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Bt B i B B XTI G BRIE 47 R e T B IR T

Bl bl A
(T PR BEEIL S S50 T A 2, WA A I A ORI TG S04, 77 315211)

WE  BiFIIRNE (prostate cancer, PCa) TN B S W WARE, F HRE AN BRI &, PCa ) &%
FET AL ARk, HEA K RNLEIME N E . B EZ (androgen receptor, AR) 5538 B BEIE AL
fE it LAHBTHERTSIRIE (castration-resistance PCa, CRPC) (&4, X 25 HEm = Az T VER] . HRTRYIRYTY T-Beig
R R AR 2 AN RN, [RGB RS R G R R i, SRS IEYT I SRR ST . O RERFSIE
B, B33 RIS RS R S8 (speckle-type POZ protein, SPOP) ‘5 ARAFEH VMM TAR I Z, M} PCa %
ERBREEEMN. FIARSCESS G FENreC, ik SPOP YIRS 5 UIRE, &45 SPOP 248X PCa %y, JfM
SPOP i ZHEITH} PCa A T/3 20 7 AT et . SPOP KA RAF )5, W BB AR5 S A Gl % . DNARIN . i
RAAERIE A BTIRE, PR AN AR LIRS T7E SPOP HF A RIALIRIE T, e & A HAW R Al A 0, BOM N 5 1
KA, AT PCamy R AE RSB I, 7EVRYT RN PCa FBFH MEATIERIRG TN, AR AR 4343 U 2 A [l 4~k

WM EIRTTITEE, ST REXTEGE PCa U AR D™ A A FISE R o

KW BERAYGIRTEE N, MEGRSZR, ABIE, R, pIERT

FE4ZES  Q7, R737.15

2020 4F A ER A 1 930 J3 T K 95 i s 1) AT
1 000 J3¥AAESET M5 HiZI MRS (prostate cancer,
PCa) T2 B EMEE KW WARAE, W2 B PR iE
FETER IR A L B TR E N B IR A &
J&, PCaly & K ABET R Z A LTI
Pl AT PCadi R T A X b, eifieny
e b 2R AR T AR I8 A 3G L A g i 20 o
FEPR AR FIAR B AE @' BT PCa IRYT 7
W AB N RRABAAEANEZLE (R ER),
PRt AR ey 4 SR TRICR: SR s AR R A2 BN
ARSI )

TEIE S AR, AR I A TS S R
Jo T L T i R TR v B, DT 4EREAR X R
FE MR TR, TSk ST e R 11 Rk w1 5
HHT, AN AT R G G B AN B IE R Tk
M5 AR, EIEFAEBSMAT, XEEH TR
LA R-H AWK RS (ubiquitin-proteasome
system, UPS) ¥R M2 K . ZIER
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HRTERHEAE T, MR Z 058 K3, CUL3-
RBX1 E3 iz R # # [ & 7 ¥ (CUL3-RBX1 E3
ubiquitin ligase complex, CRL3) 7L Fi g b &
ARAr, Hr, BESAGEE S (speckle-type
POZ protein, SPOP), J& CRL3 H iy —Ff it L (1) 4%
KLEA Y, 1% PCarp & ERAE . KEiFsR
PJUES:, B4R 7 SPOP Xf PCa &2 5 2 19 40 il £
1M} 2& 7% 7 SPOP N i i< Py RE B2 (loss of function)
o BN (negative dominant function) BH i
Il 55 H A A AR 2E R T . (246 PCa)
KL, AR SOK Se 43 H T PCa R ik, M
SPOP H} % [l iR H: 58 25 %t PCa US4, I Xf PCa iff
1T 2RI AT REEEA T8

w T A RBREIE S (20210065), T KA TR AR SEA R
TtH (SILZ2022004) FIEFEilAEa .
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1 PCaWJigfT i ix

PCa 53 F 803 M bR E PCa . 7 F8 1% PCa.,
EHRYUNE PCa =, H AT £ Z 2 i3 Pl PCa iy
RIEHFERIEEIGIT I, B ERIGYT (E3hiE
MAREEERE) . BT BRARIG VIBR A | Gl y7 ik
(radiation therapy, RT). fb22y7ik . HABMFTST
b I

oAb 297 v DUME 33 3R B BT 7% (androgen
deprivation therapy, ADT) R, FEHTIRITH
W R R PCa ML RS ME PCa, 3 2 00 1) 52 3 00 I
PR BUAE 2 AR AT R i A BV E IR 2R T
Hi ™, R ADT, BEIRGRUTE 1~2 4F 4 2% i
iE, (HBE A AR R, K SR T A A g
(castration-resistance PCa, CRPC) ¥7r=4: P, #E
CRPC ', MEF E Z 1K (androgen receptor, AR)
17 538 4% 79 o R X T 245 42 1 7 AR R T OGS
FH RO B R EMRGE , TR A AR B
Zfjrf SPOP Xt 2 25 {5 S il 7 LE R, Il 7E PCa
SPOP & A= i i 58 78 I X AR {55 B B0 i J 224
ML i, AR{ES Y L E 2 SPOP %845 7 PCa
A —ASCHERRE (2 H &R &K E, CRPC
XHHUER R IGTT P AL T 52 A P 2 5 AR 5530 B %
PIAHOE 1

Ak, A CRERT” X s 52
W AR TG YT AT IR T B DGR, R
2 v T g il PRI I B TN MEA 27 o7
2o MR R &, PCaly kA&
Z R B RS, & E PCa i 23
i (1) S5 R 2 ek AR L B TR) B2 LR I AR F 538
U MITE ADT 2 J il o Se P4 9K 3h AR £E
PRI As , (048 AR FER Y 3 | FHE. SRR
PEYESYHE, YT e Sl R 40 i AR T 2 1 DL
CRPC [y LA 1 X K J5 & A PCa i 3L Rl A 7
2HNEFZHIMF  (whole-exome sequencing, WES)
R, TE22/3 11 PCa P AELEA R I SE R 28 4%
11l SPOP JZAMN T4 v s AR e Z2 (W L[R]3,
I, RV SPOPER AR, KH B+, F
TEAR 5 30 5 1) 22 57 IR X PCa i A 74370 B, IFAR
AR 53 B A5 8 PR S B BRI TR
BT

2 SPOPHIZ%&HE

SPOP J& CUL3-RBX1 Z i i) —Fh E3 12 % &

el E A, DRSNS, Rl N
Ui () MATH Z5 #3005 IR ) 8 A 45 &, L C iy
BTB 4538, 7] L5 CUL3 455 K 2 Ak 1o ([&]
la), SPOP it i i if BTB #4T — B Ak IE i 5] I —
ik, JES5WA CUL3 455 288 DA PRk
G MATH S5 4838, 7= A e iz 24 Ts v .
A B¢ MATH 253850 945 5 19 SPOP IS H
% ¥F 5 B9 SBC 3 /¥ (SPOP-binding consensus
motif, SBC motif), i — B {AHy %Yy SPOP if 4
T 5% 24 SBCEIFMIEMRR T LS G 30CF Y,
Ak, SPOP & T i 1t BTB 4544k k7 — 2 4k,
b BEIE 5 BACK 45 14 B 7E — SR LAl kA7 5
fb 2, BTB 45 F 3 A 5 A9 — SR Ak fiff B 41K
1M BACK Z5 83 5 i S SR AL HL A v B B A RN AT
B, ISR IR SPOP A E I E3 12 K
HEHERRE T, Em T 5PN ERE P,

CUL3-RBX1-SPOP & 45 ) 1Y 56 4= ¥ % A T
SPOP Al IE# SR/ RIIIEE ST, >4 SPOP &/
RAFH,  RAHEAESA G IE) 58A8 3 255% 1 SPOP
IE R A2 TIRE, I SPOP 1) — R {b/SZER LK
RS, SRS GEES TR, Pz LR
fiE T RE GRS K Ak ROy (b)) .

3 SPOPZEPCaffHItEXEY

ZAEAR, —L8 SPOP I 11 B HAE RS i
JE R KT E C 2dEs, Hrhads AR,
= & ¥ H M 24 (tripartite motif 24 protein,
TRIM24) . & [& i 52 A5 B 35 AL IR 5 3 (steroid
receptor coactivator 3, SRC-3). ETSHZFERHHEH
it (ETS-associated gene, ERG) . THZEFFIAR SN
A v 45 ¥ 3 25 1 (bromodomain and extraterminal
domain proteins, BET proteins) ., DNA #5315 5 5%
sk [l 7 3 (DNA damage inducible transcript 3,
DDIT3) . DEK JiiJ# £ A (DEK proto-oncogene,
DEK) . Death %5 #4 3 #H ¢ & (1 it (death domain
associated protein, DAXX) . Zilfifl 53245 A 20
(cell division cycle 20, CDC20) . NANOG
(Nanog homeobox ) 12t -4 B 4H M 5 o 259 5k
(cellular-myelocytomatosis viral oncogene, C-
MYC) SEJiRfy > 2 (1), PCatfiSKH SPOP
RAMRER = 5 G IR YA E KPR Re )1, 23
PCa 4 3§ 58 F1i= 2838 0, Y4275 1 SPOP 5745 4>
fie it PCa i R A= FI A
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Table 1 SPOP target proteins and the affected processes/pathways
*k1 SPOPHIEEE B R H Nk ITTE/18 i

SPOP/1JHEEE [ SR 10 I AT I SCHR

INRERESEE Y PS AR ARfES (14, 33]
TRIM24 ARfE'S, UREZECRPC [30]

SRC-3 AR{E%, PI3K/mTOR{5*5, ER{5% (12, 31, 34]

A AR F 40 o 0 R 5415 2B B BET#H AKT/mTOR{5 5 [32, 35]
DDIT3 PRSI IS 3855 5 o A 9 [23]
DEK [24]

DAXX SHABIT:, ANMIAME BT RERE, LA (19, 36]
CDC20 21t S [26]

NANOG AMPK/BRAF{5 5 [27-28]

C-MYC bRl [29, 37]

31 ARGSEREX

ZRWESEIESE, SPOP 278 [l T £ AR5
S PR AIE Y . ARMES I E 2k SPOP %
AR K PCa f — A~ SCHEREAE 2 H AT AN,
PCa & AR 55 3R 8l ™= A= 1), PCa [ &9 il it Je 1
T ARME 510 L, 24 AR 7 5 i 3% 285 [ i
WREEE, ZRIIEG R Mt , s
Fo e SRR, AR UE R 20 A Y B R
TEFEIE & R, AR[E 50823000 ETS i s A
F (E26 transformation specific, ETS) %45, i
7 fE E bR ) & A . B WFSERGE T SPOP AT Y
ARMHEAER, iz bR AR e R
K, S AR A A 6 5% 5% RN PCa 41 A 1Y
A K P PCa A5 1Y SPOP 28 28 UK I AN BE 5 AR
ity , WAREIEIE AR 972 ARG, KPR T
AR {5538 B AE PCa PR Z IR I 25 M bl T
HEAEH ", AR KRV, fECRPCH, ART]
RETEAREEI R ACE AR, 38 1 A2 P e 5f
TEHERLERE ARME S 0 il B A Z RS A1
FH, ALHE B TR S iR g A0 AN B A R
T R ARMPE 1) AR 006 . AR LR B R BE 38
B A . AR FCARSE & B D) E AR A 1 e A 4%
¥y 25 ff AR {5 5 38 [ 00 T I 5 CRPC 1)
Az fon

A5 A0, SPOP IR T B34 AR 4b,
A AT DA 3 A e A RS 47 ) 422 15 AR B3R 1 B K
S, N, TRIM24 2 AR FUFHEAE N7, i
SPOP HY [ fi R Y), 7E SPOP 27 3K Bl i) PCa 7,
TRIM24 Z) LS # R, HZ 8 (A e (R A 2=
Z T T S AR5 5 IR AR SE A g A B [
I, TRIM24 #4345 K 380nT LA 2 1Ak i B

i, dE PR R S Y AR ARUESE,
TRIM24 45 [ o1 1Y FR 38 78 it 2 1 PCa 1 CRPC H11
e, HAECRPCH, TRIM245 AR AT
FEIN B W B, R TRIM24 Y 28 (A 5K F 1
AR/TRIM24 5& PRUFEAE 4 AT DL T 9505 &2 & 1) i
T 13027 ok SRR Sy 3 4o L 17] TRIM24 X SPOP %8
A7 # PCa F CRPC 1 /8 & AT IR 7 4 it 7 i
et

IAh, SPOP LABKEE 134 Ie (casein kinase e,
CKle) MM R I 42 #F SRC3 iz Rk 5
W f# . N BH K T SRC-3 5 S 1Y BUE {5 5
B el (HAR R A, SRC-3JE AR Ay H EIE
BOR AT, ATLL RS AR EAEH, H AR 1)
RERG SRTEYE . TR G W50 nT 1S58 AR 2567
S G TSR T, T IR S0 1) SR R e it
B '+, SRC-3 7E SPOP %875 1 PCa H1 1) [k figt 2 1
SRS EE, WM T AR BRI B B
I LLAN, SPOP 275 # PCa rhish 3k i) SRC-3 i 7]
3 35 e 1 e T AL RSE 3 A M L B TR N R R
FH (phosphoinositide 3-kinase / mammalian target of
rapamycin, PI3K/mTOR) {5 if #% i i PCa 1)
B FETERIEN T, AR{E S PI3K {5 53 %
FHEAZH ;5 1 SPOP & A 58 A8 i), A o 3 i
AR FIPBKAF 5 FEEUEGF 1, 1 BRI ™
Fofr 3 % 22 6] A9 1E % 38 B, M iE— 2542 2F PCa 11
HERR 123
3.2 SPOPSIFARKHIHIHPEILIAIE XI5 S i@

ERG J& —FP e sk N+, S 540345 . T8
REBEZMABEIRE™ . CHIFRE XN,
ERG M1z Z AL IR ff i 1k SPOP A T4% . Seid
o W& PG 16 (casein kinase 1§, CKIS) &1k
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ERG W 222 F sk AL, &% 75 SPOP 1Yy
MEAER, MEESE ERG 1972 Z10REm, HEmim
il ERG 4 3 1) 41 B i B iR 2%, Wi 1k PCa i &
Az BT 4 SPOP kAR RARRY, HZ R AL IR
ERG e B, ST ERG W8 FHi, [AIEY
WOE ARME S IR A IR i B AR 2R RE T, (R
T PCal BHFIEE S BRILLIAL, TEKZY50%
) PCa ', ERG 5 5 & 22 24 12 &8 11 g 2 K A
(transmembrane protease serine 2 gene, TMPRSS2)
RARA I A AE G i S TR RS AL AR
ERG BYEUE S ¥ ', ERG R H AL H E HEAE 1
S FEERWY ERG #1383k, {H SPOP L 5% £
ERG EF A E A, ERG B 28 28 (K ) A fig
SPOP 11z R LR, DIk TMPRSS2-ERG fil
G IR BN SPOP [5f#, FBERG I RIA, Jf
AR SR &N I, FEPCal &k
Uk ' TMPRSS2 j&—FifE = A 25, 5
ERG KA RlG BHE 231 57 A e W B R R A K
S (EA RS, 7EPCalsr T K, SPOP
245 5 TMPRSS2-ERG fill 5 i fEfE B R M, HARIX
Wi 2 5 ERG 7E mRNA FIE [ 5K F FiyZeik
40, {H TMPRSS2-ERG Ffi & 114 20 i ek 48
TRACE ) ARfF 5 5 0 Sith— 2 10 0 2R T 3t
TSRS . SPOP %745 5 3 ERG 4 [ 1Y K ik 3
hn, M i PCa i J€ ; TMPRSS2-ERG fill & 85
F, ANEEWCEFA: A SPOP Y], FEERG m#£AS
HPCa KR, 3 IEVEAM U 5> FiR iR
NGE

BET %5 H /i BRD2. BRD3, BRD4 1 BRDT 4
B, BRI B i LR (R #08 B R #A R
158 AR FI ERG 455 53 PR 7 1 TSt 3K sl el (1)
A BY, [EEE, SPOP B AT LU i Fp S MR B 45 &
BET & 114 % BET 84 72 1L %%, 4 SPOP 7F
PCa & A4E 2878, SPOP 5 BET HU 454 F At i
KA, SEBETHEAREHER . T BET
KEFUE, SPOP RAERI PCa &) Xt BET il 57~ 4=
T 21k B 2, BRILLIAN, A —IF TR,
7E SPOP 2878 I PCa 1, BRD4 ft i B 26 ikt i
AKT/mTORC 1 3l B glad BE s 2,

DDIT3, DEK. DAXX. CDC20. NANOG.
C-MYC %525 1 9 UE 528 SPOP BYJIEY) . SPOP
AT DURR SR 5 5 B R 25 A e L e R Ak
FIREAR, 1M PCa kG [ 2845 7 SPOP [H T gl 2k 7
M N AR DY) e HEAR, R Tk

PAECE IO S iR ZERE 1S, MMTfEE PCa Y & 2k
FIA S 110 26 20, 36 3340
3.3 SPOP5DNA#if5 R Z

DNA #it 155 i & (DNA damage response,
DDR) HIDNA & il (1) 5 i1 2 R BOE A H AR
FEME, R ALAE PCaTE N Y 22 FRE Y 20K 5l A
R TN I A A T, AR
Kt it AT DNA B 52, an i s ™ 5, D%
SREFPEANMISE T . B A2 SPOP Al DL i e i
DNA it 316 52 #5779 mRNA K35, By 1R HE
R EPERY A2 B T2 74 SPOP I I 1) [+
JE DNA B IL R )25, DATITSZ A DNA B KT 4
(double-strand breaks, DSBs) & %& , K3 PCa
) & P, DSBs AT LA aE & dE A I o %
(nonhomologous end joining, NHEJ) A1 [q] i & 2H
(homologous recombination, HR) XM %% EEik4E
HEATEE , S5 NHEJ A, HRANG) H 8 10 Rt
AR TR R 2R A e s bk

CAMFIIES, pS345 a8 A 1 (p53-binding
protein 1, 53BP1) J& — Ff & % ) DDR & [ ,
53BP1 5 4 (7 J5i 45 & iF 2300 NHEJ, Jf 4 il HR
X DSBs B EAEH], 7 DNA &Z il #2, SPOP
AT LA Yy £ 5 4 B 5S3BPL, ik i 4 iF HR &
A2 1900, i PCa SR Y ) SPOP 5€ 2% {4l BT T~ SPOP
5 53BP1 YA EAEHT, 300% NHEJ MM S 205 A 21
AREPER =, JF Bk PCa i

A P45 kg B B & OB 2
(homeodomain-interacting protein kinase 2, HIPK2)
S M 22 IR/ IN B G . 7E DNA i)
i, SPOP i i 55 HIPK2 A . AE FI 175 3 Al e fige 7Y
ZHRA, HEDDR WAL, YRR Y
T P . PCaMfioCH) SPOP 28/ S NME 5 44
B, i HIPK2 72 IR ABCE AR v, i
TR BNIERIE (1) A A

g 5T BR MR BE B DNA %5 & R A1
(chromodomain helicase DNA - binding protein 1,
CHD1) J&—Fhge @i 7, BA W g0
(R 2H 2 A s P g 1 FEIE R &L T, CHDI
1 SPOP 13 [i] 4 47 41 il 4 52 DNA 451475 Y 52 0 >
IMi7E PCa 1, SPOP RALH 5 CHDI Bk [l if %
A=, IEAT CHD1 $lk Fit SPOP 275 U HipIA] i 5 DDR
55 0, BRILLASM, CHDI YR i fE i i £
JE 53BP1, 1% NHEJ Jf #0 i HR, A1 52 0 %of
DSBs &5 ',
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34 SPOP5®EME

AR 2R R, BEE MR, i
PR A P R TR () AN R A AR, DT S R 4
JH AR e i, IR SR A L A A IR A DG
oA HEARIVE R, k2D s e es 4 e g 4
B R AE T B 1 (programmed cell
death 1, PD-1) i /2 Sy I 25 Hh — 2 B 2 19 1
I, AUFE PD-1 ROLEAR, BT HESE TSR 1
(programmed cell death-ligand 1, PD-L1) F1PD-L2,
PD-1/PD-L1 /2 S AiF 52 B H AN S 2 A i ' Bl
FWFFEITRA 120 A Ol e S — g fo%
Tt A2 P EEAILAR L ek A Y AT LA 3 sk BEL AT B 9 A
(AR Ty RE RIS T 40 %) 25 473 8 1 A I il e g
FEOGHY e i 2 0. SPOP RIS o {2 7 2 1 A A
S0 PD-L1 R i, JF LA 48 At J 8 2 11 Al 4/6
(cyclin dependent kinase4/6, CDK4/6) i ft) /5 =
#E— L5 PD-L1 JKF- 7, K, SPOP €742 1y
PCa 4 JifL 38 & A7 8¢ = 7K V-1 PD-L1 2R 1 3Rk, I
ISR T PCa B Re kil 1,

4 SERBTTRIAREE

O KEa FHLHAF T UESE T SPOP & 748 5
AR {55 FI R 51 B =22 (8] () SC B PE . SPOP 2845 14
IR T AR, 306 1 SRC-3 Al Z WAL 4H 26 1
TR EAE I K TRIM24 1 BRD4 F R A, TS
HARGSIE L., SHFEE, WAL
Il RAFFEUESE , A [F1IA YT 7 XX SPOP 28 4% AU )
PCa i # 5 SPOP B A= B 1) PCa fR A JT 3045 5+, 1M
X PCa ff # i — L 43 JZ IR 9T MR T LK
(K 1c).
4.1 SPOPZRTH!
4.1.1 ARfFS#pK LA

K £ SPOP %75 %1 PCa %t AR 155 78 fL BURK
IR 124 SPOP 2845 1 PCa AU AR fi5 5 A A= B g I
PART, AT RAAR RS BGYT ik, BT
5 AR ) mRNA 7KV FIFE A% AR 25 19 B0 9 7 T
F 7 R ARG AL T, KZ SPOP
SR PCa (86 AR I IR e BB, A
15 7] % ADT 8BRS AR IR BEATI697 7. [H)
if, SPOP %75 i &5 B2 1 PCa th X} ADT B 5 I K.
by el qER D TR RIS LT ADT Z AR
RImIARIT 20, A TR I R
S, PR R TE AR B ] PCa R
YER 7 DRUR B R 25 B FEAIK SPOP 55 AR #H B

YEFIRNZ ZALBIRE T, THUHED 2R W22 L i A
WA, TSI A AR S5 G, i BRI
FM AR Z A AH E AR, MTFH 1E AR 543 21 40
JiuAz %) o TR e S5 i 2R 2 AR ) 550 b v i et
L5 DNA 25450 5 1 3806 R A BRI Bl
1E AR #E— 2P 5 7 AT FSERGE, SPOP R AR
I PCa 35 BT HG AR I S5 M 2R A5 G 370 B 7 K
gl 0

4.1.2  HABJCY)E A AR 5

Bl 25 5 B R IR A, (5 P 8 P Jo s i - L 1)
&M (proteolysis-targeting chimeras, PROTACs)
X R S H B AR 1 BT A T R AR — FIA YT IR R
PROTACs 1] LA FH 20 it P4 1) UPS 16 454l [ i 2
#H ™, PROTACs FIFH/ N0, K HArdk
A 55 2 A5 53 B A2 RE R S,
AJ7E SPOP %A= 5745 (1 1/ 5L T [ fi# SPOP iKW 26
F, (SRR E IR 9 B —TFsR
UESE, SPOP %745 i PCa S 1Y 35 44 41 & (1 pS3
WH DR IR F AR A R n] 2% Rk R
MDM2 (MDM2 proto-oncogene, p53 ¥ E3 2 & i%
e ) MO M SR R SPOP Y HY E3 72
R S, BRSNS, MDM2 5 PROTACs
PMFEIAVEHIT SPOP 1YJiY), ik RS SPOP i
Y1 G N SPOP 2878 S 808K 1 S i AR, I
H MDM2 {7 AR 3 fin B A= 74 p53 1 2 1 BTk F
NARF R pS3 ETIRE, TERL “—87 Sk
M PCamyfEH ™ (E1d).

BRI LSRRk TRIM24 4 R 45 #3585 2
BEfb et A BAE R, DRI Z K- 5 AR
MHEAEH, 4EFF ARG A3, XX CRPC [ 4
it 58 5 7= AR SR S AR 0 B DA AT R g e
TRIM24 43X B Fh I fE X CRPC E4T3RYT . B4 —
TR A A g Y8R ) 9 Sl 10 ) 50 o K FHRERETRYT
DFf/INGTF 1T DLSE [ 00 1) £ B 2 R -5 TR = [ 1Y)
MEAER ™ HuvEE, @7 —Fh B R
PR ADL ) 25 I K s R 4 B ) T AR B, T RIE R
TRIM24 F1 BRPF ¥ SUEE R 0 i 551 7, 3k Sepif 5%
PR T Ao il X S ) TRIM24 5 e (0 Ji &%
A HEFTIEGE, DTSR B CRPC TRYT ik

Hur, ©A MR E &I T PROTACs 1Y
AR FEHOE PR (0 0 ) B R LT S
PCa (R JH TIPS AE 1 o, X AT AL IR
J7 AR 15 5 1 B 036 #9 CRPC H 3% 1) — Fh Al A7
EFE
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4.1.3 DNAG N AR

E A BRI UE T B A4 8 SPOP i 1 5 35 2 i
T4 P9k GE %€ 48 (ataxia telangiectasia
mutated, ATM) A0 & E H ok & & 8 & 4R 4
(ionizing irradiation, IR) i %7 Y DNA i 4)i ,
11l SPOP J& A= 5878 2538 i AN AL 4[] I DNA
BE I, 53 DDR ()Y REELE I HE = 40 i X IR
AR oo, L, AR E RIESE T
SPOP ZR7Z )} CHD1 ki, PCa4ifig %} DNA &
O it SR AT WA SR A WM I 7). (poly ADP-
ribose polymerase inhibitor, PARPi) FlI4A2fLyT B
AU, I T PCa 21 AN T Y
JEA:
4.1.4 PD-Llit#ik

PD-1/PD-L1 LA B 8 ik 52 7F HoAth 22 Fb iy o
HARPZERITIVER P, A WFFE 3 T DL ik
HPEIR IR YT SPOP &2 AU PCa, [ LT PD-1/
PD-L1 Y7/ —FRA BRI s iqyy ik, 1%
i i BH T PD-1/PD-L1 {5 538 1, 3 s AT bR
()G ) I 5 | R A B RN o A FFEAS
CDK4/CDK6 #li i 5| A] 4 & PD-L1 #5 1 i KF-, JF
R T PD-1 #0500 A ok oo, R, il o
5 CDK4/6 (19 3% P %+ PD-L1 4 & [ 5 K F #4794
¥, MG BRI T, BARPCafEfESiiE X b —Fh
U MR, FEARKRREE T REXT B IA YT RN AS
fE, [HEA M —LH & B R ARG U — 2
58 541 PD-1/PD-L1 MG IR YT ik o BRILLIAN,
A FEFEUESE, PD-1 0 500w LA 2 1 52 v Jeg 24
WOXTHUER R IGTT U, B eIty T PCa
E AR o BBE, CKE G % R A a5 ]
(immune checkpoint inhibitor, ICI) 5 ADTZiE1T
I56-E 1 AT REXT CRPC 77 AR Bk R A IR YT RO .
HeJa, R TR P ) R G A (tumor
immune microenvironment, TIME) 3455 G 97 3%
RIK K FE, FIHERS I CRPC £ % % ICI My 1697
MRS, S UEE USRS
4.2 SPOPEF4£E!
4.21 TMPRSS2-ERGHl£ Y

MR SCAT R AY, SPOP %75 il TMPRSS2-ERG
Al 5 AE T 51 o i DR 21 A AR B R PR Y [

SPOP %75 7 Fl TMPRSS2-ERG il 45 71 1Y) PCa 21 Jfd
WFFEAFACE 1 ARG 5306 A Be RS e A K
A ¥ TMPRSS2-ERG i [ filt & % (1) PCa £ %
AT REXHM ] AR {55 M & (TR YT 7 1 SO 51K
1fii TMPRSS2 5y 32 MEWZR T, o AE B PR A5 1
LR RN AW A ERG 2 (A ik g in ', A
I A3 3 9 A 2R K S 4 TMPRSS2-ERG 45744
PCa #471697 . M F TMPRSS2-ERG i & 7 4 Xt
SPOP 41 F iz AL B A IBTUEN,, 2B ERG
S ME R A8 A 0 PR 400 R 1% S S R 4 5 i
PCaf & & =, I, wifik TMPRSS2-ERG fl &
T4 SPOP A1 3 1977 R AL i () P Mt )2 3R 7
TMPRSS2-ERG il 45 %! PCa f) 7] 47 5 g 22 — 7
S[Emt, 2 PROTACs 5 e %) 3= 500 ik s
AL 3 I AT 5 MR A IR f#, T PROTACs B
HHMEMRDEEAMGE S Y. Wik, XF
PROTACs i 1] T TMPRSS2-ERG fili & I PCa 975
JPIEATIR AR ST, RIREWT LA — R B3R I7
Ko BRICLIAL, BB BEFEUEI T 0 F DS P it 1 il 551
MFE I AT LA a4 5 AR PG CKS A 7 1Y
TMPRSS2-ERG it &5 % I @ W2 fk., 1% & ERG 5
SPOP FAH HAE 2 1E ERG #1112 R AL I%fR, =&
IKFVATF TMPRSS2-ERG il PCa i H £ 147,
4.2.2 G3BPIEFILM

PR SCH I KB, 7E SPOP B A= i 1 58 A% Y
(1) PCa H 3447 o 8 o 2K 11 GTP il 341 26 11 SH3
SEMI S A8 H 1 (GTPase activating protein SH3
domain binding protein 1, G3BP1) K% [ i /K F
Frrdige, FW PCatfX G3BPI iRk 5 SPOP %
AR TE I ), G3BPI & SPOP (1 b i & H
Al SE G PEPI ] SPOP Yz ZALTIfE, #EiM T8 AR
5 S A LR M PCa iy KA . kA, G3BPI
w5 AR fEEAEAEH, AR WL % L E G3BPI
s, FFLLIE I RS I ik — iR AR5 5
W SRS, ESEAENIERE . RIEM
Je T AR Sl Y R S A B Y R
G3BP1 Rk gE+F T AR5 5 MET 0 3, &l
G3BP1 #3571 PCa X AR #0245 Wy fak, GG
B85 961K G3BP1 (1) PCa (85 vl i 246 i 5 AR
PRI AT, PTREAT R AR LS 2,



776+ S FESEYYMIEHE  Prog. Biochem. Biophys. 2023; 50 (4)

1 31 164 184 297 359 374 aa
@]
S 8§ & 5 8:53%
> I n L M B R
| | | I I |

MDM2

SPOP-MUT

SPOP-WT

(c)
TSR A A 77
ARSI 5
ADT

P S R AR

l

RT

IR — PARPi

TMPRSS2-ERG

SPOP-WT

1

AR 71

PROTACs I
Fig. 1 The diagrammatic sketch of the structure, function, mutations of SPOP and the stratified treatment of PCa
E1 SPOPHMIZH. IhgE. RERPCaHH RiGT~EE
(a) SPOPMYZSHIN S HAEPCarP 992507 115 (b) SPOP-WT/MUT SR BIAH T A Mz RALKEf#INRE; (c) SPOPZZEMIPCaySPOPYTAE
BIPCaly /02397 7% s (d) PROTACsHI T SPOPIKIEMI A . WT, Hp4:%l; MUT, 2874840,



2023; 50 (4

BivE, % HAREREEENEITIRES R AT IR <777+

5 BESRE

PCa ) & 4= %% Ji& 55 SPOP ) 28 7% Kz AR {55 1
IREYIAE

H5E, FEIEHE AR S BT B4 A SPOP X} PCa
EFEEAIHEIER, 7E PCa iR EIENL T, KA
1 SPOP WU K Ry Ty R Bk 58 S 67500 T B0 S
YIRS S, AU 55 A A e T ELAE
feIeE 200 B ) B O el i & A o PRI, 3 i PR
PR B & VRS P PCa SRS IR . M RWI2
W4 1 1 B IE B R AR AR AIB TR, W]
FHU PCa S AT ME I JZIRYT, XAl REXT
M35 PCa [UYRYT P P AR

HK, SPOP %7E S EAY AR & 1 S H AL #E
KRR A R H X0 AR 5538 4o B s i —
HAFEFIFINHE PCa i kAR, X AR{F 538
BEHEA T EAEVRE R 2504502 PCaify T v i e iz
258, IRRGET R, 204 60% ) CRPC (&
XU Za Y AT 251, Uk, anfaxt AR 55 i
PA R, 52 5 IR CRPC it 25 fY T 2 XE o
z— ¥,

)i, SPOPRAFA 2 T2 DDR M, fifihyE
AN TR . PARP #0550 A 28 A7 45 R dgl gt 2
# L FTLLR M SE 25 %) PCa gt TI6Y7 il fEHUS K
WIS R . FERPEN T IR, SPOP %848 %) fifi
PD-L1 2P 530 PCa A S kit , LR ml 3 it
ICIAT ATR SR TIRYT o B B3RYT I AT E
TEARJEZ AL, RO Ak S A T IR R AT 5T LR 3k
— K.

3 3 WA A K 3T 5 P g SPOP 119 58 A8 Ik
5 PCatl MARL, 7F 15.47% ()18 N e T 7
£ SPOP R4, RN HE MATH 25435,  H MR
ZE %Ko (estrogen receptor o, ERa) 5 AR AIZ544
SRS O B B A A, #R AT Bk SPOP{Z Rk
R Do FE N RE S PCa Z (Rl AN[R] 2
Qb 7EF, PCa 't SPOP %8 AR 1R 1) D RE & K I8 T
SPOP % BETs iY [ fift V- flif, T3 BETs 5 HEAH,
&3 T PCa XF BET M il 50 i i 25 P 7= A=, i #E+
HNESEE T, SPOP ZEE A3 55 | SPOP 5 IK# (1)
5 He71, FEBET I FEM, It BET &K
S 8 AR A 98 400 O F BET 10 e 1, LA i
WSS RS F 5 B IR T i BT 267
(AT REdE

ZE TR, R s S e R O R Ak

7

JRHUHIS 22278, RV ) — AN JE DR AN R v 11
HRERTREIN 57, SRS PRI TIRE S W WAIR] . anfey
A BN Ao A BE DR 2 - et . 4 PCa 73
JRIRYT, AR P T,
Z IR AWT T

2 £ X M

[11  Sung H, Ferlay J, Siegel R, ef al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin, 2021, 71(3):
209-249

[2]  Culp M, Soerjomataram I, Efstathiou J, et al. Recent global
patterns in prostate cancer incidence and mortality rates. Eur Urol,
2020,77(1):38-52

[3] Zhou C, Check D, Lortet-Tieulent J, et al. Prostate cancer
incidence in 43 populations worldwide: an analysis of time trends
overall and by age group. IntJ Cancer, 2016, 138(6): 1388-1400

[4]  Coux O, Tanaka K, Goldberg A. Structure and functions of the 20S
and 26S proteasomes. Annu Rev Biochem, 1996, 65(1): 801-847

[51 Jin X, Shi Q, Li Q, ef al. CRL3-SPOP ubiquitin ligase complex
suppresses the growth of diffuse large B-cell lymphoma by
negatively regulating the MyD88/NF-kappaB signaling.
Leukemia, 2020, 34(5): 1305-1314

[6]  Abeshouse A, Ahn J, Akbani R, ez al. The molecular taxonomy of
primary prostate cancer. Cell,2015,163(4): 1011-1025

[71 Santis D, Gillessen S, Grummet J, et al. EAU-EANM-ESTRO
ESUR ISUP SIOG guidelines on prostate cancer 2021. Eur Urol,
2021,79(2): 1-212

[8] Massie C E, Lynch A, Ramos-Montoya A, et al. The androgen
receptor fuels prostate cancer by regulating central metabolism
and biosynthesis. EMBOJ,2011,30(13):2719-2733

[9] Komura K, Sweeney C J, Inamoto T, et al. Current treatment
strategies for advanced prostate cancer. Int J Urol, 2018, 25(3):
220-231

[10] Chi KN, Agarwal N, Bjartell A, et al. Apalutamide for metastatic,
castration-sensitive prostate cancer. N Engl J Med, 2019, 381(1):
13-24

[11] Hul, Wang G, Sun T. Dissecting the roles of the androgen receptor
in prostate cancer from molecular perspectives. Tumour Biol,
2017,39(5): 1010428317692259

[12] Blattner M, Liu D, Robinson B D, et al. SPOP mutation drives
prostate tumorigenesis in vivo through coordinate regulation of
PI3K/mTOR and AR signaling. Cancer Cell, 2017,31(3): 436-451

[13] Bernasocchi T, Theurillat J P. SPOP-mutant prostate cancer:
translating fundamental biology into patient care. Cancer Lett,
2022,529(3): 11-18

[14] AnlJ, Wang C, Deng Y, et al. Destruction of full-length androgen
receptor by wild-type SPOP, but not prostate-cancer-associated
mutants. Cell Rep, 2014, 6(4): 657-669

[15] Jillson L K, Yette G A, Laajala T D, et al. Androgen receptor

signaling in prostate cancer genomic subtypes. Cancers (Basel),



<778

EMUFESEYIRHR

Prog. Biochem. Biophys.

2023; 50 (4)

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

2021,13(13):3272

Zong Y, Goldstein A S. Adaptation or selection-mechanisms of
castration-resistant prostate cancer. Nat Rev Urol, 2013, 10(2):
90-98

Claessens F, Helsen C, Prekovic S, ez al. Emerging mechanisms of
enzalutamide resistance in prostate cancer. Nat Rev Urol, 2014,
11(12): 712-716

Zhuang M, Calabrese M, Liu J, et al. Structures of SPOP-substrate
complexes: insights into molecular architectures of BTB-Cul3
ubiquitin ligases. Mol Cell, 2009, 36(1): 39-50

KwonJE, LaM, Oh K H, et al. BTB Domain-containing Speckle-
type POZ Protein (SPOP) serves as an adaptor of Daxx for
ubiquitination by Cul3-based ubiquitin ligase. J Biol Chem, 2006,
281(18): 12664-12672

Errington W J, Khan M Q, Bueler S A, et al. Adaptor protein self-
assembly drives the control of a Cullin-RING ubiquitin ligase.
Structure, 2012, 20(7): 1141-1153

Pierce W K, Grace C R, Lee J, et al. Multiple weak linear motifs
enhance recruitment and processivity in SPOP-mediated substrate
ubiquitination. J Mol Biol, 2016, 428(6): 1256-1271

Marzahn M R, Marada S, Lee J, er al. Higher-order
oligomerization promotes localization of SPOP to liquid nuclear
speckles. EMBOJ,2016,35(12): 1254-1275

Zhang P, Gao K, Tang Y, et al. Destruction of DDIT3/CHOP
protein by wild-type SPOP but not prostate cancer-associated
mutants. Hum Mutat, 2014, 35(9): 1142-1151

Theurillat J P P, Udeshi N D, Errington W J, et al. Ubiquitylome
analysis identifies dysregulation of effector substrates in SPOP-
mutant prostate cancer. Science, 2014,346(6205): 85-89

AnlJ,Ren S, Murphy Stephen J, et al. Truncated ERG oncoproteins
from TMPRSS2-ERG fusions are resistant to SPOP-mediated
proteasome degradation. Mol Cell, 2015,59(6): 904-916

Wu F, Dai X, Gan W, et al. Prostate cancer-associated mutation in
SPOP impairs its ability to target Cdc20 for poly-ubiquitination
and degradation. Cancer Lett,2017,385(1): 207-214

Zhang J, Chen M, ZhuY, et al. SPOP promotes Nanog destruction
to suppress stem cell traits and prostate cancer progression. Dev
Cell,2019,48(3):329-344

Wang X, Jin J, Wan F, et al. AMPK promotes SPOP-Mediated
NANOG degradation to regulate prostate cancer cell stemness.
Dev Cell,2019,48(3): 345-360

Geng C, Kaochar S, Li M, et al. SPOP regulates prostate epithelial
cell proliferation and promotes ubiquitination and turnover of c-
MY C oncoprotein. Oncogene, 2017,36(33): 4767-4777

Groner A, Cato L, De Tribolet-Hardy J, et al. TRIM24 Is an
oncogenic transcriptional activator in prostate cancer. Cancer Cell,
2016,29(6): 846-858

Li C, Ao J, Fu J, et al. Tumor-suppressor role for the SPOP
ubiquitin ligase in signal-dependent proteolysis of the oncogenic
co-activator SRC-3/AIB1. Oncogene,2011,30(42): 4350-4364
Zhang P, Wang D, Zhao Y, et al. Intrinsic BET inhibitor resistance
in SPOP-mutated prostate cancer is mediated by BET protein

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

stabilization and AKT-mTORC activation. Nat Med, 2017, 23(9):
1055-1062

Geng C, Rajapakshe K, Shah S S, et al. Androgen receptor is the
key transcriptional mediator of the tumor suppressor SPOP in
prostate cancer. Cancer Res, 2014, 74(19): 5631-5643

Geng C, He B, Xu L, ez al. Prostate cancer-associated mutations in
speckle-type POZ protein (SPOP) regulate steroid receptor
coactivator 3 protein turnover. Proc Nat Acad Sci USA, 2013,
110(17): 6997-7002

Janouskova H, El Tekle G, Bellini E, et al. Opposing effects of
cancer-type-specific SPOP mutants on BET protein degradation
and sensitivity to BET inhibitors. Nat Med, 2017, 23(9): 1046~
1054

Sakaue T, Sakakibara I, Uesugi T, ef al. The CUL3-SPOP-DAXX
axis is a novel regulator of VEGFR2 expression in vascular
endothelial cells. Sci Rep, 2017, 7(2): 42845

Luo L, Tang H, Ling L, et al. LINC01638 IncRNA activates
MTDH-Twistl signaling by preventing SPOP-mediated c-Myc
degradation in triple-negative breast cancer. Oncogene, 2018,
37(47):6166-6179

Nadal M, Prekovic S, Gallastegui N, et al. Structure of the
homodimeric androgen receptor ligand-binding domain. Nat
Commun, 2017,8(2): 1-14

Formaggio N, Rubin M A, Theurillat J P. Loss and revival of
androgen receptor signaling in advanced prostate cancer.
Oncogene, 2021, 40(7): 1205-1216

LiJ, Fu X, Cao S, et al. Membrane-associated androgen receptor
(AR) potentiates its transcriptional activities by activating heat
shock protein 27 (HSP27). J Biol Chem, 2018, 293(33): 12719-
12729

Jamroze A, Chatta G, Tang D G. Androgen receptor (AR)
heterogeneity in prostate cancer and therapy resistance. Cancer
Lett,2021,518:1-9

Fong KW, Zhao J C, Song B, et al. TRIM28 protects TRIM24 from
SPOP-mediated degradation and promotes prostate cancer
progression. Nat Commun, 2018, 9(1): 5007

Ferry C, Gaouar S, Fischer B, et al. Cullin 3 mediates SRC-3
ubiquitination and degradation to control the retinoic acid
response. Proc Nat Acad Sci USA, 2011,108(51):20603-20608
Fujita K, Nonomura N. Role of androgen receptor in prostate
cancer: areview. World ] Mens Health, 2019, 37(3): 288-295

Duan S, Pagano M. SPOP mutations or ERG rearrangements result
in enhanced levels of ERG to promote cell invasion in prostate
cancer. Mol Cell, 2015, 59(6): 883-884

Taa L. SPOP and FOXA1 mutations are associated with PSA
recurrence in ERG wt tumors, and SPOP downregulation with
ERG-rearranged prostate cancer. Prostate, 2019, 79(10): 1156-
1165

Gan W, Dai X, Lunardi A, et al. SPOP promotes ubiquitination and
degradation of the ERG oncoprotein to suppress prostate cancer
progression. Mol Cell, 2015,59(6): 917-930

Bernasocchi T, Tekle G E, Bolis M, et al. Dual functions of SPOP



2023; 50 (4

BivE, % HAREREEENEITIRES R AT IR

+779-

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

and ERG dictate androgen therapy responses in prostate cancer.
Nat Commun, 2020, 12(1): 734

Carver B S, Tran J, Gopalan A, et al. Aberrant ERG expression
cooperates with loss of PTEN to promote cancer progression in the
prostate. Nat Genet, 2009, 41(5): 619-624

Barbieri C, Baca S, Lawrence M, et al. Exome sequencing
identifies recurrent SPOP, FOXA1 and MEDI2 mutations in
prostate cancer. Nat Genet, 2012, 44(6): 685-689

Yan Y, Ma J, Wang D, et al. The novel BET-CBP/p300 dual
inhibitor NEO2734 is active in SPOP mutant and wild-type
prostate cancer. EMBO Mol Med, 2019, 11(11): 10659

Dai X, Wang Z, Wei W. SPOP-mediated degradation of BRD4
dictates cellular sensitivity to BET inhibitors. Cell Cycle, 2017,
16(24):2326-2329

Schwarze S R, Lin E W, Christian P A, et al. Intracellular death
platform steps-in: targeting prostate tumors via endoplasmic
reticulum (ER) apoptosis. Prostate, 2010, 68(15): 1615-1623
Coquenlorge S, Yin W, Yung T, ef al. GLI2 modulated by SUFU
and SPOP induces intestinal stem cell niche signals in
development and tumorigenesis. Cell Rep, 2019, 27(10): 3006-
3018

Zhu Y, Wen J, Huang G, et al. CHD1 and SPOP synergistically
protect prostate epithelial cells from DNA damage. Prostate, 2021,
81(1): 81-88

Hjorth-Jensen K, Maya-Mendoza A, Dalgaard N, et al. SPOP
promotes transcriptional expression of DNA repair and replication
factors to prevent replication stress and genomic instability.
Nucleic Acids Res, 2018, 46(18): 9484-9495

XiaoM, FriedJ S, Ma ], et al. A disease-relevant mutation of SPOP
highlights functional significance of ATM-mediated DNA damage
response. Signal Transduct Target Ther, 2021, 6(1): 17

Yu C, Hu K, Nguyen D, et al. From genomics to functions:
preclinical mouse models for understanding oncogenic pathways
inprostate cancer. Am J Cancer Res, 2019,9(10): 2079-2102
Hustedt N, Durocher D. The control of DNA repair by the cell
cycle. Nat Cell Biol, 2016, 19(1): 1-9

Wang D, Ma J, Botuyan M V, et al. ATM-phosphorylated SPOP
contributes to 53BP1 exclusion from chromatin during DNA
replication. SciAdv, 2021,7(25): eabd9208

Blaquiere J A, Verheyen E M. Homeodomain-interacting protein
kinases: diverse and complex roles in development and disease.
Curr Top Dev Biol,2017,123(11): 73-103

Hofmann T G, Glas C, Bitomsky N. HIPK2: a tumour suppressor
that controls DNA damage-induced cell fate and cytokinesis.
Bioessays, 2013,35(1): 55-64

Jin X, Qing S, Li Q, et al. Prostate cancer-associated SPOP
mutations lead to genomic instability through disruption of the
SPOP-HIPK?2 axis. Nucleic Acids Res, 2021, 49(12): 6788-6803
Akaike Y, Kuwano Y, Nishida K, ef al. Homeodomain-interacting
protein kinase 2 regulates DNA damage response through
interacting with heterochromatin protein 1y. Oncogene, 2015,
34(26):3463-3473

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

Burkhardt L, Fuchs S, Krohn A, e al. CHDI1 is a 521 tumor
suppressor required for ERG rearrangement in prostate cancer.
Cancer Res, 2013,73(9):2795-2805

Shenoy T R, Boysen G, Wang M Y, et al. CHD1 loss sensitizes
prostate cancer to DNA damaging therapy by promoting error-
prone double-strand break repair. Ann Oncol, 2017, 28(7): 1495-
1507

Ribas A. Releasing the brakes on cancer immunotherapy. N Engl J
Med, 2015,373(16): 1490-1492

Schreiber R D, Old L J, Smyth M J. Cancer immunoediting:
integrating in cancer

promotion. Science, 2011, 331(6024): 1565-1570

immunity’s roles suppression and
Wang P F, Chen Y, Song SY, et al. Immune-related adverse events
associated with anti-PD-1/PD-L1 treatment for malignancies: a
Meta-analysis. Front Pharmacol, 2017, 8(10): 730

Tumeh P C, Harview C L, Yearley J H, et al. PD-1 blockade induces
responses by inhibiting adaptive immune resistance. Nature, 2014,
515(7528):568-571

Zhang J, Bu X, Wang H, et al. Cyclin D-CDK4 kinase destabilizes
PD-L1 via cullin 3-SPOP to control cancer immune surveillance.
Nature, 2018, 553(7686): 91-95

Zhang R, Huang C, Xiao X, et al. Improving strategies in the
development of protein-downregulation-based antiandrogens.
ChemMed Chem, 2021,16(13):2021-2033

Tewari A, Cheung A, Crowdis J, et al. Molecular features of
exceptional response to neoadjuvant anti-androgen therapy in
high-risk localized prostate cancer. Cell Rep,2021,36(10): 109665
Stangl A, Willner C, Maahs L, ef a/. SPOP mutation as a predictive
marker for treatment of metastatic castration-resistant prostate
cancer. J Clin Oncol, 2021, 39(6): 160-160

Swami U, Isaacsson Velho P, Nussenzveig R, ef al. Association of
SPOP mutations with outcomes in men with de novo metastatic
castration-sensitive prostate cancer. Eur Urol, 2020, 78(5):
652-656

Nakazawa M, Fang M, Velho P 1, et al. SPOP mutations in prostate
cancer: clinical and genomic features. J Clin Oncol, 2021,
39(6): 151

Crawford E D, Heidenreich A, Lawrentschuk N, ef al. Androgen-
targeted therapy in men with prostate cancer: evolving practice and
future considerations. Prostate Cancer Prostatic Dis, 2019, 22(1):
24-38

Crona D J, Whang Y E. Androgen receptor-dependent and
-independent mechanisms involved in prostate cancer therapy
resistance. Cancers (Basel), 2017,9(6): 67

Liu H, Wang L, Tian J, ef al. Molecular dynamics studies on the
enzalutamide resistance mechanisms induced by androgen
receptor mutations. J Cell Biochem, 2017, 118(9): 2792-2801
Boysen G, Rodrigues D, Rescigno P, et al. SPOP-mutated/CHD1-
deleted lethal prostate cancer and abiraterone sensitivity. Clin
Cancer Res, 2018, 24(22): 5585-5593

An S, Fu L. Small-molecule PROTACs: an emerging and

promising approach for the development of targeted therapy drugs.



<780

EMUFESEYIRHR

Prog. Biochem. Biophys.

2023; 50 (4)

[82]

[83]

(84]

[85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

[93]

EBioMedicine, 2018, 36(9): 553-562

Sun X, Gao H, Yang Y, et al. PROTACsS: great opportunities for
academia and industry. Signal Transduct Target Ther, 2019, 4: 64
Liu Z, Guo H, Zhu Y, et al. TP53 alterations of hormone-naive
prostate cancer in the Chinese population. Prostate Cancer
Prostatic Dis, 2021, 24(2): 482-491

Abida W, Cyrta J, Heller G, ef al. Genomic correlates of clinical
outcome in advanced prostate cancer. Proc Natl Acad Sci USA,
2019,116(23): 11428-11436

Jain A K, Allton K, Duncan A D, et al. TRIM24 is a p53-induced
E3-ubiquitin ~ ligase  that  undergoes  ATM-mediated
phosphorylation and autodegradation during DNA damage. Mol
Cell Biol, 2014, 34(14): 2695-2709

Filippakopoulos P, Knapp S. Targeting bromodomains: epigenetic
readers of lysine acetylation. Nat Rev Drug Discov, 2014, 13(5):
337-356

BennettJ, Fedorov O, Tallant C, et al. Discovery of a chemical tool
inhibitor targeting the bromodomains of TRIM24 and BRPF. J
Med Chem, 2016,59(4): 1642-1647

Salami J, Alabi S, Willard R R, et al. Androgen receptor
degradation by the proteolysis-targeting chimera ARCC-4
outperforms enzalutamide in cellular models of prostate cancer
drugresistance. Commun Biol, 2018, 1: 100

Chen X, Shen H, Shao Y, ef al. A narrative review of proteolytic
targeting chimeras (PROTACs): future perspective for prostate
cancer therapy. Transl Androl Urol, 2021, 10(2): 954-962
Macekawa M, Higashiyama S. The roles of SPOP in DNA damage
response and DNA replication. IntJ Mol Sci, 2020, 21(19): 7293
Zhang D, Wang H, Sun M, et al. Speckle-type POZ protein, SPOP,
is involved in the DNA damage response. Carcinogenesis, 2014,
35(8):1691-1697

De Bono J, Mateo J, Fizazi K, et al. Olaparib for metastatic
castration-resistant prostate cancer. N Engl J Med, 2020, 382(22):
2091-2102

et al. Substantial

Kumar A, Coleman I, Morrissey C,

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

interindividual and limited intraindividual genomic diversity
among tumors from men with metastatic prostate cancer. Nat Med,
2016,22(4):369-378

Vitkin N, Nersesian S, Siemens D R, et al. The tumor immune
contexture of prostate cancer. Front Immunol, 2019, 10: 603
Aghajani M, Graham S, Mccafferty C, ez al. Clinicopathologic and
prognostic significance of programmed cell death ligand 1
expression in patients with non-medullary thyroid cancer: a
systematic review and Meta-analysis. Thyroid, 2018, 28(3):
349-361

Goel S, Decristo M, Watt A, et al. CDK4/6 inhibition triggers anti-
tumour immunity. Nature, 2017, 548(7668): 471-475

GraffJN, Alumkal J J, Drake C G, et al. Early evidence of anti-PD-
1 activity in enzalutamide-resistant prostate cancer. Oncotarget,
2016,7(33):52810-52817

Buhimschi A D, Armstrong H A, Toure M, et al. Targeting the
C4818S ibrutinib-resistance mutation in bruton’s tyrosine kinase
using PROTAC-mediated degradation. Biochemistry, 2018,
57(26):3564-3575

Mukhopadhyay C, Yang C, Xu L, et al. G3BPI inhibits Cul3
(SPOP) to amplify AR signaling and promote prostate cancer. Nat
Commun, 2021, 12(1): 6662

Mukhopadhyay C, Zhou P. G3BP1 modulates SPOP to promote
prostate tumorigenesis. Mol Cell Oncol, 2022, 9(1):2030171
Erickson A, Hayes A, Rajakumar T, et al. A systematic review of
prostate cancer heterogeneity: understanding the clonal ancestry
of multifocal disease. Eur Urol Oncol, 2021, 4(3): 358-369

Le Gallo M, O'hara A, Rudd M, et al. Exome sequencing of serous
endometrial tumors identifies recurrent somatic mutations in
chromatin-remodeling and ubiquitin ligase complex genes. Nat
Genet,2012,44(12): 1310-1315

Zhang P, Gao K, Jin X, et al. Endometrial cancer-associated
mutants of SPOP are defective in regulating estrogen receptor- o

protein turnover. Cell Death Dis, 2015,6(3): ¢1687



2023; 50 (4) =G, & HAREREEAMEIYIRES BIGIT R <781+

Role of SPOP in Stratified Treatment of Prostate Cancer’

CAO Xin-Yi, XIA Jing-Yi, JIN Xiao-Feng™
(Department of Biochemistry and Molecular Biology, Zhejiang Provincial Key Laboratory of Pathophysiology,
Medical School of Ningbo University, Ningbo 315211, China)

Abstract Prostate cancer (PCa) has been the second most common cancer in men with the continuous
development of the aging population, the increasing incidence and mortality rate of PCa, and complex occurrence
and development mechanism of PCa. The overactivation of AR signaling pathway not only promotes the
occurrence of castration-resistance PCa (CPRC), but also plays a key role in the drug resistance of PCa. Current
strategies of PCa treatment are relatively limited and accompanied with several serious side-effects. Therefore, the
continuous development of targeted therapy, we need to find new treatments to improve the efficacy. Numerous
studies have demonstrated that the abnormal function of E3 ubiquitin ligase adaptor, speckle-type POZ protein
(SPOP) has a close relationship with the occurrence and progression of PCa. Herein, this review will combine
recent researches to describe the basic structure and function of SPOP, summarize the effect of SPOP on PCa, and
explore the possibility of stratified treatment for PCa patients with SPOP mutations or not. For example, PCa
patients with SPOP mutation can evidently enhance AR signal pathway, disrupt DNA damage response and
immune response, leading to occurrence and progression of PCa. While, in the case of PCa patients with SPOP
wildtype, can also occur the gene fusion, leading to imbalance of stress response protein, which may induce the
occurrence and progression of PCa. Thus, it is essential that using genetic testing of patients in the early stage of
treatment, which may indicate the stratified treatment for PCa patients, thus improving the prognosis of PCa

efficiently.
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