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W - B
a7 IE T A H PHFS 1552 15 i B 40 B e x4 &7 e B e U 1

EFE" Mk E F L E N KKE L B LASE YEm ABE 28R B 2RM
NAAL B Kk (B SRR K ) KPR B IR ANEE , T DG ;I B A A5 088 [ e M SR AR , THT R KM
YOS 2 A LR, T DR 5 T A I A BRI A S B PR AR WA M

(BE] HM e em 2252 m S 5 40 095 (clear cell renal cell carcinoma, ccRCC) # [a] J&
JPIT AR EE R 2R, A T AL A ST TIOR8 R e A A . AHEIE B R AL 2 T L
PHF8 7£ ccRCC &F JE B Je it 25 v 9 AE F L FF0FAN SsUER A 7T HE 1) PHES M8 38 it 25 ccRCC X &7 JE 85 Je flUsk
YRR REE . Jiik WMo ET JE B S T 24 40 i Bk (786-0-R) K B 3 ok JR 53 Fh A2 A 98 (patient-derived
xenograft, PDX) M 25468, >R H] Western blotting , 932 2 24k~ e o A6 I A5 B4 v PHIFS Y 387K F- o 44
H PHF8 £ 5 1 215 Y 786-0 11 A498 21 Jitg ik K 20 i Y51 S5 Fh AL AE 98 (cell line-derived xenograft, CDX) &
S RN A N IR AR Ki-67 B CD31 f s 4l 44k 2k e fa, 598 PHFS X 4T JE B e 1697 IR
N PR REIR SR AT B Western blotting #4140 2 YL €0 534 PHEFS IR 4T J& B Je i 24 1% AR 7
TR o SrMTBE 424 B 2 KPR B W R IR} 46 il 32 &7 JE B SR 1R T 1Y ccRCC 5 iR i BLAR A, 1F
i PHF8 21k 15955 B> 2 K TC ik Ji A A7 (progression-free survival, PFS) FUFHSEE . JF FDA HEAER) /)N
A3 F 259 R AT B SO BB |, I 45 & RT-qPCR i £k B B 38 555 . MG 132 11 48 s 0 R 4 it #4476 S 56
(cellular thermal shift assay, CETSA ) | 3¢ [fi] 5% 2+ 34k (surface plasmon resonance, SPR) & 731 X% , 73
MR AT 4% PHFS & k2 @ PEAVE ] o SR CCK-8 S AR N SEBG AN SR At 7T 36 4 &7 JE 35 J@ ol it 245
MRS EVE R . S M EET R B JE T 25 4N J PDX AR . 5 RS R4 AR HL , PHFS 25 [ 7F 786-
O-R 21 il J2 ifis 25 PDX AR A (Su-P8) 21k 44 . 3 i, $2/8 PHFS T HES 5 ccRCCEF R B e it 2. ik —
H eS8 W , PHFS i 363K B 2% AKX 786-0 (1C,,: 5. 406 vs 15. 920 wmol/L) 1 A498 (1C,,: 5. 186 vs
16. 300 pmol/L) 2 iy %} & J& 5 J& 0 R ; Bk PHFS I , it 24 41 g %k &7 J& 5 e 1 fs g% ik B Sk &2
(IC4y: 13. 470 vs 6. 355 wmol/L) o WP SZIG E—ESE &7 JE B JE IR TT I , PHFS i 38 35 41 % i e (A A
(P<0.000 1) Jif&d i 2 (P=0. 001 3) \Ki-67 % (P<0. 000 1) & CD31 ik (P<0. 000 1)) 2% & T X 1R
21, W] PHFS ] {2 i ccRCC X EFJE B JE TR IT AP . IR RFEAS 3 #T i 7s , PHFS (5 3R 18 55 ccRCC
A2 1 9 B A3 Bk 2 A G (P=0. 000 3) , I SR A 7697 PESAH X (P=0. 04) . & T PHFS & 14514
(%) K U077 258 AR AT AE /N3 3 500 SR At 7T RT 410 ) PHIFS 25 11 2235 91 T %5 H3K9me 1/2 7KF-, [ i 2
445 PHF8 2 (2 321 (P=0. 000 7) , FLiZAE FH o] 9k 85 1 B0 i 500 MG 132 BH I 130 % | $2 7R LA A 7 T 42
i PHF8 25 (I BARFEf# . CETSA Bn, U MTT Pl $2 55 PHES B 11 A9 #4820 14 5 SPR F— 25 IF S AR A
VT H 5 PHFS 4545 (K,=23. 8 pmol/L) , /3 F X m T A WAE N o T 45 G0 SfkAbiT 547
JERE JE B A b L 786-0-R 4 il (1 &7 JE B Je 1C, 3 R B# (1C5,: 17. 460 vs 4. 601 pumol/L) , 24 i 117 1 7
FH B 25 TET Je B e B2 41 (P<0. 000 1) ; 1M w5 PHFS Ji , B& FH25 5 P2 Ab B 22 [F] 22 SR E 48
X, WA ERAL T T AT ET JE RS e BB B T B PHES A . A PN S 1 — 20 7 6 & AR Ay T ] i
TR T 25 PDX AR EF JE B JE BRI UM . S5 PHFS J2fEiE ccRCC &7 J2 75 2 i 24 () T 2L (A
T, Hm Rk 5 m R B W 22 WG DG o A AT T nT 8 5§ 1) PHEFS -2 o FLAR (R, 32 = it
24 ccRCC YU ET Je 25 Je 1) AUkt

(4] AU PHFS 47 R B i 2 ; Stk iy T
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[Abstract] Objective Sunitinib resistance is an important factor affecting the efficacy of targeted
therapy for clear cell renal cell carcinoma (ccRCC), and its underlying molecular mechanisms and effective
intervention strategies have not been fully elucidated. This study aims to investigate the role of histone
demethylase PHF8 in sunitinib resistance and to evaluate the effect of fluvastatin in targeting PHF8 and
enhancing the sensitivity to sunitinib in ccRCC. Methods A sunitinib-resistant ccRCC cell line (786-0O-R)
and a patient-derived xenograft (PDX) resistant model were established. The expression of PHF8 in these
resistant models was validated with Western blotting and immunohistochemical staining. Then 786-0 and
A498 cell lines with stable PHFS8 overexpression and their corresponding cell line-derived xenograft (CDX)
models were constructed. The regulatory effect of PHF8 on sunitinib responsiveness was evaluated through in
vitro cell proliferation assay, in vivo tumor volume monitoring, and immunohistochemical detection of Ki-67
and CD31 expression. Transcriptome sequencing, Western blotting, and immunohistochemical staining were
performed to elucidate the molecular mechanisms by which PHF8 mediates sunitinib resistance. Tumor
specimens from 46 ccRCC patients who received sunitinib treatment in Department of Urology of Daping
Hospital were analyzed to evaluate the correlations of PHF8 expression with pathological grade and
progression-free survival (PFS). An FDA-approved small-molecule drug library was used for virtual
screening. RT-qPCR, cycloheximide chase assay, MG132/chloroquine rescue experiments, cellular thermal
shift assay (CETSA), surface plasmon resonance (SPR), and molecular docking were conducted to verify the
regulatory effect of fluvastatin on PHFS8 protein stability. CCK-8 assay and in vivo animal experiments were
performed to evaluate the synergistic sensitizing effect of fluvastatin combined with sunitinib on sunitinib-
resistant ccRCC cells. Results Stable sunitinib-resistant cell lines and PDX models were successfully
constructed. Compared with sunitinib-sensitive control counterparts, the protein expression of PHF8 was
markedly upregulated in 786-O-R cells and resistant PDX tumors (Su-P8), indicating that PHF8 may be
involved in sunitinib resistance in c¢cRCC. Further functional experiments demonstrated that PHFS8
overexpression significantly reduced the sensitivity of 786-0 (ICy;: 5. 406 vs 15. 920 pwmol/I) and A498 cells
(5. 186 vs 16.300 pwmol/L) to sunitinib. Conversely, PHF8 knockout substantially restored the sensitivity of
resistant cells to sunitinib (IC,;: 13.470 wvs 6.355 pmol/L). Consistent with in vitro findings, in wvivo
experiments showed that after sunitinib treatment, the PHF8-overexpression group exhibited significantly
larger tumor volume (P<0. 000 1), higher tumor weight (P=0. 001 3), and elevated Ki-67 and CD31 expression
levels (both P<0. 000 1) compared with the control group, confirming that PHF8 drives sunitinib resistance in
ccRCC. Clinical sample analysis revealed that high PHF8 expression was significantly correlated with
advanced pathological grade (P=0. 000 3) and shorter PFS after targeted therapy (P=0. 04). Virtual screening
targeting PHF8 identified fluvastatin as a potential candidate inhibitor. Fluvastatin downregulated PHFS8
expression, increased H3K9mel/2 level, and significantly shortened the half-life of PHF8 (P=0. 000 7), this
effect could be significantly reversed by the proteasome inhibitor MG 132, indicating that fluvastatin facilitates
proteasome-dependent degradation of PHF8. CETSA results verified that fluvastatin enhanced the thermal
stability of PHF8, and SPR analysis further confirmed the direct binding between fluvastatin and PHF8 (K=
23. 8 pmol/L), with molecular docking predicting their potential binding pattern. Combination treatment with
fluvastatin and sunitinib reduced the ICy, value of sunitinib in 786-0-R cells (from 17. 460 to 4. 601 pwmol/L)
and exerted a significantly stronger inhibitory effect on cell viability than sunitinib monotherapy (P<0. 000 1).
Notably, no significant difference was observed between combination therapy and sunitinib monotherapy after
PHF8 knockout, demonstrating that the sunitinib-sensitizing effect of fluvastatin is PHF8-dependent.
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Moreover, in vivo PDX model experiments further validated that fluvastatin supplementation effectively
restored the sensitivity of resistant PDX models to sunitinib. Conclusion PHF8 is a critical driver of
sunitinib resistance in ¢ccRCC, and its high expression is correlated with advanced pathological grade and

poorer prognosis in ccRCC patients receiving sunitinib treatment. Fluvastatin enhance the sensitivity of

sunitinib-resistant ccRCC cells to sunitinib by directly targeting PHF8 and promoting its proteasomal

degradation.
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" 9% (renal cell carcinoma, RCC)ZINIR R G HE
U B S e g, 3R] B A 2 7.3 T 805 i e 1B RN
2.4 T EIFET M L B 3% B 40 M 8 (clear cell renal
cell carcinoma, ccRCC)J& B ¥ i 2 1) BRI 2 |
A AN LR 1Y 70%~80% . WSS, #it 90% 11y
ccRCCAFAE VHL K5 PR G 1 388 4% B WL it 14 54 L £
TR R AE Je A PEB B 3h T W Ak st
H Yy i K 3% 5 80 VHL-HIF {5 5 i 8 36 4 o0 2
ccRCC A B BT B> THEA . 761 00 BHA
SPLGWIIT R  BE T VHL-HIF 38 BT 9 i 48 79 R 2R K
F 5Z 1K (vascular endothelial growth factor receptor,
VEGFR) 1Y g 2 B2 ¥ Bl #1 7 (tyrosine kinase
inhibitors, TKIs) , (&7 JE & JE 4, fE B M B R yT
RIS TR R TR e O O ) — R o
RIT T % . SR, IR RIF5E R, R 2 BUR & IR YT
O~ 11 AN H Ji HY B g 1, B 7% A AR A P 1 25
PRI it BT T 245 ccRC.C 1Y) i Je e 1 1 R 2R 00 2 i 1 o
TKIs 7 A% FH SR W, % T A0 30 s A8 P A
HE A R o

PHF8 1 2 4 £ 11 25 W L AL i , ] e 3 oy e 1k 25
B2 25 AL A B R AL 12 4 (H3K9mel \H3K9me2
)T 2 5 o i SR AN RS A T R
Y R R A AR R KA S oAb R
FEAEY AR KBS E W], PHFS 76 71 51 i 7L
JieE B SRR AN e S B e S 2 R R 2
F AR ELH ek o B R 4 e R R
R R BUR B YIAIE ™ AR T e,
PHF8 {2y VHL-HIF {5 5 38 % i OCHE T il [ -, il 2
i ccRCC 1A Y HE 58 -5 R B OB S5 el i
BT AR BIEGE i ok F AT JE R JE T 24 19 ccRCC 40 i
RN R R VR 5 B2 M98 (patient-derived xenograft,
PDX) B, %5 H PHFS J2 4 5 ccRCC X6 Je 15 JE i
)OI I v R R S0 B 2 i B S s e P K /e B 1P
e SR e B IR AR TT T A S PHEFS 83 78 0 il 51, F
TMIE S 4 1) PHFS AE AT 204 LI 24 ccRCC X &7 Je 75 e
AR RCR .

1 #R5EFE

1.1 254 53K

NCG(NOD/ShiltJGpt-Prkdc " 112rg™**“*/Gpt) 2
PZE R /N B OB 24 R AE R A FRZA 7] ) s BALB/e JE
e B AR /N BRL (bt 4 3 R A S35 s R A IRA R 5
JBE AR B -EDTA ALY | =5 B DMEM 35 58 58 /b
2 MEM 15 32 36 ARG 248 1035 18 [ 28 [E Gibeo A F] 5 & )2
e (L E AdooQ A 7)) s ARMYT SHith v R
iR \MG132 F1 4 ¥ (35 [E MCE /2~ #] ) 5 CCK-8 (WST-8-
based colorimetric assay kit ) {7 & (7 E L8N F )
PHF8 #7114 | Ki-67 $T & Fl B -actin T & ( 35 [ Cell
signaling 23 1 ) 5 GAPDH A4 (H [5 s = A 7))
CD31 HifAk (5 B abcam A H]) .
1.2 ANEMBAHA

KA It ZE 72 B R 2 KT B b IR AR} 46 ] cc RCC
BEAR G M 2 AR A TR S e i 4
= (immunohistochemistry , THC) % m) X A8 6 23 47 o
A5 T I R R AR 359 28 i 75 2 5 K2 K PE R B fe
P o (WZ 2026-23) .
1.3 ZBshdh

ST /N BUAE 50 H B Ok M 4~6 JE A, o
BALB/c #R iR 10 H (47 & 20~25 ¢) FINCG /N 40 H
(it 25~30 g) o P4mI 33 TRl 50 (A B2 2 vt sh )
SEH Oy SPF s W) By, PR IR 25 °C R X R BE
45%~60%,12 h/12 h B A EOCIR, H 38 2 br i 1)
B TCH K . BT TR S b PR35 78 5 o IR I T 2F
AT, I SR WM Y B8 42 il L s /D sl W 9 v 5 0 9
N o SRR PR I N R O R D
Sy Wy e A A e BT Sk b 38 R R ) S
1To W NIBEZ S PRIEN « I8 BLAE>15 mm {4 T
T RE>20% ol B 0 TG SRR ) R RS, — HLak
Bt |1 TR 2Ry B o vd | IR S = U 2 $HIE7/E /N7
FFAE 2~3 K g (AR . BT AT 2y S B 34 28 Bl 22 42
e R 2 R BT s B A B A 25 5t S b v [ B A W
(2026) 55233 %5 |, IF-047F [ bR i S 50 6 BRI .
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1.4.1 786-0 M &F J& 25 Je i 24 bk 44 1 K 24 4 iUk
PESOUE SRV i% WA s 786-0 4 MU g 37 &7 Je &
JE T 25 4Bk . FF 786-0 Al TE 37 °C . 5%COfH K
FERE TRH LR FE T 10% G 2F L7 A9 DMEM 5% 4 15
FRI, FRAIM A K =X EON S A g e B e AT
KM AR B AL 0 . WA 2 B R R
P SEAR 786-0 4 1C, IRV FE VB ] (1/4~1/2 1Cy,) , 7E
O N RRELIG R o R A ME RO RR B W S L B D
16 82T FE (B IG N 109%~20% ) , £ 45 it in ik %
Jo MR RE b, B e & 2 i g 0k R
YIS A0 MR 38 e KOR S AL . i Fad B AL
SN2 H . AR IR C B CR S ER T,
Y HAT T e e AL AR A KB i S AR AL BIR S AR E 1
R Tt 24 A0 LR A B N T . RS R BRES Y, fETC 2 b
FRHEPWK A % 2 8, LA R 50 245 ) OO L AR A5
FoE M 25 A ML R H T IR 225050 . SR CCK-8 A5
A 20 160 5 TS 245 240 L 6T 2 B JE R 1C, , LA TIE I 24
PEHEEST O

1.4.2  ccRCC B K U5 IE 1 8UE7 Je & e Tif 25 PDX
MORIMg . R IET ccRCC L 110397 6 i g 4 41
VIFI R 25 1~2 mm? (R /NBRL, 76 TC B 450 T L 400
HANCG /NRBE AR, LA 7 JFAR S A (PO AR .
P PR AR AR K 224 200 mm 5 ALY 1. F Pl
/NERFEDL A R &7 JE B Je iR T el SR IR . &7 e e
SR DR E B 4 25, R 8 40 mgkg, BATTEN
“4 SR+ 2 G Ry — A s A A R — SR )
S5 US HEAT MR A BUB AR B AR A it 25 T, &
55 8 X (Su-P8) 7 o i i 245185 8, A AR 7R A 3T 52 A
J&i , HREEES PO 55 Su-P8 VR 16 25 ) S I 25 S, O3l i
e A R A o R P i 24 A AR A

1.4.3  PDX R &F 2 B JE Bt e 500, B e A K
P RAGI e 4~6 A A NCG S RE 8 /N B
TR P b B AR A . YR A BUAE R B
100~200 mm*if , ¥ PO ZH & Su-P8 4H /N B 43 51 B L 73
TR NS 254 . BAAR I O B AT
2y, 7 ok 40 me/kg, B H 1Y X REZH 25 7 %%
RBUA AN, 225 25 2 JE IR A B0/ N R, 50 23
96 ZH 0 s AR, FH TR e e 0 a5

1.4.4  BALB/c B B 5 Fh 5 A 83 B B DE Ay PHES XJ &7
JeREJEIRIT N R K Y 786-0
YL (53 J& Vector X HRZH 55 OE-PHF8 41) , L) B H 5%
10° /1™ 20 9 1Y) %% 55 322 b 2= BALB/c # BRUAT 0 iR v 28 1z
T o RHHBENLUECFF 308K /N R 53 A Vector 215 OF-
PHFS# (n=5) . K5 ,2 4/ R 55— L) 40 mg/kg (171

EAIEB R HIT T, 425 R AR 3 Kid
SFIMIR AR, LTI 16 d, ¥ /)N BUBR Y O 2R FH S A
J F 2 S 2 SR A . TR SR B R A 2 Bk
AT, FIE AR AR 2 4% 2 B F B E A BS ,
T R8s Ay X s by .

1.4.5 786-0 Fll A498 4 ity PHF8 & 72 i #235 Fe mik B
PR A S IGUE BT MR 3R T 37 °C.5%C0,
TR TR P, B R 3 & 10% iR 4 L7 A9 DMEM 1§,
MEM 58485373k . PHFS i ik 129% 5 (OE-PHF8) I
HX 7 25 % %F BB 75, LA S PHFS R B3 12 9% 25 (PHF 8-
sgRNA ) S X hiy xof e 25 447 e o8 T R VR A
PR 2N F) A g O S At o A N 12 5 i JOURE 43 S Rk
786-0 il A498 4l , JEYL 24 h J& B Ay fif o AR R 3k
PRZEBEFE . BERG R A E 1 we/mL IR % 2 (puromycin)
55 FERE VA TRESEIR % , 29 6 J] J5 K15 g % 35 PHFS
1k 3 1 Bl R I3 %) 4 B iR B R g X R A . RO R
P SE UG , >R Western blotting #:i0ll PHFS 25 [ &1k
IR, LB I 358 K i bR A5%

1.4.6  CCK-8 7&K I 4 i 35 1 K &7 Je 5 Je 2 W ek
P AL TR K Y 786-0 Al if Sz A498 4
JiL, I LL 3 000 A4N/FL 1 2 B2 $2 8 1 96 FLAR H o 5 7
MUE T 37 °C L 5%CO b a5 240 v LR 770
o T LSR5 20 b 2 6T W B S, I B TH 85 9% 3, PBS 28
R 2 3 o BEJE PEAT 259 9 A 5 10% i 4
I35 (FBS) {87 fif 35 357 3 W &7 Je B e e Bk ik
J#(0.5.10.20.30.40 wmol/L ) Bl 42b 3 41 it ; 1565 1]
25 20 W AE S Al 1 58—V 0 30 wmol/L AR AL TT 47
I E . H LRI RFLE T 148 he 25917 H W1 i
J&i , BEBRFL N B 25 W A PR PBS ki 2 ik , B J5
FRFLAEEE A 100 WL 355 B 1 1Y CCK-8 ik , ik
[ J5i % 46 TP 845, 30 ming WSS RS, A £ W RE
Fifg bR A 2R 450 nm K94 45 FLAY ODE..

1.4.7 Western blotting K #H 5¢ 85 11 2 3K K

4 44t A R 07 S5 35 Ak P S A S MACBE | 4 FR S 43
AR P, SR RIPA S i 2 B4 L 26 1, 9
TR T B O R, e S AR e T a4t
SN o U R P RE AR EAT SDS-PAGE HL 3K 43 B, Fifi
SRS EPVDF B L R RSE S , 1 5% i
NEWRY 2 BT 1 h, DA AR kg & o B SR
Je A — 470 (PHF8 | AKT \ERK J B-actin #i ¢ Ft 451 1
7 1:1 000, P-AKT &% P-ERK # B¢ 5] 2~ 1:2 000,
GAPDH i B L4 Jy 1:5 000) , T4 C&AME P E o
o U H A TBST e/ 3 ¥k, £:UK 10 min, B A
WP 1eG =Pt (BRI 1:5000) , ZiRIEF 2 h,
FFR T TBST PEAR 3 WK, K 10 min. 55 ) 135 fin
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ECL I (3, THE SR R G il T 55 RE S 0.
1.4.8 Ay 20 24k 2 Gy ok DU b s 20 UM G R
Fik BT A A B W AR A A R R
4 wm ZESHLH o IR 4 ORI kS KB 2
B 52 K Ja , BT e S MBS o (Fr 48 TR 4 s
EDTA) h A7 i 22 ik fbr AR HRB 2%
TN 3% HL00 FIRIFREDEERE 10 min, ZUERS,
N FHVCEC R IE & sh W g E V) &, A2 R
6 O S R | B = 7 v MR S e o TRk i N
PHF8 . $T AKT &HT Ki-67), B F 4 CIB & WEHER .
W H ARAS 28 PBS 28 IR 78 43 R0 5, i — 41171
JFEIBIABE MR . b5 H DAB WA R 5
MEAT R 1) S 6 RE AV, I DA 9 ARS8 TR 5E B A4 i A2
Yoo Ul R e M K B AL BE S rh PR IR 3
J& BT B T T EIRCRAE . THC 4553 th
4 HAT 28 55 1 95 B 2 L GRAE DU 4544 ISz PEA S
PHFS % FH“ Y 0 5 5 x SH 4 41 A e 3] (BH M 1 A 7 4
8 BV O AT 43 B« Y €808 B e 40T bR T
S0 R E M, s E G2 TP EE 6,3
ki = I {1 O o B v v (L O T o N
FHAE 4 5 <5% , 153 5%~25% , 2 53 26%0~50% ,
353K 51%~75% ,4 53 H>75%. Ki-67 % JHiT5H w56
PHLEE T A% P R P P A e % b e A e A
LB E 43 e R A T AT -

1.4.9 Bkl o34 25 5 3Rk 3L IR AR A5 538
% i H Trizol ik 7 (Invitrogen ) $2 B 4% 21 41 g &
RNA, 28 Agilent 2200 £ I 58 8 PE (RIN 7. 0) )5, HU L g
A4 RNA fdi ] VAHTS Universal V6 17 £ (Vazyme) 5
B mRNA 4lifk BEHL A Befk . cDNA G B R SCIFE A 2
FF1E DNBSEQ-T7 *F- & #E 47 Bt ¥ (150 bp) o 14 U
32 3 G o B 192 B 3R B Clean reads, #| ] STAR #k {4
FexF 2 N2 % 3 [ 40 (GRCh38_Ensembl104) , i i
HTSeq Al FPKM 43 3] 4t i1 Counts 5 118 FL H ik i3
Phllog,FCI>1 H. P<0. 05 24 b5 HE i 3%t 22 5 I8 HE ], 25
& KEGG %5048 12 372K JH Fisher Ki#fi i 36 (Lh P<0. 05 K
VR BUE ) 57 B T S AT

1.4.10 BT PHF8 25 [ 4514 1) 245 ) g 0L i 32k A 53—+
XT 4 o3 M PHF8 & [ fifi & 45 ¥4 D\ RCSB Protein
Data Bank (PDB, https: //www. rcsb. org/ ) 54 J4E Hh 2R H
(PDB ID:3K30) . /NrF4b& Y FE % B DrugBank %X
P& )% (https : //go. drugbank. com/) 1 E i 254 , 3t
2 474 FiAL B W . BT A BC AR 4> T 7E X 42 TR A
Schrodinger 214 (2021-4) H1 1Y LigPrep 55 8 #E 47 it &b
PR LS = e g5 A il TR A O (Epik T )
Mgt fe/ME(OPLS4A J13) , I b &+ S d 2 45

¥y 3T T R Schrodinger SRl
Virtual Screening Workflow 52 i¥,, LA PHFS i ¥4 11 4% K
RN A A Glide BEHAR U AT hR 1R BE A o A
BEIRBE . B e Al AT 98 ML A, T HL
HEA T4 /N F T JG8eSE gk . 3 X445
Sk H PyMOL(v4. 6. 0) AT A WAL 40 B . W HEBR 2)
Yyim 20 B w5 PR T | A B AR S R O T AR OC B I RS
P S it CCK-8 SEI Al T e Ak A ) 41
R T E T 45 A SRR

1411 2 T8 3 S 3 A6 PHFS 45 AR S 1
W 44 786-0-R A AN T 1R IR ML, 78 41 i
B I A K R B R S, 430 45 T DMSO B Hfth
TTAE 3 . B S 0 AL FE R 70 pumol/L (14 73k £k T 1
(cycloheximide , CHX) LAl £ 11 565 1, I T30 B
] 45, (Oh . 2h . 4h . 8h) " AL 4H i . FRICEE 1, R
Western blotting i lll PHF8 25 H 34, A 0 h B PHFS £
FIK R S vE VR AT 05— 4k, 2 1 28 1 e il £ 01313
PHF8 & 132 1.

14,12 HFER G R (o] b 2 56 F o B 9% 3 1 34 42 %)
PHFS £ FH 4215 19 72 1 4 786-0-R 41 Jid 43> DMSO

XFHRZH AT T2 S AT TR & H 2 R2 (mevalonic
acid, MVA) 4 . MVA 24 4 120 pmol/L, 5 41 4% 1%
B SR AP AL PR S WA 40 BT BRI R o SR JH Western
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A: Schematic diagram of the establishment process of the sunitinib-resistant cell model and patient-derived xenograft (PDX) model; B:

Sunitinib IC, values in parental 786-O and sunitinib-resistant 786-0-R cells (n=4) ;

treatment in the ccRCC PDX model (n=5)
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Figure 1 Establishment and sunitinib-response characteristics of sunitinib-resistant ccRCC models
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A: Expression PHF8 levels in 786-O and A498 cells stably overexpressing PHF8 by Western blotting; B: Effect of PHF8 overexpression on
sunitinib ICy, in c¢cRCC cells (n=4); C: Determination of the sunitinib IC50 in PHF8-knockout 786-0-R cells (n=4); D: Schematic diagram of

the mouse subcutaneous xenograft model and sunitinib treatment protocol; E: Tumor volume growth curves of mouse xenografts in different

groups under sunitinib treatment (n=5) ; F: Final weights of the excised xenograft tumors at the experimental endpoint (n=5) ; G and H:

Representative immunohistochemical images and quantitative analysis of Ki-67(G) and CD31(H) expression in xenograft tissues (n=5)
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Figure 3 Sunitinib response characteristics of ccRCC cells and xenograft models with altered PHFS8 expression
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A: DEGs between PHF8-overexpressing 786-0 cells (OE-PHF8) and control cells identified by RNA sequencing (n=4) ; B: KEGG pathway
enrichment analysis of DEGs between OE-PHFS8 and control 786-O cells; C: p-AKT expression in sunitinib-resistant PDX tumor tissues
determined by immunohistochemical staining (n=5) ; D: Protein levels of PHF8, AKT, and p-AKT in PHF8-overexpressing 786-0 and A498
cells determined by Western blotting; E: Protein levels of PHF8, AKT, and p-AKT in sunitinib-resistant 786-0-R cells with PHF8 knockout

determined by Western blotting; F: p-AKT expression in subcutaneous xenograft tumors derived from OE-PHFS§ and corresponding control cells

determined by immunohistochemical staining (n=5). DEGs: differentially expressed genes
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Figure 4 PI3K-AKT pathway enrichment and AKT phosphorylation characteristics in ccRCC models with

altered PHF8 expression
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A: PHFS expression in ¢ccRCC tumor tissues determined by immunohistochemical staining; B: PHF8 expression levels in ¢ccRCC tumors with

different pathological grades; C: Progression-free survival of ccRCC patients stratified by PHF8 expression level
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Figure 5 PHF8 expression, pathological grade, and progression-free survival in ccRCC patients receiving sunitinib treatment
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A: Virtual screening workflow and molecular docking strategy based on the catalytic binding pocket of PHF8; B: Representative PHFS8-

targeting candidate compounds identified by virtual screening; C: Sublethal concentrations of the 2 candidate compounds in ccRCC cells (n=4) ;
D: PHFS protein levels in ccRCC cells treated with the 2 candidate compounds determined by Western blotting; E: H3K9mel and H3K9me2
levels in ccRCC cells following fluvastatin treatment determined by Western blotting; F: PHFS8 protein levels in fluvastatin-treated ccRCC cells
with or without mevalonate (MVA) supplementation determined by Western blotting; G: PHF8 mRNA levels in ccRCC cells treated with DMSO
or fluvastatin determined by RT-qPCR (n=3) ; H: Degradation kinetics and half-life of PHF8 protein in ccRCC cells treated with DMSO or
fluvastatin determined by cycloheximide (CHX) chase assay (n=3) ; I: PHFS8 protein levels in fluvastatin-treated ccRCC cells following MG 132
or chloroquine (CQ) treatment determined by Western blotting; J: Thermal stability of PHF8 in the presence of DMSO or fluvastatin determined
by cellular thermal shift assay (CETSA), with quantitative analysis (n=3) ; K: Binding affinity between fluvastatin and PHF8 determined by
surface plasmon resonance (SPR); L: Molecular docking model of the interaction between fluvastatin and PHF8
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Figure 6 Screening of candidate PHF8-targeting compounds and validation of the direct interaction between

fluvastatin and PHFS8
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A: Sunitinib ICy, values in 786-0O-R cells treated with or without fluvastatin determined by CCK-8 assay (n=4) ; B: Cell viability of 786-0-R

cells following treatment with fluvastatin (30 pwmol/L) and/or sunitinib (10 wmol/L) determined by CCK-8 assay (n=4); C: Relative cell growth

of PHF8-knockout 786-0-R cells following treatment with sunitinib combined with DMSO or fluvastatin measured by CCK-8 assay (n=4); D:

Schematic workflow of the combination treatment protocol in the sunitinib-resistant PDX model; E: Tumor volume changes in sunitinib-resistant

PDX models receiving different treatments (n=5) ; F: Tumor weights of sunitinib-resistant PDX models in different treatment groups at the

experimental endpoint (n=5)
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Figure 7 Response of sunitinib-resistant ccRCC models to combined fluvastatin and sunitinib treatment
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