4D 722
5535 W 214 5 Degree fHAH<.

2.2.8. FF¥HE

KRG 2.2.4 HAZERFL R PPI MR R Hh 2 T 85 R, S U 0o (Degree) 7 11T 10% 148 5 AF N 70
TR AR Rk IFEE G 2.2.7 WHIERE 2y - GRS - FEA - R - R 2 R R,
17 17 [0 2% FEE AL 32 25 v T I ) SR U o VRN ICAR 43 1 2R B 1 I = 4 25 4 (5 R I 2 1 5T 45 M
P& % Protein Data Bank (PDB)#RHX, 52 BR & A5 T A JS(Homo sapiens) ) i iA 4540, I FEAHN pdb
A BUAR ST I =4E458 B PubChem %04 B3RS, 1@ A& H CAS SR 3D 4544 9 F 4 sdf
F AL Bl S 18 H OpenBabelGUI K HC A sdf ST # oy pdb #8 2. # 324468 1 5 BCAA /N1 pdb 3
fF N\ AutoDock 4.2 FAFHEAT RHERTALER, 56 RCALEE J5 TF e 7 FRHE IR IRAE R A5 R . 2%, P
ST G XIS R T IE R, FEIERE PyMOL 3145 3244 - e &b A k47 nl A4k 20 7

3. 5%
3.1. REPHRBEEERIES

AHWFFEAE TCMSP #4582 PubChem (35 2. Swiss Target Prediction “F & %l 4 #EAT B 73 e 48 A5
Mk R 5k, L3RG 7 B R Z0E R0y, 307 MHICHE S . {5 B GeneCards Ffi 4 2, SREUIL 8878
ol 55 EL A e A O P R AR R

DOI: 10.12677/acm.2026.1631066 2664 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1631066

(RS ORE E

3.2. PHSRFRIZEERREEELST

KA Venny 2.1.0 fEAL TR, K5 3.1 1T3RAHHIHE G RURIT A 307 AL RS 3.1 1582 Y IR A
KALRIGE 8878 MBEATAIR M, B THAG P25 - B SRR 276 A, WL 1.

Drug Diseases

Figure 1. Venn diagram of the intersection targets between
Chinese medicine and cholangiocarcinoma

E 1. hH5REEREESNERE

3.3. PPI &3 5088 = Tk

B 3.2 TR A ST STRING 7EZRHUHE e, WM& E - & A FHEAE H M 4% (protein-protein
interaction, PP)JF AT 44 2B, HATHALZE RILIE 2. 3N Cytoscape FAF 58 it — 0 1 25 rT 4L,
DL 3. i i e AR AR N4 ], L] 4

RG] 2 5 3 FroRIAC 440 s PPT IER Lt RefiE: 4805 274 DT 5 3683 ki, 7 4 1,
Al 32 MZDEE S M AR OS A&, Hh MAPK14. BRAF. MMP2. MAPKS8. ABLI. PGR J¥{HHE4 B
o, HAS H AR AR B AEF SE5R, Degree 434 64+ 63, 61, 60, 58. 57, WAL Z4iGIT IHE BB LE
VEF#E .

Figure 2. PPI network diagram in STRING
B 2. STRING H#J PPI 4% X & [E]
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Figure 3. PPI network diagram in Cytoscape
[ 3. Cytoscape H#Y PPI [H4% % R [E

Figure 4. Core target PPI network diagram
B 4. #D#m PP L X RE
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3.4.GO ThEE5 KEGG BREESH

W 3.2 RS AU N DAVID B T B AT, LA 1290 SRR E MK E % H,
HAp Yt FE(BP) 829 45 44 43(CC) 99 45+ 7r T IIAE(MF) 188 %, KEGG i 174 k. LA P <0.05
i FETRIRRRUE, 2 BIHRE GO 20 # e BP. CC. MF =545 1T 10 MNE4HE%H, LU KEGG i@
ST 30 2R E EEEE, JRKITELS R I AMAEGELRLETF T IHLER. GO EESIE
L5, KEGG i & E B ILE 6. 0 WL E 4218 b 3 %2 5 9 i 1l 2% (Pathways in cancer). fXiHIE 55
M.

3.5. “REh - FHALSY - XEER - B - KR MEXRE

B Cytoscape3.10.2 FAFLz il “HR 2y - USRS - SCHHE AT - IWEE - B WL R K, #HA7a]
WAL R IRFE B IE S TAE T SARE H 2580 4 (Curcuma longa L.), FIGEEET SRR & F 02 %
SEM) T MR (B ERE R P ARERIRDE), SO RRIERS - B - 8RR AR
A oG R, SR VIR RUXS R KEGG & £ 70 i it th AU AT 30 2% Sl (P < 0.05), WLIE
7o HIt CytoNCA fifF 57 S b5, R RSHE R it 28 Degree H O :: 7 s THI AR 5 Degree
E 2 IEMR(r=10.89,P <0.001), 1A% RBRIAESR . A 7 Mk S PIFEIZ M 4 - (5 B 3.

B}

protein phosphorylation - O
phosphorylation - [ )
response to xenobiotic stimulus ®
peptidyl- serine phosphorylation -
positive regulation of MAPK cascade
peptidyl- tyrosine phosphorylation -
peptidyl- threonine phosphorylation -

dg

positive regulation of ERK1 and ERK2 cascade
response to hypoxia -
intracellular signal transduction 4

- log1o(pvalue)
plasma membrane A a5
membrane raft I -
cytosol N
receptor complex - 20
cytoplasm 15

neuronal cell body{ @ 2 0
membrane ()
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dendrite{ © count

axon® ® 50
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protein tyrosine kinase activity L
protein serine/threonine kinase activity 1 i
ATP binding 1
enzyme binding
RNA polymerase |l transcription factor activity, ligand- activated sequence- specific DNA binding -

El]

steroid binding 4
zinc ion binding A
non- membrane spanning protein tyrosine kinase activity 4

identical protein binding -

10 15 20 25 30
Figure 5. GO functional enrichment results bubble plot
El 5. GO e ERERSIBE
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Pathways in cancer - ‘
Proteoglycans in cancer -
AGE- RAGE signaling pathway in diabetic complications -
Endocrine resistance 4
Hepatitis B 4
Inflammatory mediator regulation of TRP channels A
Sphingolipid signaling pathway -
EGFR tyrosine kinase inhibitor resistance 4
Lipid and atherosclerosis - 25
Neurotrophin signaling pathway -
MAPK signaling pathway -

- logso(pvalue)

ErbB signaling pathway 15
Kaposi sarcoma- associated herpesvirus infection -
Chemical carcinogenesis - reactive oxygen species 10
Human cytomegalovirus infection -
Prolactin signaling pathway A count
Relaxin signaling pathway - ® 20

Chemical carcinogenesis - receptor activation - °®
Bladder cancer -
T cell receptor signaling pathway 4 .
Ras signaling pathway - @ o
TNF signaling pathway - o
Th17 cell differentiation A .
Prostate cancer+
Vascular smooth muscle contraction 4
Pancreatic cancer-
Apoptosis 4
PD- L1 expression and PD- 1 checkpoint pathway in cancer- €
Fc epsilon RI signaling pathway - @
PI3K- Akt signaling pathway @

10 15 20
Figure 6. KEGG pathway enrichment results bubble chart
6. KEGG B EHEARSIEE
Table 3. Compound information
=3 HEMER
i Mol ID 4 Degree MW OB (%) DL
Y1 MOLO000358 beta-sitosterol 20.0 414.79 3691 0.75
YJ2 MOLO000359 sitosterol 20.0 414.79 3691 0.75
Y13 MOL004260 (E)-1,7-Diphenyl-3-hydroxy-1 52.0 280.39 64.66 0.18
-hepten-5-one
Y14 MOL004263  (B)-3-Hydroxy-7-(4-hydroxyphenyl) -5 282.41 46.9 0.19
-1-phenyl-1-heptene
YJ5 MOL004291 Oxycurcumenol 18.0 250.37 67.06 0.18
YJ6 MOLO004305 Zedoalactone A 21.0 266.37 111.43 0.19
YJ7 MOLO004328 naringenin 51.0 272.27 59.29 0.21
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hsa04750

hsa01522 hsa04722
hsa04071 hsa04926
hsa04933 hsa04660
hsa05207 hsa04210
hsa05167 hsa04270
SERPINE1  CHRNA7 PGR ADORA2A  PDCD4 cTSs CYP3A4 MMP13 CXCR2 TERT CBR1 F3
ABCC1 OPRD1 YWHAG 1K ALOX12. RIPK2 CTSB MAPSK11 CAPN1 F2RL1 CHRM1 KGNMA1
YJ7 YJ6 hsa04014 psehe  ERNt - EONRA  CTSL VDR - PLA2G10 PUA2GS  NRils  HMOX1  PTPN1  cvPaco  RORa  hsa04668
PTGER3 CYP1B1 TRPA1 EPHX1 PIMY EPHX2 UGT2B7 RORC CTsSD AVPRIA NOX4 BDKRB1
CDe2s58 ADORA3 CASP1 ADORA1 PRKCH PPARD PPP2CA CDC25A CCR1 PLA2G1B AGTR1 RET
YJ 3 YJ2 hsa05161 CHRM2 PARP1 RASGRP3 INSR PLA2G2A SHH CYP17A1 GSTM1 PPP1CC LCK PPARG PTGER1 hsa01521
i MMP3 PGF FLT3 LesT PRKCE NOS2 PTPN6 KIT CASP7 RPSBKAS RXRA RASGRP1
wjin
MMP1 SYK TYK2 ABL1 ROCK1 PRKCD CCNE1 PRKCQ  PTGER2 PTGS2 CDK2 CAMK2D
hsa05208 hsa04659
HIF1A ROCK2 PTPN11 MMP2 CASP8 MDM2 BCL2L1 FGFR1 KDR ESR2 MET MAP3KS5
YJ4 Y1 NTRK1  TGFBR{ ~ ESRY AR JAK3  MAP2K4 IGFIR ~ CDK4  MMPS ERBB2 CASP3  GSK3B

hsa05163 MAP2k7  INF JAK1  PRKCG BCL2 CCND1 MTOR BRAF  JAK2 VEGFA PRKCB SRC  hgsa04012
YJ5
EGFR PRKCA MAPK13 MAPK11 MAPK14 MAPK12 MAPK10 MAPK9 MAPK8 RAF1 MAP2K1PIK3CB

hsa05417 PIK3CA MAPK1 hsa05215

hsa04151 hsa05235

hsa04010 hsa04917

hsa05205 hsa05212
hsa05200 551 hea0dsos

Figure 7. “Traditional Chinese medicine - active ingredients - common targets - pathways - diseases” network diagram

B 7. “h#h - YA - XEES - B - KR MEXRE

3.6. FFIHEGR

B a5 9 MAZRE AN EE, GiAREN T 4. xR A, 9 MZIAERAMNS ARt < -5
kcal/mol, XHeyEMERLF, MG faw, HHEF /15 MAPK14. BRAF. MMP2, CDK2. KIT. AR 1%}
it <—7 keal/mol, EARFZIMNHEIEN, R\HMNEFEMER S, WRERE. KPR &EEOMN
-2 (MMP2)&E A el FEnELmTAgimd BB H MMP2 (134 i BELIT I3 40 At xoF 4 B 4/ 328 53 174 B it »
T 38 1) R A9 R R R S R o T e T AR DL I 8 o

Table 4. Compound and target docking binding energy information
T4 UEVESR[IELEERERER

Fic fs ik Ziahe

MAPK 14 -8.35
BRAF ~7.79

MMP2 -10.12

MAPKS —6.83

A1 2% CASPS -6.91
CDK2 ~7.51

KIT —8.54

AR -8.31

CYP3A4 —6.96
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Figure 8. Molecular docking visualization

8. SF XA
4. Wig

PR e — e BT . R 28V si H R SRR T 1B PR A7 52 BR AR IR TR g [ 11 ] BREELEALYT L #EIRIR
7T 5 %0 T AR RIS 5N, iR IEE SR TS A EEAR, IR 4eia ) 2OE IR . 5 BB IR
AR AR SR A ST 24 3L R A S T T [ 1] 254 BA 2 s 2808, ZEBEIIRF Ri[12], AWFTER
FAM 28 2535 0 T 5 53 TR ROR AR SE G SRS, RGO AR 4 T 32 BEE 1 i 7 5 R e 0 i AH G E
BERS, RNTER IR AE MBI E LS. A TCMSP 5 Swiss Target Prediction 753 26l 4 AHCHE fi JF 5 IR
FERE TR AR, AT 276 NACHERE S BRI EE PPT 4 IRAS 32 MZOHE T GO BRI R
W AERRAG TR . BERR AL 50T R AE RIS R B B S R S MMM OCE R, KEGG & NI AE
TR RS . TNF {5 5388 . PI3K-Akt {5 58, S, AGE-RAGE {5 Sl B{&. 7> Tkt —w
ERKBUEGME 2N CREARGRIES G/, JUH 2 M K % (Naringenin) 5 AR, CYP3A4,
MAPK 14, BRAF. MMP2, MAPKS8. CASP8. CDK2. KIT %# s8R I H ML Ak

WIS 7 NEBETETE RS, B B-4 Bl (beta-sitosterol). 5. 5 /4 i ¥ (sitosterol). %A 22 T i
(oxycurcumenol)s FEAHEE A (zedoalactone A). il & (naringenin) A K Wil 45 74 b 5 5 A L 1950+
(41 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,4,6-heptatrien-3-one %5). $#&/R~HAR4: 1l GE RIS 7 S5 IR 45 /4 . KRE(S
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WRIR, 23

T NN RIS T O . DA B S e, AR ST R HL Rl R Akt SR A
ST Il R TR, AN AR A R G [ 13] . AR S FOR P BESAGAA[ 14]7E 2 B R A
RIHF W MHRZR S5 HE MAPK HHEE J[15]. MR FEBAEW @ ROS - ZRifkigiz.
MAPK 5 PI3K-Akt %55 SR mi g 5E . T 5 R T(16].

A5+ MAPK14 5 MAPKS BE A% pi XAE 5> T 5 e b R sm 45 &% )1, CA iR, 15
AR AH S JIE M 26 Hh, Akt BTG5 p38 MR Ib A 5 NF-«xB L7 4112 28 16 7748 0 25 W M 3K Y )
AR 17]. $R7AR 4 AT e IE I -1 p38/INK S i, 3 1M 5 i JIELES 08 1603 i o

R I A 2 AR 2 — R R S5 A e A i m) , MIMIP2 A 3 1) 25k o e e 5 4 i 7 68 oy = 20
KEOLIR[18]0 /3 FWHE R MR 25 MMP2 456 8820-7.9 keal/mol, #7584 3E PR RS 1T A B3 B8R 42
H 5513 28 AH DG 6

CASP8 RILTZRBFARH T M KBRGEN, HEREINEERETE S RS E 8 iS 2 HATH B
[19], ASHFFUNE B R 2 & 5 CASPS 454 AE2)—7.1 keal/mol, 454 KEGG 41 TNF {5 5@, 5
A4 P REIE IS TNF/AE 152 A4 AR DG i AR o AR, 53— D Thi s S e (p38/INK) &5 PI3K-Ake 3 % )
P EIR] R AE R L L T

CDK2 1E 4 it & # S sty JLAMIAEE S8 G1/S BH[20]. wHess B~ M R 5 CDK2 454
fE£)-7.0 keal/mol, [H It CDK2 AH G Fil v] RETEIE A iR 7 P AR RN, , (B 7E J5 2R S50 Hh B AU 0IE .

K FAMFAE—E R 5, WE LGB0 b7 5 BT SR -5 s 2 0 198 1 4 PRV A V5 PR R oy
SEHE S, MRS & UPLC-Q-TOF-MS SR A S S HUEAT 8 M & A0, DAL I e 3 A B SE
ViR EEAl, AHORESR A R P SEIR IR . FLR, PO HE AR I ik BRI GeneCards 545 & R FE
AREEE TCGA-CHOL 5 R I R E R AL it 45 R S IR S #) LA SRR A R k. b4, A
IR 0 TS BAE NV AR R, R 51N T30 AL al BH P B 2 W AT IR N LG, TR A
R E B TR, Ll ) B A S S b e

5. g5

AT B I W4 2B RS T VR A BT T RR &t IE A VR AR A F BRI S, 45 LR,
A4l R MAPK14. MAPKS. MMP2 51 3RIA K IFHNEI I E R PI/E R, = BE B T Jeg i a1
TNF 5 585 PI3K-Akt /5 5B IE %%,

SE
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