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H 1

fERRJE (Pancreatic Cancer, PC) J&—Ff i BB VE AL fped, R Y7 i Im IR Bk bk . Iiisn

(Cisplatin, DDP) J2PCHI—ZAbIT 254, o7 %052 2 M 25 14 PR A1 . £kZET. (Ferroptosis)
VEN—Ropr B A MR PP At T 07 3, AR T A 32 ki . LM E M (Dihydroorotate
dehydrogenase, DHODH) #{#fi & A— P (IERFET- B 4y +, MBI T B BN, A2 g
(Resveratrol, RSV) & —FRAMZIMLEY), BAEZENIMIBEEE. A5 EERITRSVIE

1 7 DHODH 1A X PCAN MU AR AL T HISE I, FEVFAG X DDPALS T BBUBE i T (R, AT JyPC
(O YA 97 $ AT ) BV AR H RTE 7E V6 T SRS
Tk

A FEFIER DDP A A BRI R (PANCL) FINJRALEIRIREAL R (BxPC-3) ;
i FERBET 47 (Ferrostatin-1, Fer-1) ACFRANMI; 8 H GEPIA 7 #r i iRdE (PAAD) U4, i
A FEIET-RIEE S DHODH, DDP 5 Fer-1 FHECEL G ACFRANM; il FHA%EHS (Brequinar,
BQR) Al RSV X4 fdt47+i; it3iX DHODH %[, 5 DDP. RSV JL[FF-Fdufd. il 4uiait
HAFME (Cell Counting Kit-8 assay, CCK-8) il € 40T 77; western blot A I ZH g 23 b H kit
AV 4 (Glutathione Peroxidase 4, GPX4) . #&JREAARZKE 7 i 11 (Recombinant Solute Carrier
Family 7 Member 11, SLC7A11/xCT) Hl DHODH {8 A 3RIE /K5 @I 43 66 B I 5 40 i 3 75
% (Malondialdehyde, MDA) &, vFAlifEid A WFEE; DCFH-DA FRE! o I 40 A o 3 14 46

(Reactive Oxygen Species, ROS) 7K, #E— 1 MR8 NI AR A JC-1 SR ETar il 4 o 2
FLAKIE A7 (Mitochondrial Membrane Potential, MMP) HJAR4K, s A58 ¢ 'y A6 ) 241 o 16 5 s &4
Ki67 [I7KF, PPALAH MGG A4 RIIR Saeker U4 Bt 7% 5 7 1424k o

@

1. DDP %} PANC1. BxPC-3 4HERIET-HISEMT: SXIREAAHEL, DDP 4B 2 J5, PANCI.
BxPC-3 4iJfljiE /) & T F (P<0.05) , BRIET- B GPX4. xCT HEARKRFIK (P<0.05) ,
ARG IR, ROS ZE5RE . MDA F&FHE (P<0.05) , 41 MMP F#{ik (P<0.05) , 4}y
JEREI NI, Ki67 BOLIREFRER (P<0.05) .

Fer-1 &b¥1 )5, 5 DDP 44HEL, Fer-1+DDP ZH4HE /it (P < 0.05) , GPX4. xCT HHHE
EACETHE (P <0.05) , i ROS LR (P<0.05) , MDA F&EFK (P <0.05) , 4
MMP Jh& (P<0.05) , Ki67 RIEamE5 (P<0.05) .

2. BQR %I DDP #5511 PANC1. BxPC-3 4k sbT 152 m: BQR T-Hij5, 5 DDP AL,
BQR+DDP H41ff1i% /) FB# (P <0.05) , GPX4. xCT. DHODH & /K F#Ii&E T (P <0.05 ,
4ffgH ROS 7K~FJHaE (P <0.05) , MDA &ETJHE (P <0.05) , 4l MMP [£{X (P < 0.05) ,
Ki67 ZIGHREREL (P<0.05) , AMMTHAE T, RIRESHEEIIC (P<0.05) .

3. RSV XJ DDP #3#J PANCI. BxPC-3 ZfERILT /I RSV )5, 5 DDP 4HEL,



RSV+DDP ZH40fi3% /1 R (P < 0.05) , GPX4. xCT. DHODH & [1#ik T (P <0.05) , 4
1 ROS FREMZ (P<0.05) , MDA &E&THE (P<0.05) , 40 MMP [k (P<0.05) , Ki67 %
JEEREEFEAL (P<0.05) , ZHMLIEFERES T 1%, MPRAEFREL (P<0.05) .

4. DHODH i #ix%f DDP %S PANC1. BxPC-3 4UfuksET- 5L : CCK-8 4R ER, 5
Ad-nul+DDP+RSV ZH#{tt, Ad-DHODH+DDP+RSV ZH4iAE5 71 EF+ (P < 0.05) , western blot 45
R EIR, Ad-DHODH+DDP+RSV 4 GPX4. xCT. DHODH fFRHFIA LF (P <0.05) , MMP il
iR IR, Ad-DHODH+DDP+RSV 440l MMP F+i5 (P < 0.05) , Ki67 HEséest RiER, Ad-
DHODH+DDP+RSV 4 Ki67 %3 EF R (P < 0.05) , 4UUIGFERE J3ham, LIRS 45 R 5K,
Ad-DHODH+DDP+RSV HZ4H L #% fie /133 (P<0.05) .

i

DDP #]iEi#iS DHODH /S EkstT-#%] PANCI. BxPC-3 4Hfu%E. #ifl DHODH %%
PANC1. BxPC-3 4fiffi )k A= kstr:, HIE3% DDP Ui, RSV mRgdEd #1H| DHODH ¥ {2 it DDP
(B AR
4@iE: DHODH; WEARJE: WE; Pstrs; (e



Abstract

Objective:

Pancreatic cancer (PC) represents a highly aggressive malignancy of the digestive system, posing
significant therapeutic challenges. Cisplatin (DDP), a first-line chemotherapeutic agent for PC, demonstrates
limited clinical efficacy due to inherent cellular resistance. Ferroptosis, a novel form of regulated cell death,
has emerged as a promising therapeutic target in oncology. Recent studies have identified dihydroorotate
dehydrogenase (DHODH) as a key regulator of ferroptosis defense, establishing it as a potential therapeutic
target. Resveratrol (RSV), a naturally occurring polyphenolic compound, exhibits potent antitumor properties.
This investigation aims to elucidate the impact of RSV-mediated DHODH modulation on ferroptosis in PC
cells and evaluate its ability to enhance DDP chemosensitivity, thereby providing novel mechanistic insights
and potential therapeutic strategies for clinical PC management.

Methods:

Human pancreatic cancer cell line PANCI1 and primary pancreatic adenocarcinoma cell line BxPC-3
were treated with varying concentrations of DDP. Cells were also treated with the ferroptosis inhibitor
Ferrostatin-1 (Fer-1). The GEPIA database was utilized to analyze the pancreatic adenocarcinoma (PAAD)
dataset, identifying DHODH as a key protein mediating ferroptosis. Cells were treated with DDP and Fer-1
individually or in combination. Interventions were performed using Brequinar (BQR) and Resveratrol (RSV).
DHODH protein was overexpressed, and cells were co-treated with DDP and RSV. Cell viability was assessed
using the Cell Counting Kit-8 (CCK-8) assay. Western blot was employed to measure the protein expression
levels of Glutathione Peroxidase 4 (GPX4), Solute Carrier Family 7 Member 11 (SLC7A11/xCT), and
DHODH. Malondialdehyde (MDA) content was quantified spectrophotometrically to evaluate lipid
peroxidation. Intracellular reactive oxygen species (ROS) levels were detected using the DCFH-DA probe to
assess oxidative stress. Changes in mitochondrial membrane potential (MMP) were monitored using the JC-
1 fluorescent probe. Immunofluorescence was used to detect the expression of the cell proliferation marker
Ki67, evaluating changes in cell proliferation. A wound-healing assay was conducted to assess alterations in
cell migration ability.

Results:

1. Effect of DDP on ferroptosis in PANC1 and BxPC-3 cells: Compared with the control group, the
viability of PANC1 and BxPC-3 cells decreased significantly after DDP treatment (P < 0.05), the levels of
key ferroptosis proteins GPX4 and xCT were decreased (P < 0.05), Oxidative damage was exacerbated, as
indicated by increased ROS fluorescence intensity and elevated MDA levels (P < 0.05). Mitochondrial
membrane potential (MMP) decreased (P < 0.05), and cell proliferation capacity declined, evidenced by
reduced Ki67 fluorescence intensity (P < 0.05).

After Fer-1 intervention, compared with the DDP group, the Fer-1+DDP group exhibited increased cell



viability (P < 0.05), elevated expression of GPX4 and xCT proteins (P < 0.05), reduced ROS accumulation
(P <0.05), decreased MDA content (P < 0.05), restored MMP (P < 0.05), and enhanced Ki67 fluorescence
intensity (P < 0.05).

2. Effect of BQR on DDP-induced ferroptosis in PANC1 and BxPC-3 cells: After BQR intervention,
compared to the DDP group, the BQR+DDP group showed decreased cell viability (P < 0.05), downregulated
expression of GPX4, xCT, and DHODH proteins (P < 0.05), increased ROS levels (P < 0.05), elevated MDA
content (P <0.05), reduced MMP (P <0.05), diminished Ki67 fluorescence intensity (P < 0.05), and impaired
cell migration ability, as indicated by reduced wound healing rate (P < 0.05).

3. Effect of RSV on DDP-induced ferroptosis in PANC1 and BxPC-3 cells: After RSV intervention,
compared to the DDP group, the RSV+DDP treatment group exhibited decreased cell viability (P < 0.05),
downregulated expression of GPX4, xCT, and DHODH proteins (P < 0.05), increased ROS accumulation (P
<0.05), elevated MDA content (P < 0.05), reduced MMP (P < 0.05), diminished Ki67 fluorescence intensity
(P <0.05), and impaired cell migration ability, as indicated by reduced wound healing rate (P < 0.05).

4. Effect of DHODH overexpression on DDP-induced ferroptosis in PANC1 and BxPC-3 cells: CCK-8
results showed that, compared with the Ad-null+DDP+RSV group, the cell viability of the Ad-DHODH+
DDP+RSV group increased (P < 0.05), western blot results showed that the protein expression of GPX4,
xCT, and DHODH in the Ad-DHODH+DDP+RSV group increased (P < 0.05), MMP detection results
showed that the mitochondrial membrane potential (MMP) in the Ad-DHODH+DDP+RSV group increased
(P < 0.05), Ki67 immunofluorescence results showed that the fluorescence intensity of Ki67 in the Ad-
DHODH-+DDP+RSYV group increased (P < 0.05), indicating enhanced cell proliferation ability, scratch assay
results showed that the cell migration ability of the Ad-DHODH+DDP+RSV group increased (P < 0.05).
Conclusion:

DDP may inhibit the proliferation of PANC1 and BxPC-3 cells through DHODH-mediated ferroptosis.
Suppression of DHODH induces ferroptosis in PANC1 and BxPC-3 cells and enhances their sensitivity to
DDP. RSV may potentiate the anticancer effects of DDP by inhibiting DHODH activity.

Key words: DHODH; Pancreatic Cancer; DDP; Ferroptosis; Resveratrol
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WA RELENEIER . 4 M PRI AN g & AT 1) 2N, DHODH 4L A )
RE ) FUBTE RT DA SR AR R B 1) Ji e 40 i P o A= K1), Bl DHODH. = 22 A 40l
Ji g A K P B L BE ORI . Maot* S ST R B, DHODH w] @it ;= A 2k 4 4 figE
TEIZ R (CoQH2) MIMTEL AR M2k FET., DHODH # i v—Fi5 GXP4 Mz
MERFE TR R 7,  AaRE Va7 SR AL 1R VR T SR . TR BB SR B, DHODH 417
HIF AT SERBETS, SEmEAEYR T Y. Kk, PO DHODH I 82— Fhil 7 1 e
1BYT RIS, Zhang W FLR I, FM DHODH #i 5t LA S s 40 i o 14 A
it EAANERAET. . DHODH 78 B i 4 23 B, JLyTBRei G BN fE 3 1 & 20
MM ERBE TS, [R5 BRI B P EI VR R SR TR B, B ) 7 R
ANTRPAE, BAR 1 RN, RERFMERREENSE, HERA /NS
FHiLP ARG, Bk, ALK DHODH #0157 5 B 2o B &8 1, DLIR s 4
HOxE 25 U . AR B SIDHODH . 7] R 7 g i Hh R 95 EEAE T, HyH AR
ReE B T mPum AR . JF H— DAk )i 78 R BA Y, 75 B e S b B e A 284 o 40 1)
DHODH fg 77 A 1R S [ s iE  . 4R 1, DHODH #1738 DHODH /S ke
55U 4 F LE I i (16 9T Hh 2 35 BBk BFIUH AR, i@ TRIRAF AL .

DHODH 7t i 88 5 Ak e e 98B, RO PR I8 259000 i R A B )
. BIEATCNIE, 8 TR 2 AN AL DHODH #fil7]P%, #iwEHl (Brequinar,
BQR) & CL A& 5% A 25 DHODH #1712 —, 1C50 f5°4 1.8 nmol/LPY, BQR 7E KRAS
RAF R SRR, JEiS DHODH e R I RS IR N bR e b, RS
PR E IR PP, BRI I S A it g AR 1) T AN 11 R R gk AT 17 F
fii, (AT ARBEIEN G LA R T IR, BQR X 2 P s MIdum T 240 2 2
FHRRM, HPAERIGIT W DA T IRRR D BCE Aa T R — AT E s
REVRTT WS, (EALIT 29GSR I R A R RS T M A e i A 5 B A A g e
AR ) BB R AT BE & LA Z Y, R, B iEVR YT 1 S O 5 MoK i L 2
VIR S5 0TT 20 A 4 S R SR 45 25 R 0. I3 E (Resveratrol, RSV) JE—#f
K 2 Wb &), DUEY - A REY bR R R I, 38 R U A A
PRARASR TR T., FRAEMIR IR YT AU B AR S R AT = B0 Zou SRR I,
RSV i#id T il miR-21-3p ¥4E p53/SLCTALL BEE, Lkt 3P L T 5 P 8 F A
(EMS) Wk . TE4EEE b8, RSV il 4 i ROS Al i it S A I~ 1 SLC7A11
A GPX4, BB Vgl IS AE ). XTI @Rgn fuss (LUSC) , RSV {3
H520 4135 /7 7 AR E RS, Fort 50 pM R R 5 S 8% 1 3Rk A 5 G g
WA F (TNF-a. IFN-y. IL-12, IL-2) i SEFET-0% Likwfsegs Byt a7
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RSV TEEREVRIT I Z DhRett, REe 2 5 2 M S 5 0 BE 48 98 S A4 1 el SOBL, AT
WERIRIT ROR . SRR, BRAL A R E Y RSV X DHODH H AT #L )
FHIEH . Cheng ZEHOMEFT4E IR HICY, RSV BEAALIT 254 mI 4R S b 10 ] fik i Jegs 41 B
OXGTE , I 5 R e 20 LG A0 T 2590 B 80U, S8 AT LRI T 250 R & . AR
i, RSV 25 AT LLEA—F DHODH 0] 715 U 5 6 o7 R e i A B A o

zi BRTIA, AWFRE ARSI FE PANCL. BxPC-3 400, 705145 T . Fer-1.
BQR. RSV T, FHMEMKEHrr, BAERNINES RSV 1E B 40 kst i ny
REVERIMLE, M iR va 7 SR AR & FH 25387 77 1)



