Med ] Chin PLA, Vol. 50, No. 2, February 28, 2025

~ -

w5

B SN Bl ABCB 1 35 %: B 51 R Je AL T Tt 25 B9 AR AR I LA

ERA, KM, BRI, ZEA', HAE, @Rk, KT

VR ERL RS R B R ANEE, TR 7500015 PELH T HUO EBEB R AMEE, PUJITELH 6360005 T EERIRAA
A, TEE) 7500015 *FEME AEXANRERMKIMEL, TEHR) 750001

[FESFES] R737.25 [XX#ktRERD] A [DOI] 10.11855/j.issn.0577-7402.1176.2024.0508

[FRA] AT R R 4 h5e

[SIAA]  ZEWAR, TR, UL, 55 . FHSEO H ABCB 30 % iy 51 i A7 T 24 (8 4 T R JCHLAR ], A 45 B2 7 2%, 2025, 50(2):
197-206.

[ EHHEI] 2023-09-04 [REHEH] 2023-10-07 [E£&HHA] 2024-05-08

HEE] BH HUTEEEm(BET) MG ATP 245 & &54:12 % 1 B1(ABCB1) 19 4% 1y 51 e (P Ca) ALy T 24 A VE F K ML .
Tk BiFE PCafb T BB R C4-2B 4 MY, i i 22 PG At 3R (DTX) 9 E 6 B 336 498 1 7 57, PCa X DTX M 24 bk TaxR 40 A0, R H
CCK-8 IE AR TR LS BRI C4-2B . TaxR AHHEIXT DTX AU 251, Western blotting, qRT-PCRAGIN ABCB1 (A1 HL .
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[Abstract] Objective To investigate the effect and mechnism of betaine (BET) in reversing chemotherapy resistance in

prostate cancer (PCa) by inhibiting ATP-binding cassette subfamily B member 1 (ABCB1). Methods The PCa chemotherapy-
sensitive C4-2B cells were cultured, and the TaxR cells resistant to docetaxel (DTX) were established by gradient increase the
concentration of DTX. The drug resistance of C4-2B and TaxR cells against DTX was assessed using CCK-8 and the colony formation
experiment. Western blotting and qRT-PCR were used to detect ABCB1 expression. The TaxR cells were divided into: (1) Control
group, negative control group (NC), siABCBI1-1 group (transfected with siABCB1-1), and siABCB1-2 group (transfected with
siABCB1-2). Western blotting was used to detect the effect of small interfering RNA on silencing ABCB1, and CCK-8 was used to
detect the differences in DTX resistance between each group. (2) Different concentrations of BET (0, 100, 200, 400, 600, 800 mmol/L)
groups. These groups were subjected to CCK-8 to detect cell viability, and Western blotting was used to detect the protein expression
of ABCBI. (3) Control group, DTX group (20 nmol/L DTX), BET group (200 mmol/L BET), and DTX+BET group (20 nmol/L
DTX+200 mmol/L BET), flow cytometry was used to detect apoptosis rate and cell cycle, and Western blotting to detect the protein
expression of apoptosis-related proteins (Bcl2, BAX, c-caspase-3). (4) Control group, BET group (200 mmol/L BET), wortmannin
(WM) group (100 pmol/L WM), and BET+WM group (200 mmol/L BET+100 pumol/L WM). Western blotting was used to detect
the protein expression of PI3K, Akt, and ABCBL1. (5) Control group, BET group (200 mmol/L BET), and BAY group (10 wmol/L
BAY), BAY+BET group (200 mmol/L BET+10 pmol/L BAY). Western blotting was used to detect the protein expression of NF-kB
p65, p-ikBa and ABCB1. Network pharmacology combined with transcriptome sequencing was used to predict the possible pathways
for BET to reverse chemotherapy resistance. Results
resistance to DTX (P<0.01), and high expression of ABCB1 (P<0.01). After silencing ABCB1 with siRNA, TaxR cells' resistance to
DTX was significantly inhibited (P<0.01). The inhibition rate of TaxR cells treated with 200 mmol/L BET was less than 20%, and it

Compared with C4-2B cells, TaxR cells showed significantly increased

significantly decreased the expression of ABCBI protein in TaxR cells (P<0.05). Compared with control group, the combination of
200 mmol/L BET and 20 nmol/L DTX resulted in higher apoptosis rate and higher S stage cell ratio, lower expression of Bcl-2 protein
and higher expression of BAX and c-caspase-3 proteins than the two drugs used alone (P<0.05). Compared with control group, the
combination of 200 mmol/L BET and 100 wmol/L WM significantly down-regulated the protein expression of PI3K, Akt and ABCB1
(P<0.01). The combination of 200 mmol/L BET and 10 pmol/L BAY significantly down-regulated the protein expression of NF-kB
p6S, p-ikBa and ABCB1 (P<0.01). Conclusion BET may reverse TaxR cells' chemotherapy resistance by down-regulating ABCB1
expression through the PI3K/Akt/NF-kB signaling pathway.
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FPEMIE S 6 i, BRI G R B B P b
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VR IT (androgen deprivation therapy, ADT) k EB y
B ADT J697 5 3432 ¥ 2 Ji& Ry 25 IR0 Al 4] i i
(castration resistance prostate cancer, CRPC)O ’ﬂﬁﬁ IEll:‘
CRPC H B IRYT F B, —&T Mgy FZREZ
ﬁﬁ%(docetaxel, DTX)M, HDTXWEITF G e 22y
it 25 (multi-drug resistance, MDR){J A1l f, HAk
P25 B WAL L T 24 )5 19 CRPC i Js B 2%
JRAELATE T R, Sk MDR 9 G HE o5 R R 4
P T 5% PCa b 2 G 2. ATP 455 &
HinEH Bl(ATP—binding cassette subfamily B member
1, ABCBI1) X FRAMDRIL, FDERAHAE N ALTT 2549k
A0 A AL, BOE 25 SRR, AT A T R 2 Ak
BT, WFSE & B, ABCBI Y5 PCa fbJT ifit 25 56 & %
YIS, B B ABCBLM IR andehimak . &7, 3%
FLTR R B SCR AR BER LA ], i -4k
JCRE . AR N9 ABCBL i R o SR B

(betaine, BET)EAHUAILIIEL . BTk . HUhiig ik
B - kB(nuclear factor kappa-B, NF-kB)f5 51 %
SEAERIS, T HGR A5 ] ] ABCB1 W% PCa fLIT il
A G BF S > . A WESE B AR AR DT BET T M
ABCB1 ik PCa by 7 24 R FH S AL

1 MRERE

L1 EZGGH BET W H SEIE Sigma 23wl 5 /N
B-WLBh I H (B-actin) 2 FEREPTIR | BRI S 1L W) g
(HRP)FRIC I I 2EHT/NR 1gG . HRP AR LLI2EHT %R
IgG I H ALt P2 SR AR A IRA ] SRBTR R
W R b #% A «B 41 il 8 F o(rat phosphorylation
inhibitory subunit of NF-kBa, p-ikBa)PiiA . I
F kB p65(nuclear factor-kB p65, NE-kB p63)HifA .
B0 B 20 bk EL 400 Jf 8 7 2(B-cell lymphoma-2, Bcl-2)
MEXXEH (Bcl-2-associated X protein, BAX)TITMUWQ A
S CST 24wl 5 P 2 it A I K 2K 1 18 3(cleaved
caspase-3, c-caspase-3)PUIA . TPTHEARBE LA 3- 1l
(phosphatidylinositol 3-kinase, PI3K) $L /& . % $iL
ABCBI1 #Lf& | ¥l B2 Bk . i (1 #H B



(protein kinase B, Akt)fLA I FI B =& A YHAH
PR — H LA (dimethyl sulfoxide, DMSO) . it
i (Tween)20, EAEFINE ., WHR. fHGRBAIL
FORFER AR T BG4 1ML (foetal bovine serum,
FBS). M FR £ 2% i %5 W (phosphate buffered saline,
PBS). % Hr 4 - A vC 42 & B 9% BT (Roswell Park
Memorial Institute, RPMI)1640 1% 7 & 1ty 1 DA £ 5]
Biological Industries vAl; CCR-8IRN A . Fmi FR ¢
HEIRICHI BRI R V /BLAL DY BE (annexin V -fluorescein
isothiocyanate/propidium iodide, annexin V-FITC/PI)
20 e 0 oA R & B DL A R A IR
Ao 3 R A {2 & 6 L f (enhanced chemi-
luminescence, ECL). 4% HIRPGRA &, —n]7F
I (bicinchonininc acid, BCA) & 1 & & 551 & ) H 7T
S A YR A R W] 5 BAY11-7082 1l H 58
[l AbMole A Al ; B2 R R . DTXHRIA A ¢ [
MCE/A]; 4 RNASEEUE I [ 3 Axygen 2 7.
1.2 Y8 3E SR sr el ANk C4-2B. TaxR(F)
FHZEA A0 C4-2B 20 38 5 DTX ¥ J3 36 184 ok 1 7R 40
A0 5 ¥ 4 ) iR DTX 48 it 1:;13[7]) ¥ US California K2
Davis 7312 Allen C Gao Z{ 4% H I . C4-2B. TaxR 4fi /il
FH % 100 ml/L FBS, 100 U/ml # % % . 100 mg/ml £if
B K [ RPMI1640 Hi F2 5L, F37 °C. 50 ml/L CO, Kk
FA TR, RS 2 809%~90% B, #RMN2.5 g/L
I P T A A M AT A AR 3, BRI 4
WLFEAT i S5

BOGHUE R C42B, TaxRAMME: (1) IR E
DTX(0. 0.5. 1. 2. 5. 10. 20 nmol/L)4t¥ C4-2B 4
Me, ARMEZEDTX(0. 10, 25, S0, 100, 200 nmol/L)
AL TaxR 40, K CCR-8 B M 4N TGt ; (2)%
F Western blotting i qRT-PCR Kl C4-2B. TaxR4Hf
"1 ABCB1 & 1 M mRNA (3535 ; (3) AR EE DTX
(0. Snmol/L)Ab¥ C4-2B. TaxRANMEJG, KHEE
T RS2 56 A0 240 M AR P TE FRE T

HOW BUE R TaxR 400 . (1) LAAS[R] 9 BET
(0, 100, 200, 400, 600, 800 mmol/L)4bH# 5, >R
H CCK-8 ¥ Fa I 41 Jid 1% 14, Western blotting 5 il
ABCBIL %K [ 2R3k 5 (2) 15 & % 4L (45 P IR)
DTX 2 (20 nmol/L DTX 4t #) . BET 21 (200 mmol/L
BET Ab¥f) . DTX+BET £ (20 nmol/L DTX+200 mmol/L
BET WX GAHE), SR FH it =X 20 B A A 00 248 B 0 T A% 150
Fo4n i J& 1, Western blotting ¥ Il Bcl-2. BAX,
c-caspase-3 H [ I, 4R AETHECE0 50 K6 ) 41 A 3 78
ol (3) W & X M4 (% | X)), BET 4
(200 mmol/L BET 4t Ff), & 2 ¥ % & (WM) 41
(100 pmol/L WM 4k F1) . BET+WM £H (200 mmol/L
BET+100 pwmol/L WM AL ), % FH Western blotting Ko
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I PI3K., Akt, ABCBIZH [HAYFRIL; (4)1hE x4
(%5 FAXTIE) . BET 4H (200 mmol/L BET 4Zb ) | BAY 4]
(10 wmol/L BAY Ab #f), BAY+BET £ (200 mmol/L
BET+10 pmol/L BAY ﬁ?&%ﬂ‘fi) , K Western blotting
K3 NE-kB p65 . p-ikBa, ABCBI K [1AY#EIA; (5)i%
BT (25 IR L BIPEXT B2 (% e NC-siRNA) |
SIABCB1-1 ZH (%% J4 5% 1 # T 410 ABCB1 [ siRNA) 5
SIABCB1-2 4 (% 4L %% 2 Fl T $. ABCB1 [ siRNA),
SiABCBI1-1 ! [+ %1] . 5-CACTGTTACTCTTAGCAAT-
3', siABCB1-2 /%1 : S-GAGCTTAACACCCGACT
TA3' (N B ARG R ARG ). ¥ E5a
siRNAH3 A B EP A H i A 250 pl RNase 7K it B A% 7] 5%
L) siRNA VI, T -20 CUKFEIRAT o ¥ TaxR 4111
T 6Lt . B E R R R R . WSl
SiRNA ¥ Wi /Il A 245l OptiDMEM ¥ W 15 1, #%
7.5 pl Lipofectamine 2000 % ¥ fill A 242.5 pul OptiDMEM
Wt, UEMEASBEREGIFE TIKLEEE
Smin. 9 F 5 UG B 500 wl IR A 5 1500 pl AN
T /BERE Y RPMI1640 58 215 35 3R 598 T
B L1 2000 I siRNA VTR o 45 FL 25 7 58 40 48 b )
siRNA ¥ 2000 wlo BE5E 4L 5 19 4i i & T co, Ky %
A 17 9% 48 ho 2K FH Western blotting 11 qRT-PCR A% il
ABCBI % 1l mRNA [ % ik, CCK-8 i il 4 Jid
.

1.3 CCK-8 LA AN dt: Bl K c4-2B.
TaxR A, FHEEE F B AL S DA sx10° 4> /f L3R T
96 fLAk, T 4fREINGRE J5 HEA T AN AL 2, AbEREE R JE
#4520 pl/fL CCK-8 ¥ (0.5 mg/m) il A5 354, 1%
FEAA TR 2h, RAHEEAR UK 450 nm P AL £ £L
W CHE (AVE . AHRAFE X G = (A SC 502 — A %S 1 4)/
(AXTHRZH —AZS ), 1 GraphPad Prism BAFE
P il B2 (50% inhibitory concentration, IC,) .

1.4 SERIE LRI AN AR 5 TE e 1 HOW 8
A KW C42B, TaxRANME, FHIREE A IH 10 o il A5
AR, TR AR B, K AR B A T 6 fLAR R
(500 ™t /FL) o FRANMINGBE J5 2 Ab 3], JFE T
WFRFETR S 14 dEBUE 6 fLAR, B PBSTE2X,
ToK CBERE 18 min, BEALATA 1 ml S g/L 45 5 5%
WHEHE Lh, FEEMEHLEFREEEE 2K,
PV T so DL E g SR AR i 1 MER, FalEIFIC
SRAETEEH .

1.5  Western blotting £ ] Bcl-2, BAX. c-caspase-3.
PI3K. Akt. NF-kB p65S. p-ikBa. ABCBI1 4 [ 1Y%
ik AR RIRIS AR EH, BCATEIIEEA
W, ARSI LA, 17 SDS-PAGE #E i HL Uk I
HEEPVDE B [, JIA 50 g/L BBSWO#; 2 iR T 114
2h; PBSTYEAE3 UK, JiINA%PLABCBIHiIA(1:3000) .
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BT Bcd-2 P K (1: 2000) . e HT c-caspase-3 HT 1A
(1:2000) . Pt PI3K $T 14 (1:2000) . HHT Akt Bt {4k
(1:2000) . %Pt NE-kB p65 H14(1:2000) . Hi p-ikBa
Prik(1:1000) . bt BAX HUiA (1:5000) FIH B 114 /) B
BT B-actin HLIA (1:5000) F M FH 2 h; WHE LG,
FIA 1:5000 #i BE 1 HRP AR Y LI =E 41/l IgG . HRP
FRig i L EPi e 1gG EMFE 2 h; PBSTPE3 K il
A ECL R VCRMECAN I, i Image] 4K F53HT

1.6 qRT-PCRK;{l ABCBI mRNA [}k 414k 3
S5 Ad FH Trizol 3070 FEHUAH LG RNA, I A%
AN YEIERE TR I RNA VR BE, A3 BT H i . B pg
RNA JX % 5% & cDNA, % ffl qRT-PCR & il ABCBI
mRNA 3k, W &A% 95 °C30s(ZEME); 95°C Ss,
60 °C 34s(iB k), 40 MG . LA GAPDH NNZ, f#i
FH 284 HEA T AT 0T . 510 il TABRA
G, SI¥FSIAF . ABCBI iE [f] $-ATGCTCT
GGCCTTCTGGATGGGA-3', 2 [1] S-ATGGCGATCC
TCTGCTTCTGCCCAC-3'; GAPDH IF [i] 5-AGAAGG
CTGAGGCTATTTG-3', % [n] S~-AGGGCGAAAGTCC
CGAGCT-3',

17 IR A TS oL 25 A G R
48 h T FHTRVS ) PBS T ¥E 2 YK, 5 500 wl 4545 2% WPl
18%); SEMA 10 pl Annexin V-FITC, FEMIA S wl PI,
TSI B 10 ming R FH I 2 200 4 SCRG: 00 41 A
PAT, AL T8 (% ) =L I A 4 T2 (Annexin-V
FHPE , PTE) + M6 409 448 ffg 7 1~ %2 (Annexin-V F1 PT
FHYE)

1.8 it = A ARG I 41 B S A Al 6 FLR
T BE I ¥ 4 AR AN . 58 iR AR % EDTA R Jik
7 4k, 2000 r/min &5 .0 Smin, 5.0 J5 PBS # &,
TR 20 v B & 1000 4>/l T FE AL 1 ml 41 BB E
2ml BB, BEJSTE4 °CF 2000 r/min 2.0 5 min,
5 B, BN 500 wl 70% £ FEI R R ATIR ),
BT -20 C VK46 [# & 6h. B J5 VL 1000 r/min B 0>
3min, 7+ F¥#W, PBS¥E1{KJ5 1000 r/min &[> 3 min
g W, B INAGR & H RNase A VORI PLIA LA
L9 ARFR L BC i A e o TAEWE S00 wl AT EE B, B
TR I G 28 IR AR AT 60 min. R FH U 2K 20 i ASCAG: )
A e S 4

1.9 ZHMET R RAS I A0 B AE I L A AL PR
TR R TR AR P T A A A B, TR AT vk
JE, BRI MRS MM ER . FTT 4
T, R AfEdE, BOEEERINA AL
PEATTE, WA SRR B LU BT TS R A
HEEBOK, BEFHE, B4 gt

1.10  MZR 25 B2 HF5%  (1)BET 1 FH #5007 1
1 PubChem %ﬁ({fﬁﬁ?(https: //pubchem.ncbi.nlm.nih.gov/ )

i, DL “Betaine” A CHHTRIAS R WLIN BET A9 1E 4R
M IPRBREERE A, A BET WA A, (2)
PCa W 7RI S #8 4E Je BET A FH B A 15 9 5 2 [m] A2 15
BT e . DA “prostate cancer” FE M K:Z KA, A
H] GeneCards(https://www.genecards.org/) %8 4 J& £ 2
PCa YT AERE AL, AR5 IR (R 7R Zefift b T 2 4%
PRK — B S, 3849 BET 5 PCa AL [A] 22 4
HURi. (3)BET 5 PCa 143 [] 22 A2 1l i i) i 45 43 i
i F| H TRRUST £ ## /% (https:/ /www.grnpedia. org/
trrust/) 7M1 BET 5 PCa ¥ L[] SZ AL 8 5T A 45 0¥
(4)ABCB1 ¥ 4% 73 7 i & . | ] TRRUST ¥4 J%2
(https://www. grnpedia. org/trrust/) 8T ABCB1 19 8 3%
53 o (S)BET 5 PCa [0 s 1Y & &£ 40 #r . AL
STRING % #& J& (https://cn. string-db. org/) X} BET 5
PCa I [F] 8 qi AT i R EE N S RN AH A B2 $
(Kyoto Encyclopedia of Genes and Genomes, KEGG) Fy
B E T, BOEFZESN “Homo sapiens”, #E4%
P<0.0S HEE, HATHLFHE LY KEGG & 53T

L11 Giifefab B SR SPss 23.0 #kE kAT 4e it o
Bro TR BRI exs TR, AR LBCR FHELIR R J5 22
I3 BT ORI ST REA A s SRR LA (9% ) R
21 [A] tb 35K HH Pearson P £ %6, P<0.05 8 22 AT 4t 1t

2 %] e

2.1 TaxR 5 C4-2B X} DTX SUZNE: M ABCB1 #ikRY 2%
5 CCK-8IERMZE L /R, C4-2B 5 TaxR il i X}
DTXH) ICSOQ‘%U%} 1.71 nmol/L f1172.3 nmol/L( 1A),
VKL AL 45 R R, DTXACH S, C4-2B 410
v T BB 308 /0 (P<0.01),  TaxR 20 il 5 F I ik
B A8k (P>0.05), 3] TaxR 4 X DTX Y ifi
214 (€] 1B) . Western blotting I qRT-PCR il 45
IR, TaxR 4l o' ABCBI & 1 F1 mRNA FHX R ik
KT C42B 4, 225 A Guit2=E X (P<0.01,
1C); siABCBI1-141 . siABCB1-2 241 ABCBI % [ #ll
mRNA FH X & 3k 7K - 34 B 18 A% T X i 41 (P<0.01,
K 1D), CCK-8 ¥ K il /IN Tt e Y4 TaxR 21 i il ok
ABCBI [ 45 W 7%, XF M4l . Bk xF B 4
SiABCB1-14f . siABCB1-2 41 TaxR Zfi Jfi X DTX [ IC,,
4 B 28 172.3 nmol/L. 167.7 nmol/L. 27.6 nmol/L.
25.5 nmol/L(& 1E).

2.2 BET il ABCB1 A% 38 35 X TaxR 4 ifd J&] 19 K 94
T-H R CCK-8 ik kil 25 R o, 5 X a4
(0mmol/L) FL#, 200, 400, 600, 800 mmol/L BET
b S TaxR 405 PR B R AIC (P<0.05, [ 24),
200 mmol/L BET X} TaxR 21 i 7P (1 3 1 RAK T 20% ;
Western blotting £l 25 5 i 7, 200 mmol/L BET &b 3
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] — (1) _ EIDTX (5 nmol/L)
. 2 ~ 2
¥ 80 @) Q) £ 801 @) 5) @) 8 ~
5 5 :
£ ©) = ©) f
% 40+ ) @) @ ?;% 40
2
:
(3)
0 1 1 0 1
0 051 2 5 1020 0 10 25 SO 100 200 C42B  TaxR
DTX (nmol/L) DTX (nmol/L) @
_‘i: 1.2 ) 100
| 80
® g

oo S 0>
e

C4-2B  TaxR

(=}
I

ABCBI mRNAMH N #357KF

ABCBI1E [ A4}
o
N

C4-2B TaxR

o
X3 '
) )
K2 R
5 2 @ @
= (3) 3) =
1 =
i Z
& o £
2 SHFHF 8 FFFF
PSS AL S
& &5 & & & ®
120~ X HRZH 120+ Uil e apiickic] 120~ SIABCB1-1£ 120+ SIABCB1-241
(1) 1004 — (1) 100 100
2 @) ) 2) = 0
& 80 (2) @) & 804 @ 2) & 80 E 804
R R R ©) R ()
et #1604 ) w1 60 ) w1 60
% 40 % 404 % 40 2) % 40
20- 20+ 20
0- 0- 0- 0-
0 10 25 50 100 200 0 10 25 50 100 200 0 10 25 50 100 200 0 10 25 50 100 200
DTX (nmol/L) DTX (nmol/L) DTX (nmol/L) DTX (nmol/L) ®

DTX. ZTifl3€; ABCBI. ATP %54 &5 HE A BL; Bactin. B-NLBITE 3 A AS[EMRE DTX H)3#4 48 h J5 C4-2B Fl TaxR i 1 5 1254k ;
B.DTX %] C4-2B 5 TaxR AL T M54 (14 d) ; C. C4-2B 5 TaxR ZHfil ' ABCBI 25 4 Fl mRNA A 214K F- (9 L 45 ; D. ¥ ABCB1 1Y
siRNA 5% 4% TaxR 4N /5 ABCBI £ |1 Fl mRNA AHXS Z35 K148 £k s E. CCK-8 VAR I siRNA § YL iij f5 TaxR 4NALZE DTX A 48 h 5 40 HE
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Bl1 TaxRAIMIXS DTX it 24 H1d %3k ABCB1
Fig.1 TaxR cell resistance to DTX and overexpression of ABCB1

A] B 52 FEAIG TaxR 40 ifd FP ABCB1 4K H i) %34 (P<0.05, Western blotting £l 45 5L 7~ , 55X BAIFI DTX
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Fig. 3  Network pharmacology combined with transcriptome sequencing predicts possible signaling pathways for BET to reverse

chemotherapy resistance in prostate cancer
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