. 1254 « F8 B 2025628 $56% B4 Chinese Traditional and Herbal Drugs 2025 February Vol. 56 No. 4

R EZ R iBE 4% PDK1-p-PDHA1 320 & R AZ SN SRR TR 2R

ROMYL A e, Ze!, KA, 3 g, &K
1. REWEFFER WKL KE 300000
2. REMALRERE WIRANEL, RKE 300400

B OE: B BRFOR N E IE 0] A R R i S B EE 1 (pyruvate dehydrogenase kinase 1, PDK1) B4k 74 Bl R i S8 E1
W3 o 1 (phosphorylation of pyruvate dehydrogenase E1 subunit alpha 1, p-PDHA1) HETiZMAEBEE (glutamine, Gln) 4%
WA SRR RNE. 5% RAARRFEFEMREZER (25, 50, 100 umol/L) T A A% IR PC-3. DU145. LNCaP
M5 ARSI RWPE-1 40, RAMEHER57E (cell counting kit-8, CCK-8) W 4MIE /1. 4 AR 4 RJE PC-3 4
SRR (ZHIETEAN, dimethyl sulfoxide, DMSO) . fREZE (100 pmol/L) £H KX JFi%H (0.03 mmol/L) #H, Transwell 7%
K 4n i 122868 71 TUNEL AN T K. AREER K Gln S RS T PC-3 41H, RXF&NE Gln JHFEK
T DR 5 IREMS T =8 (adenosine triphosphate, ATP) 7=4:7K*F, Western blotting y2: il 5E 2+ & BEf%HF 1 (glutaminase
1, GLSD) &EARZ/KT, RN NEMEIbE. R, BT SaA a7 8. R M4 25 32 KBS B0 il
. WS Gln REHASSIE N RIS . Western blotting 151 5E &40 41/ PDK1 & ARIE/KF. % PC-3 i/ Aasiis
TR (pecDNA3.1) 4. PDKI idFi&#iE (pcDNA3.1-PDK1) #H. PDKI & #{k (KD-PDK1) 4 A H %t (KD-Control)
1. PDHAI il RiXk# A& (pcDNA3.1-PDHA1) 4. KD-PDKI1+pcDNA3.1-PDHA1 41 K H5t [ KD-PDK1+pcDNA3.1 41, LA
KARFZZ (100 pmol/L) +pcDNA3.1-PDK1 £ K& F5t BEAR B2 2 +pcDNA3.1 4, e - fsb s . 258, T2, Gln
HFEKP. BEMES ATP P24k F I GLS1 HAFRIAKF . HE AT 5 Im A s/ R, s AR R TRy, BRI
FERBAYEXT IR, PRI B o0 R IR AR 1o . 855 AR X A AT F1 R RWPE-1 403 /) JC B3 820, {H 100 pmol/L
R R Al B IH AT S E PC-3. DUL45. LNCaP 400l (P<<0.05). SxfHR4Lbbis, R RANMEM 51220
BERMK (P<0.05). FTI/KPFREN (P<0.01), Gln {HFEKF. BRI ATP A /KFRERK (P<0.05). GLS1 &
HRIEKFESE R (P<0.05); Gln FHUSERE LRGSR, HRE RS Gn AT PC-3 4, R RAEHEMH Gln
HIFER (P<<0.05). 45 2382 54915 B0 ATk B, PDKI1 ViR B 2383 Gin AR ARI6RTT 71 51 ks (1) G 2 —, H PDKI
1£ PC-3 i ik, MR m] B3 MH] PDKI1 IRk (P<<0.05). 5 pcDNA3.1 AL, #E—H53 %55 PC-3 4Hfiu ) PDK 1
REMS AT BEA ARG A 51228 (P<<0.001). HIHIZHAEIET: (P<<0.001), H5m4HM0 1 Gln A (P<<0.05). S54RI Z +pcDNA3.1
L, I RIE PDKI BB W AR B 30 PC-3 A" #4728 I Gin ARBTHIRZMA (P<<0.05). Bt4h, 5 KD-Control A
LA, ek PC-3 4HMaHH 1 PDK 1 A Bh T #4039 58 512 28 - A2 b UM 12, 98055 Gin fX#i7KF, AT 5 KD-PDK1+pcDNA3.1
HELE, BeA i FIE PDHAL MIFEME 5 IX — 455 (P<<0.05). fRPISZIGRM, R AL B EMFIMREK (P<0.05).
2538 MR KB H0H] PDK1-p-PDHAT ki 520 Gln 4S5 ARG 51 AR
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Abstract: Objective To explore whether phloretin can affect the biological behavior of prostate cancer cells mediated by
glutaminolysis by inhibiting pyruvate dehydrogenase kinase 1 (PDK1)-phosphorylation of pyruvate dehydrogenase E1 subunit alpha
1 (p-PDHA1). Methods Human prostate cancer cell lines PC-3, DU145, LNCaP, and human prostate epithelial cell line RWPE-1
were treated with different concentrations of phloretin (25, 50, 100 pmol/L), and cell proliferation was assessed using the cell counting
kit-8 (CCK-8). PC-3 cells were divided into control (0.1% DMSO), phloretin (100 pmol/L), and cisplatin (DDP, 0.03 mmol/L) groups,
and cell invasion was detected using the Transwell method while cell apoptosis was detected using the TUNEL method. PC-3 cells
were treated with phloretin and/or glutamine (Gln) separately or in combination, and Gln levels, glutamate and adenosine triphosphate
(ATP) production levels were measured using kits, while glutaminase 1 (GLS1) protein expression was determined by Western blotting
in cell proliferation, invasion, and apoptosis were also assessed. Network pharmacology and bioinformatics were used to analyze the
intersection of phloretin, prostate cancer, and Gln-related genes. Western blotting was used to measure PDK1 protein expression levels
in RWPE-1, PC-3, and PC-3 + phloretin groups. Furthermore, The PC-3 cells were divided into control pcDNA3.1 group, pcDNA3.1-
PDK1 group, the KD-PDK1 group and its control KD-Control group, pcDNA3.1-PDHA1 group, KD-PDK1 + pcDNA3.1-PDHA1
group and its control KD-PDK1 + pcDNA3.1 group, and phloretin + pcDNA3.1-PDK1 group and its control phloretin + pcDNA3.1
group, Changes in cell proliferation, invasion, apoptosis, Gln levels, glutamate and ATP production levels, and GLS1 protein expression
in each group were measured. A prostate cancer xenograft mouse model was established, and phloretin intervention therapy was
administered, with DDP treatment serving as a positive control, to investigate the effect of phloretin on tumor growth in vivo. Results
Phloretin had no significant effect on the proliferation of RWPE-1 cells but significantly inhibited the proliferation of PC-3, DU145,
and LNCaP cells, with the most significant effect on PC-3 cells at a concentration of 100 pmol/L (P < 0.05). Compared with control
group, the phloretin group showed significantly reduced cell proliferation and invasion ability (P < 0.05), increased apoptosis levels (P <
0.05), decreased Gln levels, reduced glutamate and ATP production levels (P < 0.05), and weakened GLS1 protein expression (P <
0.05). GIn intervention yielded opposite results, and when phloretin and Gln were co-administered to PC-3 cells, phloretin inhibited
the Gln-induced effects (P < 0.05). Network pharmacology and bioinformatics analysis indicated that PDK1 is one of the key targets
for phloretin in the treatment of prostate cancer through the Gln metabolism pathway. Moreover, PDK1 was highly expressed in PC-3
cells and was inhibited by phloretin (P < 0.05). Compared with pcDNA3.1 group, overexpression of PDK1 in PC-3 cells promoted cell
proliferation and invasion (P < 0.05), inhibited cell apoptosis (P < 0.05), but enhanced Gln metabolism in cells (P < 0.05). Compared with
the phloretin + pcDNA3.1 group, overexpression of PDK1 partially reversed the effects of phlorizin on the biological behavior and Gln
metabolism of PC-3 cells (P <0.05). Additionally, compared with the KD-Control group, knockdown of PDK1 in PC-3 cells contributed
to the inhibition of cell proliferation and invasion, promotion of cell apoptosis, and reduction of Gln metabolism levels. However,
compared with the KD-PDK1 + pcDNA3.1 group, co-overexpression of PDHA1 reversed these effects (P < 0.05). In vivo experiments
showed that phloretin significantly inhibited tumor growth in mice (P < 0.05). Conclusion Phloretin affects GIn metabolism-
mediated prostate cancer progression by inhibiting the PDK1-PDHAL1 axis.

Key words: phloretin; prostate cancer; pyruvate dehydrogenase kinase 1; pyruvate dehydrogenase E1 subunit alpha 1; glutaminolysis
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W 2% 24 2 0 R L PDKA MR 2 2. R A e 5
Gln fRHCEEF AL i 22—, Il RN, 4h
SLIRIR UM B R Re @ 0 d) PDK1-p-PDHAL 13
S Gin A ST S IR, ETS)
JRgeE: 0 50 - LRI 98 S a7 T3 iR B A sl a6 S itk
1 M8
1.1 Atk 5EhH)

N Hi 8 B 40 i PC-3. DU145. LNCaP Al AR
Y R4EM RWPE-1 (4Ik'5 SCSP-532. SCSP-5024.
SCSP-5021) o+ [ A2 e L BY 355 FE W Rk 25 Dt 2
2 B

SPF i CS7BL/6 /MR 30 A, 4~5 JAlS
s (18+2) g, IWH RKEFEFHEEYFH AR A
A, YFAlS SCXK (EE5E) 2021-0001), 447 T
SPF i H, WE 22~26 C, MXHESE
40%~60%, TR AR 2N B H IR Y AK . A0t
TN R T R TR B AR BE 23 A 2k, i
54 NKYY-DWLL-2023-087.
1.2 AR5

R R 20T IR OB 23 30> 99%, A1t 5 60-82-2)
THRJETEAR (dimethyl sulfoxide, DMSO, JHE7%
99.98%, #t*5 67-68-5) 1 F 3% [F MedChemexpress £
PR A F] s F-12K 557835 (k'S PM150910B)MEM
RFE3E (LS PM150443). RPMIMedium 1640 1577
£ Git'5 PM150145). g iig (bS5 1642100 14
H OO A R A IR A s IRl AR Lipo-
fectamine 3000 %% 447 & (35 BL632A) TWH =
AR AR A E; PDKI it %A # 4K (pcDNA3.1-
PDKI, F: CGCGGATCCATGAGGCTGGCGCGGCT-
GCTT, R: CCGGAATTCCTAGGCACTGCGGAACG-
TCGT) KX RIS HAAXT I (pcDNA3.1). PDK1
HE#E A (KD-PDK1, ATCAGTGAATGCTTGTGA-
AAAGA) FHXIE (KD-Control, UUCUCCGAA-
CGUGUCACGUTT ) . PDHAl it % i& # 1k
(pcDNA3.1-PDHA1, F: CGCGGATCCATGAGGA-
AGATGCTCGCCGCC, R: CCGGAATTCTTAAC-
TGACTGACTTAAACTT) KX (pcDNA3.1)
AL G A A TR ARG 4T BT &
(cell counting kit-8, CCK-8, L5 PF00004) 4 4 2
W=TEEEARBIRA; R (iS5 356234)
V) Ab T T AR A R BR A 7] s Gln 177 & (it
5 BC5300). HAMIAT& ('S BC1585), IR
WeAZH — 1% (adenosine triphosphate, ATP) & &

KA £ (LS BC0305) W H b ZEERIEH
FRA R BCA HEMNE & (s P0010), +—
ot LIRS N I LG5S (sodium dodecyl sulfate
polyacrylamide gel electrophoresis, SDS-PAGE, flt5
PO012A). % — 5 &Ml (polyvinylidene fluoride,
PVDF, #it5 FFP19). RIPA Z4f# K (#t5 PO013B).
TUNEL {78 (fit5 C1089) M4 H _FilF 2 = RAY)
AR AR A7 ; PDKI Hifk (b5 ab110025).
p-PDHA1 Fiifk (#L5 ab177461). ki67 Hifk (L5
ab16667). GLS Pifk (IL'5 ab317032). HRP xic
Il 2B P =50 (IS ab6721) T EFEE Abcam
AF.
1.3 &5

Varioskan ALF 45 {% (3£[E Thermo Fisher
Scientific A7) ); PowerPac HC A Hiyk{x (3 H
BioRad A F]); BX43 A5 WA (HA Olympus
/N7 ); Microfuge 20/20R B ES.0AL (32 [E Beckman
Coulter Ao
2 &
2.1 EMEERESH

IR IEJG P<<0.05. [logoFC|>1 M NCBI ik
H 1) GEO DataSets Chttps://www.ncbi.nlm.nih.gov/)
W H L RS T GSE46602 . GSES55945 .
GSE70768 H1 ¥y i 41 i 22 5 Rk FE K R FH Swiss
1 Prediction H#E P T AR B2 2% A CHE 5. M
MSigDB ¥ i fl 2R R I AR IE S Gin AR
WHAH SRR« R Venn BEISTHE HZ 22 194 -5 45
AT B e 22 5 RIS HE R L 2 Gln ARUAH G RIEEAT
LT, JEIL PubChem i K2R IF T MR
FAL BNy FE5 K, JBiE PDB 3l k&
) Jii % Kz #% 1k [ ¥ ( mesenchymal to epithelial
transition factor, MET) ZE[EFI PDK1 #) =445 H) .
£ PyMOL 2.3.0 3 ¥ FF R Z (1) “PDB” (A,
AT, WFEEBRIECEE DR MERKS
T M AR 73755 1E “ AutoDock” HHAL B X2
S, E XSG T LA S T RS A AL, TR
MEESHNEFRA, WERBESE, WRERRERYS
MET. PDKI X [8] et Gl a6 e
2.2 YMEEIEFRS A

PC-3 AR5 FREIIN 10%054- M%) F-12K
B, DU-145 4005 LNCaP 40/ 73 9] 55 FR1E
EH 10%J64 M35 1% Glny 1% 100 mol/L T4 i iR
ENVER MEM £ 775281 RPMI Medium 1640 £ 7%
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Fert, RWPE-1 MR FRESH 15%N64F Mg A
10% DMSO M5 FRllt . Fra 4T 37 C.
5% CO2 B 8537

Ha AT H A K S AR d 5 X 105 AN /FLEE
T 96 FLAR, #4853 Xt B ZH (0.1% DMSO),
WERM. . &mAE (25, 50, 100 pmol/L)
ZH8], J4A (0.03 mmol/L) PIZH, Gln (2 mmol/L)
#HB1, Gln (2 mmol/L) +#R 2 (100 pmol/L) #.
MU TE NGRS, RBRIEA IR, ol e
IR 259, 4REER59% 12 he

BT B KA PC-3 4R34 2 X 105 >/
P 96 FLHR. FFAMERKEER 60%~70%, F44H
M5y NS XTI (pcDNA3.1) 4. PDKI idEiA#
A& (pcDNA3.1-PDK1)41 . PDK1 ik 4A& (KD-PDK 1)
H L HSTHE (KD-Control) 4. PDHA1 i FRiA# A
(pcDNA3.1-PDHA1) #1. KD-PDKI+pcDNA3.1
“H. KD-PDK1+pcDNA3.1-PDHA1 21, 1R & %
(100 pmol/L ) —+ pcDNA3.1 4 UL 2 1R & & +
pcDNA3.1-PDK1 4. #2## Lipofectamine 3000 12477/ &
VLB AT R R YA, o0 I e e AH LA
2.3 CCK-8 M40 paE5EE 11

PB4 PC-3 4RI LA 2X 105 AN/ALEEFRDT 96 4L
B, T 37 C 5% CO, HMEIRES FRA PR 12h )5,
FEFLIIAN 10 pL CCK-8 ¥k, 4k4:R59% 1 he FIH
BEEARXAE 450 nm P KNl e BALIROEE (4 {H
HH AT 77

RIS /1= (A 25— A we)/(A s—A 21
2.4 Transwell ¥ 0¢AIRZE

W05 A K PC-3 Al L 1 X 105 4N/4L
R T A L FIRE Transwell /NER) F=E, [FH
AN A 1% 4 MIER) 1640/F12 ¥i7:71: T =
INEH 15%B4 5T 1640/F12 ¥53%8#, 12 h
Je, RIS FE A K AERZEZNAE, Xt
LR Dl 5 37 5 ol Ji Bt A T b 3 KT ) At e gk A T
[ e e, T RAE Nns gL dif, BEYLER
3 ANPREF AT T
2.5 TUNEL %M 4HREET

R 1X10° /N 4Hf, &2 gl i Zeid PBS
Ve 2 Ja, T 4%Z EKREEH 4 CHEE 30 min,
FRXAEH PBS Pl 2 I, FF 0.3% Triton X-100 1]
PBS ¥R S I ALF 5 min, PBS YEIR4IHE 2 K. %
R & Ul W B BCH] TUNEL IR AT, R4
HuBEFRAR R 0N 50 uL ¥ TUNEL i, T 37 C

BEEIFE 60 min. PBS Mk 3 UG, HPURIEEK
B F, 2R AE R B OB (550 nm)
FUR SR (570 nm) N T4 i 1 20 (6.5
FricHic iR T 5.
2.6 ZAfE Gln JEFEKE. SREKFER ATP KF
ME

G35 X100 N, %8 Gln, 2K . ATP
B BRI S U B AR AT AR B, e A
MM Gln JHFEKF . BREBRKF S ATP Ko
2.7 Western blotting ;%M E X ERBFRIEKFE

B & HA M L FL 5 X 105 AN /FLEEFN T 6 LI
R TIA R PBS TRk 2 5, BILIA
120 uL 445 RIPA ({774 PMSF 400240, Kt
2 1.5mL BOEH, K EFE 30min, & 10 58
21K, 12000 r/min 850> 10 min, Y8 L&,
K BCA LM E 2 FE S P 1 B R BE . X 20 pg
MEEARES, 5 EFSMRIRS S, T mive
PEACHE, BR PR Sh 4 T bE SRR R 3R TN A e At
ek, %% PVDF i, FBUIRGFE MR 1 h )5,
WeRE 3 ¥k, 43BN GLS1 (1 : 1000). PDKI (1 :
1000). p-PDHAI (1 :2000) —#i, 4 CIFH LR,
YRR 3 WJE, Pt (1:2000) =IEME 1 he [
ECL fL2t R RGO 5, A Image-J #04E%
SRt TE R K AR
2.8 EINE. BIRKNAT

BAL T804 K300 PC-3 Zafsfil g 1< 107 ANl
AR ERR AT, W RN RA MR
i sc 0.15 mL 40, 7d JaMR iRk 24
30 mm?®, ¥ 30 H C57BL/6 /MR BENL /> R4
DMSO 4. it (2 mg/kg) AR 7 21 B (25,
50 mg/kg) ZHUO, fiH] DMSO FHR =, HREE
i =fIEL ip AHMAR B 2 DMSO % (0.2 mL),
DMSO 41 ig Z4&F DMSO, A4 ip 0.2 mL 4
TR, B2 RV, RRSE 6 . sSIGE, 9
[ — e e FE b RORS B PR A K42 (a) AT
1R (), THEMRARR. SEIREE R, X/ R SE it
GIRAE, SERPRIE RN, e R i .

IR A =ab?/2.
2.9 BhELELR Gln JHFEKTE . SRERKFE ATP 7k
M E

BN SR B 4235132, 12 000 X g 540 5 min Ji5
Foe BT 6 U B 500 5 IR 2048 Gln YHAEKF. &
TR ATP K-
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W bR L2 52 T 10% P AR R Ak, HEATH
MR 5L Y) Fr, U RS K . B
WPURBE G I 3% BSA #H )5, 25 GLS1
(1:500).ki67(1 : 200).PDK1(1 : 200).p-PDHAI
(1:250) —9i, 4 CIHFIRH. BFREMAZDE
I E . DAB Wb, BARREG, —HIREWEEH
Ao TS MR EENIFRERE, KH
Image-Pro plus HfF70 & 4 g 4H 24 GLS1,
ki67. PDKI1. p-PDHAI [ 35625 FEA 12,

S48 PR = R4 6 AL/ X SR T
211 FitFESH

P8 4E LA X £s %R, KM GraphPad Prism

9.5 AFIATGert /bt 4L IR) b s ik FH AR FE A ¢
RS s 2 20 A LLIBCR B R 3R 22 90 AT
3 #R
3.1 WETFIAREMEAENIEE. RERATHFI
S FEZH LR, TR B A [ 75 AR B2 25 1 Tl
Sof R A R4 i RWPE-1 BG4 1% 176 B 56 5 i,
{HRE A% B 2 A0 1) & 50 20 IR B 3G 5 (B 1-AD
W5 S8 45 B 78 100 umol/L AR Jz &%) PC-3
2 Pt 358 5 52 e B R, DRTRIE A 100 pmol/L AR 7
RN PC-3 MIEAT J5 2: 5080, 45 RN, 5xXE
M, R R MM AR 2858 /1 PR (P<<0.001).
THTRE N (P<<0.01), HEFIEMLM (K 1-
B. C).
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A-CCK-8 Al AT e Iy 45K B-Transwell F:JI4IA{Z 245K (X200); C-TUNEL ASUAIHIA T HIL5 R (X200);
0.05 "P<0.01 "P<0.001.

A-results of CCK-8 detection of cell proliferation activity; B-Transwell detection of cell invasion results (x 200); C-results of TUNEL detection of cell
apoptosis (x 200); "P<0.05 "P<0.01 ™"

1 REZAGIETSIBRE AR IEE S REFBHMEMAT (X£s,n=3)

Fig.1 Phloretin inhibits proliferation and invasion of prostate cancer cells and promotes cell apoptosis (X £ s, n=3)

EXRA R P<

P <0.001 vs control group.
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3.2 ¥ PC-3 {HREEMIZFIT ARSI

meE 2 fow, SxtiEd i, R4 PC-3 41
Hid Gln WHFEAKE. BEIRS ATP KPR (P<
0.05. 0.01), GLS1 HHFIENKFFHIK (P<0.05), 4
P85 512 288 1A% (P<<0.05. 0.01), ZHAIET %L
HIE (P<<0.001); Gln ZH GIn EFEK T, BRI
ATP 7KFH8)0 (P<<0.001), GLSI AR IEFKIEKT
Hm(P<<0.001), AfusE 5125868 14+ (P<<0.01.
0.001), T (P<<0.05), BILBEAH L &AL G
ML T iX—455 (P<<0.05. 0.01. 0.001).

3.3 R ZEHF| PDKI 7 PC-3 AP IS RIA
GSE46602. GSE55945. GSE70768 3 /™ FE[A] 5
B SRS 2] 1688 AN HI i 25 7 R IA FE A, Swiss
A1 Prediction U4 FE Tl 75 2] 437 MR K 25 AHCHE
&, MSigDB M3 5 Ok R 1 SCHERUTIFE A 21 180 A
Gln RUEAHRIERE, Venn KX =FH LG F]
12 DNAZEERE S (B 3-A) . A PR R BRI R
Al MET HXHE #0873 keal/mol (1 keal/mol=
4.182 kJ/mol), & PDKI1 KI5k
—8.0 kcal/mol, F B FZ Z Al PDK1 2 8] (1) 45 & fg
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e @ i
% :R)&{ 40
ot n 20 *5k
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§ L1, 1 E= .
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iE 30—
Sl & _—
Gln Gin-HHRH; % B 205 =
2
g

SHE M E Gin GnHiRIEE

A-Gln JHFEKT; B-BREFIKT; C-ATP /KF; D-GLS1 HAKIAKT; BE-CCK-8 f 4N 5 TS /J; F-Transwell fMI4NARZZE (X200); G-

TUNEL fM AR T (X200); SxFEEALE: "P<0.05 *P<<0.01

**P<0.001; 5 Gln 4% *P<<0.05 ##P<0.01 **P<0.001.

A-glutamine consumption level; B-glutamate levels; C-ATP levels; D-GLS1 protein expression level; E-CCK-8 detection of cell proliferation activity; F-
Transwell detects cell invasion (x 200); G-TUNEL detection of cell apoptosis (x 200); P <0.05 P <0.01 P <0.001 vs control group; *P <0.05 *P

<0.01 **P<0.001 vs Gln group.

2 REZEHF Gin REXT PC-3 MAREMZITARENE (X£s,n=3)

Fig.2 Effect of phloretin inhibition on GIn metabolism on biological behavior of PC-3 cells (X £ s, n=3)



1260 * F8 B 2025628 $56% B4 Chinese Traditional and Herbal Drugs 2025 February Vol. 56 No. 4

A

RWPE-1 PC-3 PC3+IREZE

PDK1 & H&RIEKF

A-RTHIRE MREZER. Gin RUHHSSHEE T B-ARE 3 PDKI [53- 7545 C-Western blotting Wl PDK1 ZEHFIA (X £ S, n=3); 5 RWPE-1

b ""P<0.001; 5 PC-3 41bkE:: *P<<0.001.

A-intersection of prostate cancer, phloretin, and glutamine metabolism related targets; B-molecular docking results of phloretin and PDK1; C-Western
blotting analysis of PDK1 protein expression ( X £ S, n=3); ™"P <0.001 vs RWPE-1 group; **P < 0.001 vs PC-3 group.

3 1REFME PDKI 7 PC-3 R HIERIA
Fig. 3 Phloretin inhibits high expression of PDK1 in PC-3 cells

58 ( & 3-B). Western blotting 45 41 3-C iR,
PC-3 41 i+ () PDK1 5 H K IA B3 5T RWPE-1 4
il (P<<0.001), TR K2 AEAS 5.2 i) PC-3 il
) PDKI1 2 H#&IA (P<0.001).
3.4 JI3RiE PDK1 W3R R X PC-3 LA+ 4%
1THE Gin RiEHHIFZ N

WK 4-A~H Fir, SxH@AtE, g RN
PDKI FEHFRIERE L (P<0.001), 4HfusE 512
R )1 N (P<<0.01.0.001), FHT-H 1 (P<<0.001),
Gln JHFEKTF. BEFRA ATP /K TFRHE (P<0.01.
0.001), GLS1 HHAKIAKF T (P<0.001); 5
pcDNA3.1 4L, MREZZ +pcDNA3.1 H4HfEH
PDKI1 HEHEIETE (P<0.001), 4HAINHE 51278
fie 7189 (P<<0.01. 0.001), T8> (P<0.001),
Gln JHFE/KF. BEEAM ATP KFTHE (P<0.01.
0.001), GLS1 HEHFIAKKIS (P<0.001); 5
R & +pcDNA3.1 4EbEE, MR &K + pcDNA3.1-
PDK1 41 PC-3 4ififith PDK1 & [ EIEK VT (P<

0.01), il g3 58 5 1= 28 5 /1 £ F+(P<<0.05.0.001),
JHT> (P<0.05), Gln JHFEAKF. BEIRFI ATP
AF_EIH (P<0.05), GLS1 EAFIEKF FE (P<
0.001).
3.5 _EiE PDHAI #5508 PDK1 %t PC-3 4f4
YT R Gin R HIEZ MR

xR A i, o PC-3 408 ) PDKI
J&» p-PDHA1 & [ LA IMH (P<0.001), 4
i 36 5 5 1% 28 g 11 FR AR (P<<0.001), 8 1235 n
(P<0.001), Gln WH#E/KF. BEERA ATP /K
SFRFE (P<<0.001), GLSI1 & A £k K7 FEAL
(P<0.001); 5 KD-PDK1+pcDNA3.1 41 b #5¢,
KD-PDK1+pcDNA3.1-PDHA1 41 p-PDHA1 %
LG (P<0.001), 4003 5E 5 1% 22 68 11 52 7+
(P<<0.05. 0.01), Tk (P<0.05), Gln ¥
KK, BRERA ATP KF EE (P<0.01,
0.001), GLS1 & AR A K1 (B 5-A~H,
P<0.01).
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AR T ENZENE PDK & 1% B-CCK-8 MlI4NIFATE 77; C-Transwell #NAIMIEZE (X200); D-TUNEL RU4IMIAT: (X200); E-Gln 7
FKT; FARIIKT; G-ATP KT H-GLS1 RAFZAKT; a-5ti@eH; bR R cpcDNA3.1 4; d-pcDNA3.1-PDKI 4; e-HJ% %K +pcDNA3.1
40 AR FE+pcDNA3.1-PDKI1 4l; SxiE4LLbR: “P<0.01 ™ P<<0.001; S5 ZE+pcDNA3.1 4HELE: P<<0.05 #P<<0.01 ##P<<0.001.
A-Western blotting analysis of PDK1 protein expression; B-CCK-8 detection of cell proliferation activity; C-Transwell detects cell invasion (x 200); D-
TUNEL detection of cell apoptosis (x 200); E-glutamine consumption level; F-glutamate levels; G-ATP levels; H-GLS1 protein expression level; a-control
group; b-phloretin group; c-pcDNA3.1 group; d-pcDNA3.1-PDK1 group; e-phloretin + pcDNA3.1 group; f-phloretin + pcDNA3.1-PDK1 group; **P <
0.01 " P<0.001 vs control group; “P<0.05 *P<0.01 *#P<0.001 vs phloretin + pcDNA3.1 group.

4 b8 PDK1 HERE =X PC-3 HAEMIFITAK Gin RIFHIFM (X £s,n=3)
Fig. 4 Upregulation of PDK1 reverses effect of phloretin on biological behavior and glutamine metabolism of PC-3 cells
(Xts,n=3)
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A-T G JFENZENE p-PDHAL £iA: B-CCK-8 fIZHAIEIHE 7J; C-Transwell KUZNMZ5% (X200): D-TUNEL MrllZHf = (X200): E-
Gln VHFEKF: F-BEBKTF: G-ATP /KF; H-GLS1 HREKIEKF: a-KD-Control Z: b-KD-PDK1 4H; ¢-KD-PDK1+pcDNA3.1 41; d-KD-
PDK1+pcDNA3.1-PDHA1 #; 4 KD-control ZHE6%%: “"P<<0.001: 5 KD-PDK1+pcDNA3.1 #LL#: #P<0.05 *P<<0.01 *##P<<0.001.
A-Western blotting analysis of p-PDHA1 expression; B-CCK-8 detection of cell proliferation activity; C-Transwell detects cell invasion (x 200); D-
TUNEL detection of cell apoptosis (x 200); E-glutamine consumption level; F-glutamate levels; G-ATP levels; H-GLS1 protein expression level; a-KD-
control group; b-KD-PDK1 group; c-KD-PDK1 + pcDNA3.1 group; d-KD-PDK1 + pcDNA3.1-PDHA1 group; **P < 0.001 vs KD-Control group; *P <
0.05 #P<0.01 ##P<0.001vs KD-PDKI + pcDNA3.1 group.

5 _tiE PDHAIL #4E0F PDKI 5 PC-3 AMEMFIT AR Gn RIFHIFM (X£s,n=3)
Fig. 5 Upregulation of PDHA1 and reversal of PDK1 knockdown affect biological behavior and glutamine metabolism of
PC-3 cells (X £s,n=3)

3.6 FHNEBEBRISN

FH/NRMEHLANE 6-A, HHEMHAE,
DMSO T Fil A Xt iygg 4 2 A K 7= AR B B s .
K 6-B~C fli7n, 5 DMSO Z4LELE, 2. AR R
% 25 mg/kg A 5R BE& 50 mg/kg 4/ BRI AR AR
L5 g SR B R B (P<<0.05. 0.01. 0.001). 4nl
Kl 6-D~F Fizr, BgZH4id Gln JHFEKF. B
i 5 ATP KPP (P<<0.05. 0.001); W 6-G
Fis, 5 DMSO #lt%:, GLS1. ki67. PDKI. p-
PDHA1 FKik¥ R E B (P<0.001).
4 g

T4 g 2 WA PR 2R 4w e i L PR SR R 2
—, HORA BRI E A 2 ETES,

Xof 2 A B 1 RR R (00 R ALY T 7 R < T A R
(1 I B P R G T R LI R ST AR 2 B TE RS
I LA T R e s R PP B, Ik g — 251 n T
YEIT MRS e M 3], o [ 24 1R YR 9T R A R
P EAMEFMMSE, 2. 28 A 282N
S5 PR AR FH LR & I 2 B R D A B R 1)
YBITIRAL T TR R4, BE TR, M A
ST 1) Pt 20 L P OB A S B , S BRI
PR G 1 ELS IE 5 40 B e /N D01 AR 9 IR
TR Y AR S BGAIE SEAR K2 2 B 1R N RIS IS BT
29T 11, BN PDK1-p-PDHA {55l #% &%
Gln R PT 582 ILAEFALH] .

Gln /2 ¥ 41 g 3547 Be = ARG R0 AR & B 1)



¢EH 2025628 B56% B4 Chinese Traditional and Herbal Drugs 2025 February Vol. 56 No. 4 1263 -
A B C D
R Ut MR 25 pmol- L
& ® & & @ @ 500 DMSO + HiFEZ 50 pmol' L1 1.5 15
I
DMSO ' ‘ [ ] - ‘ a & L >
I & 1000 %
e @ 0 o ® e £
25 *Eﬁ?] @ ©® % ® 9 @ = 50 = 03
pmo = 5
[ . = :
50 umol-L™! e e 2 0- 0 o2
H55 DMSO Jii1 2550 *%i DMSOJiF1 2550
MR F/ (umol- L™ WREE/(umol L)
E F G o % mDMSOm i = WRE#R m RER
250+ 25 umol-L™! 50 pmol-L!

A DMSO JIf 25 50

MR 2/ (umol L)

&R DMSO Jif 25
B/ (mol L)

MR 2/ (umol L")
25 0

p-PDHAI

GLS1 PDKI Ki67 p-PDHAI
MR A 2/ (umol L™
[ DMSO Ilﬁ%E 25 50
PSS Ry 7 8 LYEETRIEANS ARG B

AN ER : B-IR AR C-IR T & D~F-MEZHE Gin W FE/KF . BETRKTF . ATP KF; G-Z 4R 241 GLS1. ki67. PDK1. p-PDHAI

FEEE E(E (X400); 5 DMSO 41E4:: "P<0.05 ™P<0.01

**P<0.001.

A-tumor images; B-tumor volume; C-tumor quality; D—F-tumor tissue glutamine consumption level, glutamate level, ATP level; G-average optical density

values of GLS1, ki67, PDK1, and p-PDHA1 in tumor tissues of each group (x 400); “P < 0.05

&l 6

“P<0.01 *P<0.001 vs DMSO group.

REFMFNEBEBEREK (XLs,n=6)

Fig. 6 Phloretin inhibits growth of transplanted tumor tissue in mice (X + s, n=6)

BRY, AT UIBRE R TTE T 4 Csilent
information regulator 4, SIRT4) 1#iL I Gln A5
REBE A0 0T 2 im0 AR T A . R 28R I AN B,
T Gin AR IS BRA: X T8 20 i ) 0K LB PR A T
NEARBEERIS, BERZE Gn R~
» HIKSFRARAG AT DA B Gln AQH S BRAR S,
GLS1 /2 Gln R R, 11976 Gln #Ab A%
AR, RN =R BRIEIA ATP, @ 151X
SEAQUIAH SRR AT LASE e 240 B AR SPIR S A A
KAe 7, AR IR T FRERT R0, A 7T R B0
R AN — PR ANE Y, HyuE AR T
E%Wﬂﬁ%@ﬁﬁﬁﬁﬁﬁtndwkﬁ%w&
HHET . Wi N GLS1 [I%iA, BHW Gln AR
FRIAL, Wb ATP AR, 7R TR R

AT 51 B 4 M Gln A b ) BN thAh, A
WEFIEIE R T Gl 78X 51 471 i des 40 i A= ) 247
IR AR, DLRGX P E FEAR B RIBIT 5t T
B AT IR o 3X — KIS R B EIRIT 8 7, fEfd
FAM B R 5P 4RI FIN, 54 Gin AR IS
Tl , ARG S SLELE AR AR TT ROR

PDK1 #& PDKI/AKT/mTOR &5 i@ & ) —
AN KBRS 7y, 24 PDKI [ 255 BOE L3 I it
A LABOE T AKT A1 mTOR, 3k 17 4 2 1t 471 fig
e A BB AEAT AT FERT S e, PDHAL i@
HAERFH mRNA BFRENE, WOE Zobi i,
A2 33 17 1 e ()3 e, T BRI 35 M I R 2 A E
5 30 ) 70 6E F A R R R T RS kT
PDHA1 FIFHEFIATFFE KB, @ik PDHAL B4
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IR 240 P R AR Th g, IR 3 Gln AR AR 35 33E 1 1)
il A M 3G 00T, AR A — DR T BEIR ALY
PDHA 1 75 71 &1 B9 40 M Gln AR 18 =5 R0 40 i 4=
WIEEAT AR . A, BEFEER B PDKI1-p-
PDHA1 15 518 % 5 0 &7 b R 44 45 G 1) TR 4
FH s JE A A5 S s, AT DA S R 4 A 1 IE
AR, H G A I (R gk LR TR0 AR AT
RIL, (ERiFIARE S, PDK1 K p-PDHA1 M
5 FE Gln AR BHE AR 10 F g 2, A5 40 g 58 40 1) T3
it Gln A @kt 5E & A A9 & AT 75 (1 v a) 7
Yo SRR J2 i@k #0H] PDK1, BB T Gin fR
A B E G A , AT A T 2 e A ) A A
2R ST, FOeEk T HF T, BhAh, ThREsRit R
i RIE PDKI1 BB AL AR B 0T 20 sl . 1R 28
P DL Gin AR 52 ; I H i 3% PDHAT1 I,
REB% I ROm ik PDK 52, 1% 5 115 51 e 40 B 5o
Gln KA AN e AR IR R P E g TR, e 40
L P 2 R A B

2% I, PDK1-p-PDHA 1 {5 518 I 7E 11l 41 i 1)
GIn RUF R ICEEME, HR i@ PDK1 >k
VA X — 15 5 8 B, 33 177 5 1 1 A7) e 4 i 1) e R
AR RN AE W B s 42, 49051 400 P 1 86 5 R 42 2B 6 7
TR T . BRSNS 45 R, AT iE RN
S, HE— P UE SR B R AT Ae i@ ik i) PDK-p-
PDHAI 15 Sl #1812 Gln AH& R R IEIRIT R
G IVE R, AR L AR b T, (HAR f7 3
VB — B KA P AT e B AT B8 4 1 22 4 1 F i
. Rk, AR R ALEIRIT A AR T B
N AT, R D RATE R .. 2R, 24T
W8 32 B 7EAR B 2 % PDK1-p-PDHA1 15 5@
% K Gln AREHEAR FIFIE 520 F, BAKK 25 [A]AH
HAEAA Tt D IRNIRTT o AR 0] LUF] FH il
MR EAFAY REHS S EARTR, &
M ENTAR 2 Z % PDK1-p-PDHAL 15 5i#% &% Gln
RHRARE N . [N, S e S
AT B s A AR R e 22 A1 A TE B R, 9 i 47 e
RV T PR AL R A4
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