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[ Abstract | Background and purpose: Colorectal cancer (CRC), ranking as the third most common malignant tumor globally,
continues to pose a significant public health challenge due to its high incidence and mortality rates. Chemotherapy remains a
cornerstone treatment for advanced CRC. However, its efficacy is often severely limited by the emergence of multidrug resistance
(MDR). The drug efflux mediated by ABCBI1 is a key mechanism underlying chemotherapeutic failure. Although the non-steroidal
anti-inflammatory drug tepoxalin exhibits potential antitumor activity, it remains unclear whether it influences CRC progression and
chemoresistance by targeting ABCBI1. This study aimed to elucidate the mechanism by which tepoxalin suppresses CRC cell growth
and reverses chemoresistance through the regulation of ABCB1. Methods: This study employed a multifaceted research strategy:
Bioinformatics analysis was conducted using the DepMap, The Cancer Genome Atlas (TCGA), Genotype-Tissue Expression (GTEx)
and Human Protein Atlas (HPA) databases to analyze ABCBI1 expression profiles and drug sensitivity. /n vitro, the cell counting kit-8
(CCK-8) assay was used to assess cell proliferation and chemosensitivity, and ICy, values were calculated. A subcutaneous xenograft
model in nude mice was established to evaluate the antitumor efficacy in vivo. The drug affinity responsive target stability (DARTS)
assay was performed to validate the direct binding between tepoxalin and ABCBI1 protein. Transcriptome sequencing and gene set
enrichment analysis (GSEA) were utilized to identify downstream signaling pathways. Western blot and immunohistochemistry
were applied to detect the expression changes of key proteins. The PI3K-Akt pathway inhibitor copanlisib was used for reverse
validation. Statistical analysis was performed using SPSS 20.0 software, and graphs were generated using GraphPad Prism 8.0.1.
A value of P<<0.05 was considered statistically significant. Results: ABCB1 was significantly overexpressed in CRC tissues
and cell lines (P<<0.05). Cells with high ABCBI expression exhibited increased sensitivity to tepoxalin (R=-0.323, P<<0.001).
Tepoxalin directly bound to the ABCBI1 protein and promoted its proteasomal degradation. In vivo, tepoxalin significantly inhibited
the growth of xenograft tumors (P<<0.01) and downregulated the expression of ABCB1 and Ki-67 proliferation index in tumor
tissues. Transcriptomic analysis revealed that tepoxalin suppressed the PI3K-Akt signaling pathway [GSEA, false discovery rate
(FDR)<<0.05] , leading to reduced transcriptional expression of ABCBI. This effect was replicated using the PI3K-Akt pathway
inhibitor copanlisib. Ultimately, tepoxalin synergistically enhanced the efficacy of 5-fluorouracil (5-FU) through the aforementioned
actions. Conclusion: Tepoxalin targets ABCB1 through a dual-track mechanism: it directly binds to and destabilizes the ABCB1
protein while simultaneously downregulating its transcriptional expression via inhibition of the PI3K-Akt pathway. This coordinated
action can synergistically inhibit CRC cell growth and effectively reverse chemoresistance, offering a novel potential therapeutic
strategy for overcoming drug resistance in CRC.

[ Key words ] Colorectal cancer; ABCB1; Tepoxalin; Cell growth; Chemoresistance

459 (colorectal cancer, CRC) #EH4  NSAID, IGARRETAISY 7 $iom HmT 8 1 4 ) 48
BREE =0 DU R RO AR A T BB i A S T MR CRCANMIE S . SR, HoJ2:
Mz —, Mo S i 2P S ARG R TG 300 o 52 ABCB 1 DI E B WCR CHYAE MEIE
R 2 o AT PE N RIGICRCIOELDIE  ghem . oS ARG, AR ) %
TFE, WIRNZAMZ5YE (multidrug resistance, W], 4 NSATD AL i T P 12 28 T M 26
MDR) At BTRAL . HTABCBUN FIL oy gompt  (Hiepoxalints ABCB AT L

N NN + [3]
%%?ﬁﬁéﬁf%m%ﬁ¥Q0‘w?mﬁ e HE CROBER A M2 e T
CROZ i} et 52 1 1T 5 3 (.40 M 14 97 257 S

[ ansmyb s . 5-FRMERE ( 5-fluorouracil,
ABCBI1#ECRCAN A K b rmt 251k, 456
5-FU ) | WA Rk BE, o 4e oF B g A7 3% Al
; I VESMIIAS R ( ABCB1 2 #35CRCAIBE ) 5

PR K, MR ABCBI1LL R MDRE s i e

( nonsteroidal anti-inflammatory drug, NSAID ) S, EEPENE (Western blot) R IJAgN K
HE AL 2L TR SR e a o KH, B5TtepoxalinXfABCB 1A% Ia TE PERY Al {1
etk BV AK (tepoxalin) fE K —2ieAer s M BilRFORAL LIS R R
AT (cyclooxygenase, COX ) 55-J§&E & WHEABCB1IRIAMIHLH]; 2 Al tepoxalinfE i
fif ( 5-lipoxygenase, 5-LOX ) X #IHI/EHAY 5-FUMT 2 . P00 40 i 58 45 7 TR AL BE -



1012 A8%E, & Tepoxalini@BABCBIRINS EIAEMBIRE K RMAND SHLHIHR

1 AR
1.1 SEIg#FAY
1.1.1 %%

10 HAJE IS TCFF i i (specific pathogen-
free, SPF) Z¢BALB/c nudelfifil [ A= .
(20£2) g ] MILHEFEFREDRIE BRMD A
RS TR, FREEIRE }22~26 °C, AHXHEE N
40%~60%, 12 h/12 WER2eE, WA H IR
FESPFIIZRIE T, $efit s WAk,
1.12 @i

ANCRCHIJifs 2L.S1034, SW480, HCTI116,
HT29. DLD 143 i v E R Br S AL B 52 ) )
Pk 2 53 2 200 M P2 S0 O v A R A K A i
TFCOMBUNEI5% . XTI AR L 37 ClE R
YRR IR N
1.2 Ak

545 1L 75 FTRPMI-1640 ., DMEM /= B 15
FRHEM H EE Gibeo sl o AT EUA T & -8
(cell counting kit-8, CCK-8) . FE#%JEE
( copanlisib ) 1y H 3Z[E Selleck’/A A], 5-FUAI
tepoxalinlly F 3¢ [E Targetmol /A /] . ABCB1H 2
#F. ABCB1. PI3K. pPI3K. AKT., pAKT}
B-actinBi AR I 7 2RI = 8 A= 1 R A FRAA A
FERR R VB . AR R R B2 A W R A
WIgAAETAY TR (L) BhARAF .
1.3 XWHZE
1.3.1 &N M5

i i DepMap £ 5 2 43 Hr CRC 41 il &
ABCBI PR AR 1 I 3R 38 5 tepoxalin Bk
PR CE.; R FRiE 3L RN 4H FE% ( The Cancer
Genome Atlas, TCGA ) g FE . FERHI-4H 21
ik ( Genotype-Tissue Expression, GTEx ) %# /%
RITABCBIFECRCA LU NFRIBZE T (HIIAZE
FEHKRE ( Human Protein Atlas, HPA ) s AE
H HFUKF 56 IEABCB L IE # 45  Fje 44U P i)
FIRENL
132 CCK-8%%

1] 96FL Al P 43 51) 1 A B0 K B0 B A Y B
W, #AFLANMTHEZ N2 0001400, FFTER; R
P TE SR . SRRV, MR24 h ALY
A0 uL CCK-87ATR, WiFREE FHiFE2 h, ME
450 nmi KA GRS (D) {2 4 M1 5
Mgk, SCmasr A3, 2G4l F24 hErh 4
JJ DAAS ) 9 B2 il tepoxalin kb FRAH M, 24 hJm
CCK-8 M E DI

1.3.3 ¥ sA8 2 M5 (drug affinity responsive
target stability, DARTS ) 53

Htepoxalin (5 pmol/L ) stDMSOAb#
ABCBI1# [ (0.03 pg/uL, 50 pL) 1 hJ5, DIk
FEENE (0.025 pg) T37 CIHALL hia, HIE
P BT R0 2 0k S b, A XA 1 T ARz o
WT70 CHIEI0 min, SRJ5 AT+ e HERR IR
BRI BEC LYK ( sodium dodecylsulphate
polyacrylamide gel electrophoresis, SDS-
PAGE ) , #5005 % S iE 4 (430 minf5 it
TR E 2T 5 T, 73 il fEtepoxalinZb HLZH 1
XA PRI ABCBER A5 B A 25
134 RRAETHBALRG F B

FELS103440 i RALFF BB B T, 4 H /)
BRI 104, MIERNG 7 KIF R, /R
SRR (n=5) ML (n=5, tepoxalin
AhFR) , BR T3S % T /M tepoxalin
(50 mg/kg ) KBHPEXTHR, BRI, WE/NR
Ji e 0 A AR B A A ARG O, AN B IR
B ESN R S bR . /NG 245 5
JbRd AR O, MR AR 3R S, WA M A
A T 414k2% (immunohistochemistry,
IHC) e, Mo AR A 0v=(L X W?)/21t
B M BRI R T 200, ALmas
HR A= B8 e 5 e S 90 sh ) Hho OB B B ot
i, 5 HFUSCC-IACUC-2025138,

1.3.5 &

B E 3R B RN 25 25 40 1) 2 NI 45340,
ATRIzolZ4f#, $EERNAJG%ZE il =3 EYE
Fe PO T SR T o B AT FEI AR (Gene
Ontology, GO ) &&E4Hr. HH K 53K
HERET (Kyoto Encyclopedia of Genes and
Genomes, KEGG ) MIEHERFEST (gene
set enrichment analysis, GSEA ) %, ¥WRAMITE
CRCEA . KREIFET, tepoxalinX}f ABCBI152M1
AL
13.6 IHCHEH

BB FRY P i T /N B R H AR 200
(4~5 pm) | BEBEKACIS, RAFFBERR AL b
W (pH=6.0) JEAT R BB LR HUE R
MR Z:3% H,O, B NI M AL . 5% 1L
Mg E AR AL S, BES T4 CCTERIRE
PUNABCBI—4. #2RIZR, BERRZE mhEh ik
( phosphate-buffered saline, PBS ) {5 )5 i i
HRPHRICHIAH I A — 9t % i i 5 30~60 min.
DABW A W0, RAKE E Yets, BRIE LI



(P BEERE) 2025443555511

1013

KL ZHORE R SR R e . B4
FIEARE: AN/ Z0HE 5T ( ABCB1) S
(Ki-67) HBURE O L EYeta, 3 A
S BHAE IR HE = FH: ek Jeg & it %5/ s ek I8 & e
) X100%, BT A EE R kbl B
A9 BEV IR 4 B L 9, B3 3 i S U S B AR
SRR AR A2 e 2 B L1

1.3.7 Western blot 5% %

FEf & O WAL (FABCB1E
A S AL B B RV ), A5 X SDS
R MG, 100 CAEWS~10 minfdi & R AR
Py @ Bk E, BLHil10%SDS-PAGEHEK ,
FALIN20 pLANESFEAL, 80 VAIH MM 4R IE
120 VAE R Fl 53 25 i VR 0 W SR BE RIS s B #%
B, RANBEL, B L E A ® EPVDF
M, 350 mATEIRFEE90 min, S 5%
WEALS hy @ BEPUE, 250N AABCB1%
HAth—Ht (1: 1 000%8E) , 4 ClRALK, H
TR -20 = OB SE phER R (tris-buffered
saline Tween, TBST ) PEME3¥k (&¥X10 min ) ,
FIMAHRPHRIE —PT (1 :5 000FG %) , =
W E D h, TBSTUEME3WK (K10 min) ;
® Breb5Es, MinkgsRiks %% (enhanced
chemiluminescence, ECL ) &, WEYCH%.

1.4 FitEasE

JIT A L ST A 3. SR HISPSS 20.0%K
X EE AT St E b, SR LAY £ s 3R
o K Shapiro-Willc 56 X5 £l 47 1E S PEK
5, ARIRATE IR, W R SR ST
FEA k5, 22 21 1] LR B R 25 T 22 34T
TR E R ERARITFE L, Wik
— R HLSDIEFA TN LA . B AT & 1E
ADorAn, WP ] L AR FHMann-Whitney Uk
¥y, Z410A R FKruskal-Walliski 5. %
Graphpad Prism 8.0. 15K {F2: & . I geiTH
MRy, P<<0.054 2w A5t = X,

R

2.1 Tepoxalin7] gE#B [ ] il F FRIZABCB1HY
CRCHpa

Tepoxalinj& COXMI5-LOX g # il 577 ( &
1A) , AR5 % Btepoxalin i A 45 1k 5
ABCBIMRINA K, m#RIBABCBIHER 141 i
Xftepoxalin A fE B U . F A T3 i DepMap ¥ i
JE VAT R 25 P U o3 b7, % Bltepoxalinit)
FiE 5 ABCBI R E AR (P<0.001,
R=-0.323, Kl1B) . fiik K BCRCH ML R
ABCBI1f Rk B H AR F = (E1C) |, [FIET

2

=
4k

A B C
30, NTPM
g
a g7 .-
a S —
5 2520
-~ B . o ©
£ %50 . E.g
= 5 =
& 2 - g < m 10
= OH C= . < g
| o . -
OON‘N’ N, £ 25f el b & <
Hé CH, = Spearman o _xt,"‘?
; o ) R=-0.323 ot 2 ~F 77 S S P S S Y Y
2 P . o O T e e e e
2 w0 <0.001 . , @“y\:&j\( S 4\20%%@%@%& 2 @\@&@i@ YL
. — — RO AN P S A \\@b S
2 1 0 1 RSN ST
Tepoxalin log2 fold change PRISM <€
repurposing public 24Q2
D 10F E F
—_ = 151034
; o st o N 120 ~+DLDI
(o]
B $§°Q Q&\\ SO ¥ < 100F v SW480
S5 o S ) < ~HCT116
o = - z 80 RS HT29
28 4t ABCBl‘ —_— e e ‘ g \\ g
S =
ﬁ% o B-actin | e e———— ‘ S 40
ol — I—I “—— Cell lines == 1
XN 3 O B> h oD OO
(D PN AN QN A (X ) 7
V%@Cd;&“@ O Q\:zg,&\%$ & «ﬁ\ Log 5-FU concentration/(umol-L™)
E1 TepoxalinxtABCB17%5 & X CRC4A A& 1

Fig. 1 Sensitivity of ABCB1-high CRC cells to tepoxalin

A: Chemical structure of tepoxalin (dual COX/5-LOX inhibitor); B: DepMap database analysis [ negative correlation between ABCB1 expression
and tepoxalin sensitivity in colon cancer cell lines (P<<0.001, R=-0.323) ] ; C: ABCB1 mRNA expression in colon cancer cell lines is significantly
higher than in other cancer types; D: High ABCBI expression in LS1034 cells among colon cancer cell lines; E: Protein expression level of ABCBI in

CRC cell lines; F: Drug sensitivity assay of 5-FU in 5 CRC cell lines.
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DI A CRCII 25
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Fig.2 Aberrant high expression of ABCBI in CRC tissues

A: TCGA-GTEXx integrated analysis (elevated ABCBI mRNA expression in CRC tissues); B: HPA immunohistochemistry (high ABCB1 protein
expression in clinical CRC samples). *: P<<0.05, compared with normal tissues.
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Fig.3 Tepoxalin inhibits cell proliferation and sensitizes cells to 5-FU

A: Dose-dependent suppression of LS1034 cell proliferation by tepoxalin; B: Tepoxalin synergistically reduces the ICs, of 5-FU. ***: P<<(0.001,

compared with LS1034+tepoxalin.
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Fig. 4 Tepoxalin suppresses xenograft growth, ABCB1 expression and Ki-67 proliferation index

A: Representative images of subcutaneous tumors;

B: Tumor weight and volume curve after 3 weeks of treatment; C, D:

Immunohistochemistry (reduced positivity rates of ABCBI and Ki-67 in tepoxalin group). **: P<<0.01, compared with LS1034+tepoxalin;

**%: P<<0.001, compared with LS1034-+tepoxalin.
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Fig.5 Tepoxalin directly binds and degrades ABCBI1 protein

A, B: Coomassie blue staining in DARTS assay (weakened ABCBI1 band intensity in tepoxalin group); C: Changes in ABCB1 protein levels with or

without pronase or tepoxalin treatment. ***: P<<(0.001, compared with Ctrl.
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Fig. 6 Tepoxalin regulates ABCBI transcription via PI3K-Akt pathway

A: Volcano plot of differentially expressed genes (|log2FC|>1, FDR<C0.05). B, C: GSEA (significant alterations in PI3K-Akt and cell adhesion
pathways). D: Changes in the levels of ABCBI and PI3K-Akt signaling pathway-related proteins after treating cells with tepoxalin; E, F: Changes
in the mRNA and protein expression levels of ABCBI after treating cells with PI3K-Akt signaling pathway inhibitors. **: P<<0.01, compared with

0 umol/L copanlisib; ***: P<<0.001, compared with 0 pmol/L copanlisib.
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