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Mechanism of fenofibrate against lung adenocarcinoma based on DIA
phosphoproteomics combined with bioinformatics
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Abstract: Objective To investigate the molecular mechanism of fenofibrate against lung adenocarcinoma based on DIA
phosphoproteomics, network pharmacology, and molecular docking. Methods After treating A549 cells with fenofibrate, proteins
were extracted, enzymatically digested, and phosphorylated peptides were enriched. Phosphorylated proteins were analyzed via liquid
chromatography-mass spectrometry (LC-MS). The limma package in R was used to screen differentially expressed kinase proteins,
followed by GO functional annotation and KEGG pathway enrichment analysis. PPI network was constructed using the STRING
database, and core targets were identified using Cytoscape visualization software. Molecular docking was employed to evaluate the
binding stability between fenofibrate and key target proteins. Results A total of 104 differentially expressed kinase proteins were
identified, including 48 upregulated and 56 downregulated proteins. GO enrichment revealed that these proteins were primarily
involved in 87 biological processes (P < 0.01), such as protein phosphorylation, protein modification processes, and peptidyl-serine
phosphorylation. KEGG pathway enrichment indicated associations with 10 signaling pathways, including MAPK and ErbB. Network
pharmacology predicted eight key target proteins of fenofibrate against lung adenocarcinoma: SRC, MAP3K2, PAK2, LATS1, BRD4,
PRKD1, MAP2K2, and MAP3K1. Molecular docking confirmed stable binding between fenofibrate and these targets. Conclusion
Fenofibrate exerts its anti-lung adenocarcinoma effects mainly by inhibiting the phosphorylation activation of the MAPK/ErbB
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pathway. Kinases such as PAK2, LATS1, and PRKD1 may serve as critical anti-tumor targets, providing a theoretical foundation for

subsequent clinical research.
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it B A D9 I/ N PR e () B2 BENE Y, 7R ARk
VO N AR R R T, AU 3 AL E S 1 R
WA, SRR fEE NI i fa R B2 B
AE AR I FARDIBR . BT« B 29697 &
TR AT RPN, BAE— R E LK T
BEAAFH, AR 25 AR VRIT A R R Y
3 T oy 8 DR s R TR 2 S R PR, 1 3
B 5 FAEARDET 20%0, Kk, HEHHE
RORIT 23 1) IR IR 75 22 “ 228 A7 R fE H
FERJEIARL . BOAAR S 2 2t R S A 3, o R
T VR TT S B 7 )

A7 DURHE il S B S S 0 21K o
(PPARo)BNF, I PR b 3 ZE R FH 1115 i s AR
A 205 BAARG o 7 T A = B H KT, R A
FEMG R EWREE . Ik, Bk Z wt iR 14
W DUREIETE M BB v M, e T 0 L s« e
WIS S5l SRR, Ry om e
Joi B4 B8 S5 PR TR AT T BB 14100 RR R AR
WIE DURR 2 —Foa W D RPe 254, SR,
PR ) B AR o LR A R VR,  DUIIE I
It R . FH IR

DIA & H R H =BG AEME B AT R L 4
2 AR ARG IR B RN SR B PR, SR
G 1A R B PR A B 1 B A, L el R s R
P ZE AT RS 5 10 B O RE R R T A,
2L T AR AL 2 4R B oy 1 R 121, R R G
HrelEve DURF R Bl s L, ASHI 708 T R DURR
Ab T ) fii e 4T B SRR 10 DIA & R H 4 8dE, 45
BN RAE . TR A YE BTk,
FRGUE AT R v VURF DO R 1R 41 X 25 B, A
o HRFE ) YR I i 24 B (AL 78 R B SORIVR T SR, [R]I
WS DRI 2 208« SRS SR
BITTERE T st
1 #R5E%E
1.1 FERF SIS

A7 DF (F6020, JiHE740>98%) 14 H 2% [
Sigma-Aldrich A #]; JRZ (161-0731) ZHR I HEEE
(161-0404). Tl 2.9 % (161-2109) 1 5 3% [F BioRad
AT, FHEEHER (SV30010) 14 H % E Hyclone 2

Al BEERARE (317107) M H3EE Promega A F;
BCA & BN 27 & (P0012) SRR A- IfiE
(C0226). RPMI-1640 #5724 (C2721) &5 A )
A #/ = RAEWEAR 7] s High-Select™Fe-NTA
BRI AL 2 Ik A& (A32992) T [ 35 [E FEER K
HRBHE A PR AR Ki-3002-2 iRT R57 & E 35 F
Biognosys A #]; 30UM Empore™SPE MCX Cjs it
EhE (186001830BA) ¥ H 3 [H Waters A 7]; SW-
CJ-1FD i TERI A BN Z RS SHEARERA
A5 3111 Y CO, ¥5374H . Vanquish™ Neo UHPLC
ZE A Orbitrap™ Astral ™ i {543 1 H 32 [E L8R K
R BHEA IR AT ;. BDS400 #U {3 & A4 B
EEN-ALTe L NE 2N TYNCIR

1.2 HER1L DIA EEEHFREZF S HI 1

120 FEAFRILEAE  AS49 40E 7R £ X5
A=K, SEE6 Y R ZH (DMSO) FTAETE DAY (200
pmol/L) 4H, AbEEE[E] A 24 hUl, DLFUA R PBS
AbFE AS49 A CEERESN 5X 100 /mL) , LA 2500
r/min &0 15min, WEGER; 4 RIPA 2E. B0
Ja KM BCA VLT EAFUER . 200 pL & H /R
K H FASP 5EAT IR B ARG RO AR, WO AR I R 2R 1l
5EAFHAA 31200, 37 CTFHELKE, HiE
JaIRES I 50 uL 0.1% =4 LRk, FinA
10% =9 LR, W pH HZE 3 4, LILEEYIRN.
R A o K F Empore™SPE cartridge MCX Cig £ % ik
B AT I SRR

122 BB E 4SS DIA FULHIERE RiE
High-SelectTM Fe-NTA B4 P& {4 ik & £ 1270 & 145 A
TR E R B, &R BRAKE, ’BE
W4, H0.1%RIFR IR . B MEAR D BB 2 ng
KB, BNEEFREK BT DIA g . DIA
I3 MR FH A TR0 = RGAE €43 Vanquish Neo R4t
HATERE S, AIES BRI Astral &7 S
AT DIA i srafr. s &1, 81
FAHEEE m/z 380~980, — L i 43 HE A 240 000
(m/z 2000, FrA#EAL E BN 425 H bR 500%, &K
IT 4 5ms. MS2 K DIA $# RERA, % HE 300
ANMEE O, BREE LN m/z 2, HCD Hibf# §E &k
25eV, FriEk E B s S H RN 300%, K IT



Drugs & Clinic

Vol. 40 No. 11 November 2025 =« 2727 -

EAqBRE Y 20251 A AR & 5tk &
N 3 ms.
1.2.3  FUEEHET  SAEERS SR . B

RAIEIIK B E 4 )5, 2K H Spectronaut X {43t
T HT, FHFATIEMAL R BIMIKEBE. B
FHCEE . S HEN T BoARERN, &
KAV B AU 2 R B ERAL g 20 [ E A1 9 IR
R (C), FRBMBIE AL (M) LR
CEEEB N i) o Bhah, B ERREE DN EA T
W KIE (FDR) /N 1% JEFR1E
1.3 EREAME

i R 4 (A 4.4.2) W limma £ R 7%
PRI 22 e RIS A, T hrdEvoE N 2R
53 (FC) =1.2 80<0.833, LK P<<0.05. B4,
FIH ggplot A2zl J 1l B DA AT A IX e 22 7 Rk 1)
%E{Dﬁ[ll—ﬂ]o
1.4 EEAXE (GO) haE R RAERMERER
Bled¥ (KEGG) BEREEN

i clusterProfilerR 460X} 5 b $R1F IR
DU O R g () 22 S RIS B A AT GO TRk
KEGG w0 M. &£ RH] Fisher Fiifike
VAT, L P<<0.05 MIZhRESEHIAL@E M4 E N
HAGuit 5 m 02,
1.5 EBMREERMZ% (PPD HERZLER
i &

¥ Bk ZEREA RSN STRING ¥4 E
(http://string-db.org/), PIFHLE NN, BEEHR
BHiXEN 070, WEMEALEMLE, HAEH
Cytoscape 3.9.1 F AR 45 R WAL, LA cytoNCA i

A
@i
y A A DU
(<)
5
S
Q. 4 A
5 6
=3
g o 5
N P
2,,/' 3 PC2 (47.63%)
1

1 2 3 4 5 6l
PC1 (47.63%)

A1 32 ) 4% D B B 02 140,
1.6 IEEIUFS XA N FXIHE

HRRE AR M 8 AN KB E AT 59k A
DURRHEAT 4 F X042 . B S PDB 048 & (www.rcsb.
org) IRHUZOEESER A 3D 4544, FFiEid PyMOL
BAE M BR B AR g K. AR AL 4 s M
PubChem %(#5 /% (https://pubchem.ncbi.nlm.gov/) 3K
HAE T DURF SDF —4E45 #4731, Hf it Chem3D 1
b 45k . SRJ5, 18 F AutoDockVina #0145 A Fitff 5
ARG DR, THEAY S R E D R
A g, 1@ PyMOL #4745 & 15 U n AL g /s ti4l,
2 2
21 PEREHREELSR

FEG BT 1A Fis, 1E 95% B 5 X
B, JEvE DU S IR X oy P ey, HA W E
SRS BRI BRI DIA & A E ST
SLANE 1B B, JEVE DURRAH T BB IRACAL £ BEIR
TOE B BRI B i S e B il (17 271.66+
430.68). (25881.33£753.63). (4712.00+64.21)
A, HHINAHEA (19515.66+198.05), (29716.33+
436.92), (5003.33+£24.21) MHHLEH B2 %
7 (P<0.05), AT 2R 8EH ik,
2.2 AEIEDUSAIBAHARRE AS49 HRERYERRER
EATHE

HEMEE R AR SR FEGEEEERIAK
PRE, EEREURRE S N E R A,
e BEMAYEE S 2 —, FUILA R ks
DU XTI e £ S . PRARE AN SRS e G

B

40 0001

KRR

& 00 . BRI
i BRI
# 200004 *

10 000 .

0,

XTRE AR DURE X ARV DURE R RT3 DR

A-PEREAE (e A LR T =468 B- 4 T 8BERRIGAL AT BRI IR B MR A B 1 4 Lt

A- Three-dimensional principal component analysis of protein quantification results from two groups of samples; B-identification and comparison of

Class I phosphorylation sites, phosphorylated peptides and phosphorylated proteins in each group.

El1 FEENF R RABER DIA EEREELER
Fig.1 Identification results of fenofibrate and phosphorylated DIA proteins in the control group


http://www.rcsb/

<2728 FAHBEUH 2025FE 11 A

LR S

Drugs & Clinic Vol. 40 No. 11 November 2025

(AR I T MR A AR R A0 O B 23 3l 9
364+ 556 . K limma £9%} H 41 % 5 B IS
HEFHTERFRIAE AL, SR0E 2 R,

HIFIEARE] 104 MESEH, B LIHED 4814,
TREA 56 4, Hep LRSS SE S fEA
9 GTF2F1. CDKI11B. TTBK2. PRKDC. PKN2,
1M A5 B AT 5 R AR (A WA PRKDI

EEF2K. SRC. MARK2. MINKI.

o ° ENEi
e i
o T
o TES
4 °
o ® ° o ® °
e o o %o, %
® o o9
Y ® P ° °
%b ® o & of ®
o - ee® o ® 20
o ° 4 2 o g
21 e®® °® Y
[N ° ‘.0'
o N ® L]
Lo & Tl me
04
-4 0 4
log,FC

E2 JEEDUEHLIE AS49 AIRTHEERHE L ERE R A LE
Fig. 2 Fenofibrate -treated A549 cell kinase

phosphorylation differential protein volcano diagram

2.3 BERUCHEEXERER GO 1 KEGG BiEE
Sath

GO BEENMEERIE 1 frn, BRI S
REAFEEFECEARBRML. EARBMHT
T K3 - 2RI AL B A AH T FE
Koy FARHHE AR I - FEREM . B AR
BT, UG 57 55 87 MEY iR (P<
0.01). KEGG 1l & £ thraf Rk 2 fios. 57
W R Ak W e 3 R AR 2 BRSO U
(MAPK). AR T34k (ErbB). 1 IR
Bz (GnRH). Ras fH<EEH 1 (Rapl). Bk
s BN TR SERUER:. NBE A ARG SE
W I Ras 10 2615 5@ 6. WKl 3 s, =M 10
A5 SIR R A SRR AL R 1 S AR N RIL I,
PR AE v DURE 32 X A5 5 38 B 7 A= 0 ik 4
MR EPURE RS, HAXT MAPK. ErbB. GnRH.
Rap] 18 &4 i i 2%
24 WHRRCABESERERMNSE ST

¥ LR A Uniprot S##HNE AR, MR
HEEREA, Bk 40 NEEBRAMEEE AR
String (4 27 , 1) 7 PP1 4% (I 4A) . N H Cytoscape
3.9.1 BAFKTHAGH PPT ML 34T n AL AR EE, 255%
VR 2% v e 8 AT e R/ N RUAE B, B A5 T SRC
2 31 NSRS R AR K PPT RZ% . f# ] CytoNCA i

*1 EFBRUCHES GO £MIREEER (7110 1)
Table 1 Enrichment results of differentially phosphorylated kinase GO biological processes (top 10)

AR | HEDH R RIHE
protein phosphorylation 36 4.42 1.17X10%
protein modification process 37 1.46 2.05X10%
protein autophosphorylation 18 4.86 2.30X 1072
peptidyl-serine phosphorylation 16 411 1.22X10718
organonitrogen compound metabolic process 38 0.83 1.43X107Y7
macromolecule metabolic process 38 0.71 3.32X10718
peptidyl-amino acid modification 21 1.89 6.09X 10715
nitrogen compound metabolic process 39 0.64 1.26 X107
intracellular signal transduction 24 1.42 435X 107
primary metabolic process 39 0.60 1.91X1013

TN 2 degree (B /& K%, Rkt SRC
(logzFC=-3.688, P=0.024). MAP3K2 (log,FC=
—1.824, P<<0.001). PAK2 (logzFC=-2.059, P<<
0.001). LATS1 (logsFC=-2.212, P=2.603E-06).
BRD4 (logFC=-2.397, P=10.000). PRKDI
(log,FC=-4.484, P=0.004). MAP2K2 (log,FC=

—2211, P=0.042). MAP3K1 (log,FC=-2.307, P=
0.003) 8 MZLHES (K 4B), 45 RIHIE UKy
TE I F0 ] A AZ OO B RR AL A U R A
25 HFIIEER

43 F 0 HE R % TR 43 7 1] 1) 45 & B RS Al
71, BH LIS ERE-5.0~7.0 kcal/mol (1cal=4.27,



F4EBFENY 20252211 H AKHWwH%AE  Drugs & Clinic Vol. 40 No. 11 November 2025 « 2729 «

Table 2 Enrichment results of the differential MAP2K2-0 0 0 06 0 0 O0 0 0 ©
. PAK2- 0 0O 0 & 6 _ N
phosphorylated kinase KEGG pathway EPHA?. G{EN Y
BEAH  EANE BEAN BRRIE MAP3K20. 0 i
MAPK 8 1.14 3.76 X107 MAP3KI1- @ 0 | 2
ErbB 4 0.78 0.004 4 MAPIK2 O 0O 0 o
GNnRH 4 0.78 0.004 4 MAPKAPKs: @ L,
Rapl 5 0.69 0.0048 SRC- 0 0 0 0 000 s
bladder cancer 3 0.77 0.006 0 sz;i b % T 2
autophagy 4 0.65 0.008 8 PRKDI- Q_g
oxytocin 4 0.6 0.0117 DAPKI- 00 4
Gap junction 3 0.5 0.0337 ULK1-
actin cytoskeleton 4 0.45 0.0337 PRKAAL- o 0
Ras 4 0.43 0.0390 EEF2K- *
PIKFYVE- )
A—EREM) . —7.0~-10.0 kcal/mol (Fa i P YT =5 mE £ E 3
2285858 E &
). <-10.0 kcal/ mol (JEwEase) 1ENHIEFRE $H g~ § & ’3% %’ e
G LB . AU DU R OB 5 TR R ST gD
BRI AL 4 R sk 3. B 5 fs. dRTE DL g
5 A A% O L TR R SR 45 G i 38 T 3 KEGG E&@EhiLtivEas ks
Hr e DR S SRC. LATS1. MAPKG6 731455 Fig. 3 Expression of phosphorylated proteins related to the
AE HIN—7.2.—7.9. 8.2 kcal/mol, 45 & Fa e LT . KEGG pathway enrichment pathway

STK10 CDK11B DAPK1 BAZ1B ‘ o

MAPKAPK5 HIPK2  TNIK  EEF2K ‘
PRKD3 PKN2  ULK1  TGM2 )
MAP3K1

GTF2F1 MARK2 CDK12 DCAF1
PRKDC TAOK1 CERT1 PRKAA1 : PRKb1
EPHA2 MAPK6  MINK1 &
A-String #[ PPI |, B-#% /LA Cytoscape I #ALEE .
A-String PPI network diagram, B-core target Cytoscape visualization result.
4 JEEDIFHR AR 2 PPI WMILS E Riz LS
Fig.4 PPI network diagram and core targets of fenofibrate against lung adenocarcinoma
#3 EEIEFSROEB RS FIHEER
Table 3 Molecular docking results of fenofibrate with the core target
A PDB ID AN E B fI 45 & Rkl (keal mol ™) S5 AR
SRC 1A07 4 —71.2 ARG-208(2). LYS-206(2)
MAP3K2 2CU1 3 -5.7 LYS-38. THR-93. THR-90
PAK2 9m41 4 —6.0 LYS-134. SER-133. ARG-438(2)
LATS1 S5SB5W 1 -7.9 ARG-656
BRD4 218N 2 —6.4 LYS-53. SER-7
MAPKG6 6YLL 1 -8.2 MET-111
MAP2K2 1KY 0 —6.5
MAP3K1 6WHB 0 —5.6




<2730 F40BEUH 2025FE 11 A

LR S

Drugs & Clinic Vol. 40 No. 11 November 2025

\
" i/ THR-93

27&\;

; LYS5-38 25 [

7\ g X
%_ 22 \::‘ THR-90,

4’ l:A"Lf”A)\#ﬂ—‘ - MAP3K2

MET-111

>“E\;2.1

15206 &' 2.8

ki 4% - SRC

"

A% LR - BRD4 e TS - MAPK6

/o ARG-438
uz (Z L

25

26/

2.8
7vSER—‘133
7 Q

‘\ 2
LYS~1/3>P -
"

e DURF - LATSI

ek UK - PAK2

o I

A% DURF - MAP2K2 A3 D145 - MAP3K1

El5 FEEIFSROERN S FRHERKE

Fig. 5 Molecular docking model diagram of fenofibrate with the core target

3 g

it e A D B s L e A 2 —, A EROR R
FRFBET R B BT, 0 NS B ™ 5 B«
R AR MR T A B it r it RS NIEH ,
R XL il i 1A R T FBAIR AR . Fk, &
TR RGBT SR A 2, DAGE i i B 1
TifEt 151, Ak DURAE 9 — P R FH B B RE 254,
AR R IELAT BRI 7, OB s mT ) fili
i il FUIRE . IR S Rl SRR A
K, HHUHIEE S 805 PPAR 38 B 2 8 5 A A1 40
il JRE I ST, B R A — L B T IR
BB, W RS S S AR R4+
YRR AR o S e AL (o SRC K
WREEIE) WIRBhIGEE . TSR R, e
BERPIR R AR R R . DRI, ASHIF 9T OGRS AR
EI I BERR A0 08, IR AR AR DUREL I i v T 7
R OAER . SREGTRIE S 104 A2 SRR AL B
®H, Hb @48, NAS6N; EREATE
B4 T MAPK. ErbB. Ras % 10 &JEiEHRES
R, JEHAF MAPK A1 ErbB 13 538 & 40 1 8
e @I PPI M4 %55E tH SRC. MAP3K2 %% 8
AMZDEE R, I BT EUE SR U DU SR R
RO TERARE 46, $endEi DURE n] g i # i i
Y R P BBl T A I S S R FE LR VE

KEGG &S iris, Ak VR R FE bt e
Y F BIAZ O HLRIZE T % MAPK {5 5@ 4 Al ErbB 15
SAE B ) 2 IH] . MAPK {5 5 38 B4 g 142 M i
ARG E . A0S R O, H R ETELL
T DX e e 4 R R 2 1 () St IR R UL, AT 72
B, ARE DUERACHE 5 MAPK 3@ % AP G B i

MAP3K2 (log,FC=-1.824) fl MAP2K2 (log,FC=
=221 [PBEER ALK 25 N, B LU 1t
WA R, A R ERK BERR A 206 R R
M R AEPUMIRE RN . 1bB 15 58 H [l EGFR %
WRRAZ B F B, TR BRI e A (228
S A ST AR S R B DURR 234 T SRC
(log:FC=-3.688) [N & {1 /K-, 1] SRC 1F N ErbB
PR 1, H R0 T ELECHI 55 EGFR 15
SEFEe ). HETE NS T AR DU MAPK/
ErbB @ i () #0 i /E R IE /b, 3 ERE %
BT A% PPARa. PI3K/Akt 2538 B K FE UM
Je A FHOS-191, SO REAE BT 90 o A R U DR E e 0
PPAR BB RAEGUMIBIER, (HAH 7T T BRIk
A AR 45 TR IR BRG] PPAR JE R )
EHEEE. X —ZERA S AT F 2R AR T I i
FRAIE . DA F A A Y S5 56 A o0, R TE
it e H I U DR RT RE 32 B I 4 PPAR A K
5 5 H e KRR, (HIFATERR PPAR 1@ S 7E
FARPAAT P E DTRk . ERERRZ, A TR
e DURE MAPK {5 5 B8 3 221 51 350 2 i i
{HA 2 % i MAPKAPKS £k, il ExR
MAPKAPKS £ )53 & — M #0651, 7R |
TR TR AT 1 9 1 S E M9 Hh AT 2R A 20,
BRI T A AR v DURE GanqrT 428 1% A5 5 %, ¥ AT
R B i e A e VR T SR S SR B AR

W2 24 PSR S 2 A S, RGVETIINZ5Y) -
B - BB HAEMES, LI TSR A R AR
XN HEIS IR 25 G0 ), G R
FH 2580 SR IR T SEME o ACHIF T B I [ 255 24 3 2
5 326 HH AR DUREHI e (1) 8 /MAZ Lo A, B SRC



EAqBRE Y 20251 A AR & 5tk &

Drugs & Clinic

Vol. 40 No. 11 November 2025 - 2731 -

MAP3K2.PAK2.LATS1.BRD4.PRKD1.MAP2K2.
MAP3K1, HHFTEEEAR 1gFC ¥/hF 0, RIAHE
Vi DU 2 38 I ) o o T R A W K 4 B
PRIEER o 0t ieas BRI, JEE DR S a1
0B A Z ) (PR AR S S AR e PR . 8 ML
|HET, SRC {EMESE MR iR %, WEMIEIA
J7 I B BLEE 5 21, MAP3K2 MAP3K 1. MAP2K2 )
J&T MAP WERHEE G, FERMAERK, 1Y
VA~ A 3R ACEAIAn R IE T, AE R I R R
RIEFNFEF R AF EEAE P, PAK2 240558
B oIS R T, R AR, B, ALY
MNP E R R E AR, S PAK2 K/
G340 R BB R T SR A T E S A R,
BRD4 7E A Yt f 515 . DNA #6158 H . 4k
WL D) RESE 7 T R 355 BEAER, e 2RSS
G bR TSI AE ST R — N TS R e B 1240,
PRKDI1 J& 18518 8 H B 25, e BE ] A48 Ji i 2k
BIER, el Mg i K+, 145K PRKD #
7] AR R A A E LA S 25T, LATS1 & Hippo i
P, L YAP Al TAZ 7E {32 208 50
TEH e T 40 B IR B R IT A B0 AR K4
HEAERER, BRI, X 8 MELIE S
AEANSLAFAE, T ARF R T — > P[RR 42 145 5
“. Hrh, SRC 1EN L4, nlifi#E MAP3K1/
MAP3K2-MAP2K2 kB, [FE SRC tHiES
PAK2. LATS1 ZEAHEAEH, SZ0m4H i 20 #2400
Hippo i&i#%; 1fi BRD4 1E ARMEE HIZHE T, W]
Aeim i A4 IR Sk 2 5 M 25 4EFF; PRKD1 U
5 MAPK 38 #8528 SO, 3[R P 40 B S S A7
W%, HEMIXFRZ R, 2 2 RE Mg ], ar
A A YV DURE w50 280 B b il s 206 1 5 78 ) o
fih, AR DR PR AL RIE S 18T AR
P, ARG R R FH AL T 1 R BB A
i, ARWFFELES DIA BEERIE AR
. WA 5 T TS, o T AR )L
5 ELE I 0 MAPK/ErbB {5 5 M BR AL 1T A&
FEYUMIREIE R, KNSR e A BE T
FIRHEAY, e ERIm KB IR T EE T N [R
W PAK2. LATS1. PRKDI1 &5 & 3 nf
A2 v DURF BT e 1 B 00 0, 40 T3k
i PPARo A PUIMIRI HIFT LA . ARG R ET
PAK2 ZEHZCoFE S S0 36 0E, B bR & AR U
FERIVE R MLE, Ak AR Ml e Ve T AR IR A

MBFR AR FAREGEA G R

EE B

[1]  H¥E, R3E, FOIE, 55 1990—2021 Frh[E 548k
H D FEFER RN RAT R AL 8L (7],
i 0o i 5 AR RHIR PR 24 &, 2025, 32(7): 991-999.

[2] ChenPX,LiuYH, WenYK, efal. Non-small cell lung cancer
in China [J]. Cancer Commun, 2022, 42(10): 937-970.

[31 LiYT, YanB S, He S M. Advances and challenges in the

treatment of lung cancer [J]. Biomed Pharmacother, 2023,

169: 115891.
[4] Warzecha K W, Pudetek M, Catapano J, et al. Long-term
fenofibrate  treatment stimulates the phenotypic

microevolution of prostate cancer cells in vitro [J].
Pharmaceuticals, 2022, 15(11): 1320.

[6] Kong R, Wang N, Han W, et al. Fenofibrate exerts
antitumor effects in colon cancer via regulation of DNMT1
and CDKN2A [J]. PPAR Res, 2021, 2021: 6663782.

[6] Kogami M, Abe S, Nakamura H, Aoshiba K. Fenofibrate
attenuates the cytotoxic effect of cisplatin on lung cancer
cells by enhancing the antioxidant defense system in vitro
[J]. Oncol Lett, 2023, 26(1): 313.

[ EaEP, 2R, FEF, 5 35k URRE TR
JIIE E D1 RIS m i A e 0], e
AW TRER S, 2023, 29: 34-40.

[8] Alkotub B, Bauer L, Bashiri D A, et al. Radiosensitizing
capacity of fenofibrate in glioblastoma cells depends on
lipid metabolism [J]. Redox Biol, 2025, 79: 103452.

[91 Wang M S, Han Q S, Jia Z R, et al. PPARa agonist
fenofibrate relieves acquired resistance to gefitinib in non-
small cell lung cancer by promoting apoptosis via
PPAR0o/AMPK/AKT/FoxO1 pathway [J]. Acta Pharmacol
Sin, 2022, 43(1): 167-176.

[10] XMk, “Kfg, ks, 55, dFiR DURHTH] STAT3 St A
EEWIANE 786-0 NG EE N FE S TIRER 0]
WITEN T 7T, 2024, 47(12): 2789-2799.

[11] Jian C S, FuJ J, Cheng X, et al. Low-dose sorafenib acts
as a mitochondrial uncoupler and ameliorates nonalcoholic
steatohepatitis [J]. Cell Metab, 2020, 31(5): 892-908.

[12] Nogales C, Mamdouh Z M, List M, er al. Network
pharmacology: Curing causal mechanisms instead of
treating symptoms [J]. Trends Pharmacol Sci, 2022, 43(2):
136-150.

[13] CangS, LiuR, Jin W, et al. Integrated DIA proteomics and
lipidomics analysis on non-small cell lung cancer patients
with TCM syndromes [J]. Chin Med, 2021, 16(1): 126.

[14] Zhang W T, Tian W Q, Wang Y F, et al. Explore the

mechanism and substance basis of Mahuang FuziXixin



* 2732 ¢

HABENY 202511 A

LR S

Drugs & Clinic Vol. 40 No. 11 November 2025

[15]

[16]

[17]

(18]

(19]

[20]

Decoction for the treatment of lung cancer based on
network pharmacology and molecular docking [J]. Comput
Biol Med, 2022, 151(Pt A): 106293.

TR, HSOCOKE, M AE. R AUIEAR, BRI
PRI R i R A S ST 81 SR O 3R BT 24
W [7]. TPEEZG, 2025, 56(8): 2885-2897.

Bahar M E, Kim H J, Kim D R. Targeting the RAS/RAF/
MAPK pathway for cancer therapy: From mechanism to
clinical studies [J]. Signal Transduct Target Ther, 2023,
8(1): 455.

Passaro A, Janne P A, Mok T, et al. Overcoming therapy
resistance in EGFR-mutant lung cancer [J]. Nat Cancer,
2021, 2(4): 377-391.

Chen W Q, Chen F H, Gong M C, et al. Fenofibrate
suppresses  the progression of hepatoma by
downregulating osteopontin through inhibiting the PI3K/
AKT/Twist pathway [J].
Pharmacol, 2024, 397(2): 1025-1035.

Wang M S, Han Q S, Jia Z R, et al. PPARa agonist

fenofibrate relieves acquired resistance to gefitinib in non-

Naunyn Schmiedebergs Arch

small cell lung cancer by promoting apoptosis via PPARa/
AMPK/AKT/FoxO1 pathway [J]. Acta Pharmacol Sin,
2022, 43(1): 167-176.

Horn D, Fernandez-Nuiiez E, Gomez-Carmona R, et al.

[21]

[22]

[23]

[24]

[25]

[26]

Biallelic truncating variants in MAPKAPKS cause a new
developmental disorder involving neurological, cardiac,
and facial anomalies combined with synpolydactyly [J].
Genet Med, 2021, 23(4): 679-688.

Hsu P C, Yang C T, Jablons D M, et al. The crosstalk between
Src and Hippo/YAP signaling pathways in non-small cell lung
cancer (NSCLC) [J]. Cancers, 2020, 12(6): 1361.

Tan J, Li X S, Wang Y G, et al. EIF3B stabilizes MAP2K2
to activate the ERK pathway and promote the progression
of laryngeal squamous cell carcinoma [J]. Cell Death
Discov, 2025, 11(1): 333.

Chen X P, Yang Z T, Yang S X, et al. PAK?2 as a therapeutic
target in cancer: Mechanisms, challenges, and future
perspectives [J]. Biochim Biophys Acta Rev Cancer, 2025,
1880(1): 189246.

Zhang M M, Li Y B, Zhang Z L, et al. BRD4 Protein as a
target for lung cancer and hematological cancer therapy: A
review [J]. Curr Drug Targets, 2023, 24(14): 1079-1092.
Liu Y, Song H, Zhou Y H, et al. The oncogenic role of
protein kinase D3 in cancer [J]. J Cancer, 2021, 12(3):
735-739.

Zhao Y, Sheldon M, Sun Y T, et al. New insights into
YAP/TAZ-TEAD-mediated gene regulation and biological
processes in cancer [J]. Cancers, 2023, 15(23): 5497.

[Fiess  &iR]



