FH [E 4T B 2E )2 243 Chinese Journal of Cell Biology 2020, 42(6): 1104-1112

SPOPFERNIE & 4 HHIMEA

KITE MAx &ITAT

(HLIME R 2, (e A R 2 B, 424 321004)

HE SPOP(speckle type BTB/POZ protein)2 E3/Z % £ 428445 % & &), SPOP#)H Kk R E &K
WETN L OB AENG A ER, E4 A, C2RE S AV 6 R A K5 SPOPRE R ¢y 5 &
RREEH XK. SPOPLIEH) o b LA 4L 4F b4, SPOP £ %l 1432 F & & B IR iR 2 I RAT 3 I 78
AR REFEHSEIEGEE, ATENTIRE. T2 NEEfIURE T LIF7E AR GER.
1% L3148 T SPOPAE T ) 20 42 K IR I 8 04 2t R AT A2 v 64 ) A HAE AL,

KHEIR  SPOP; MR K AE; Ak A, 2 &1k

The Role of SPOP in Tumorigenesis

ZHANG Fangjun, HE Su, JIN Zhigang*
(College of Chemistry and Life Sciences, Zhejiang Normal University, Jinhua 321004, China)

Abstract

DOI: 10.11844/cjcb.2020.06.0019

SPOP (speckle type BTB/POZ protein) is an E3 ubiquitin ligase adaptor protein. Genomic loss

or mutation of SPOP locus generally leads to various diseases including tumors. It has been reported that occur-

rence and development of various types of cancers are closely associated with functional loss or mutation of SPOP.

However, SPOP functions in a tissue-specific manner. SPOP targets its substrate proteins for proteasomal degrada-

tion, and these proteins are usually required for tumor growth, invasion and metastasis. SPOP mainly acts as a tu-

mor suppressor gene in prostate cancer, endometrial cancer and breast cancer. Here we summarize recent studies to

discuss the role of SPOP and its possible mechanisms in tumor progression in different tissues.
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Fig.1 Schematic representation of SPOP protein

PR T 45 & Cul3 E392 #IEHEM, B 5 ¥ BSPOP-
Cul3-Rbx1 E3iz HZEHME 5424, SPOPHE H il T
MATHZ; #38 FIBTB 25 #38 A S #L B L R AR 2 2= AL,
T I 45 B 1 28026 S B BRI 12 P ARS). BTBSS
T3 A B T SPOPIY i — SR A, I 4> s JE iR ke ik
(L186. L190. L193. I217)i & Z{F fl. BACK%:
F 384 Bl T-SPOPTE B 55 5 A, Horh Y353k =1 244
(El1). BTBZ:#3 5 & R AR IMIBACK &5 #4 ik I 7] =
L SPOPHLK Y 1 55 B 4, 11ISPOPIE i3 Ak 5 Kk
Y2 IE W IhRE % VM 9. SPOPE i 3 4K J5 BEH XX
R FE L [ 192 = AR, T AN BE T 15 B AA I SPOP
WIH AE 53R A L Cul3gh &, (HELE [z R
WD A, SPOPIE i C-3fi A% 5 r 7 41, 38 % 5 A
TRz,

2 SPOPEHHIINAE

SPOP/Cul3 = # 1) B¢ 42 71 57 40 il A 1932 &= AL
&4, T 4% ¥ 2R I € A BURR E 1, T1TSPOP
HEEE W % 2 Fh R L 4 D) BE(R ). SEBR b,
SPOP#) Ty i = ZLHL e T-¥E 28 A RO Th g, B9 4%
WEHRE MmAER REEH &AL Fan,
BRD4(bromodomain-containing protein 4) & SPOP [{]
— R, AR g IO B 1A 2 A A i
TR CELFEAN M B B s . AR, AT AT
522855 h i S BAE ™. BRD4 R DL C-Myc”
S sk N 7 3R 15, H g 5 P-TEFb(positive transcrip-
tion elongation factor b)!'”, p53'J, AR(androgen re-
ceptor)! 145 i 55 SE AT PR -1~ B0 s R -1 AH HLAE F AT
{3k R R RI 25 . SPOPAY 1 BRDA R R4l i A 3¢
S DR IS MEANAH DG FE IR 395, 1K /& SPOP i 4% & [K]
Tk —F 7K. F4h, SPOPHS & #E & H FH AR 5
Sy R B4 E A, X SRERE F AT Re A iR
FIK RIS, 02 5 X3 B4 k35 ) MacroH2 AP,

SPOP MATH# #4458k A0, 55 1) 22 AR A1k M 2 2k
Fi% 5% L (I D)2 HESPOPS HE 25 (1 I 45 A1, g #H 5%
SPOP T AR PR (RFAIE M 2 5E 8 K AE s R AR AN e 4 5 4
T, FESPOPIREHR I, MR IE 1 K A2 K
JUS18, 4 1 J8 i SBC(SPOP-binding consensus)fi
——@-n-S-S/T-S/T(H H O R AR P I R FR 2,
R R B I R Bk 3L ) 5 SPOPLE &1, #1 k| SBCHR
IRBERR LI RUR A 2 TR B 1 5 SPOPHI S & .
BBAE SR, kR R 2 [ ATF 72 45 S AN 22 J7 T 34 T SPOP
PRV IR R A R R AR A

3 SPOPSHIFIMRE

T 51) e S5 11 4 = DR A R A Y D R B,
SPOP;E R A s v i RAZ R B e (2R K 2 —, H
KA FHRAE T FEMATHZ: Fdsk E(E 1), 7R K 1
HiI 5 IS, SPOPTRAZ 2 0N 6%~13%, 1E %% Y 1
B i i, SPOPTRAZ #1815 14.5%'¥, SPOPH] fig
FESEIE T T I R AR R AR, LR AR A 41 e K
AR BRI B K 1. SPOPRZL 5 i 51| if 9
B R I TMPRSS2-ERG(transmembrane protease serine
2-erythroblast transformation specific related gene)Z: ]
H ARG A RN HATHT AR, SPOPH
2 figes B0 PR R, R AR B FR SPOPEUE /)N B e
AT IR, BUIRSPOPEGE R IESPOP 4 $E =i Hiy
) e A0 (1 4R 2 e 01

SPOPHL i A K 2 Jit Jilfis F: R M (3R 1), b A
10 Fi1 /2 1 41 Jii 5 - SPOPI I 4. SPOPH 25 HL I
B /2 AR, ARTE IE ¥ AT 81 AR 40 IR 1) A2 KO B A
B S R A R b iR HEAE . ARE A S
SPOP4 5 IISBCHAA, T SPOP/ AR IZ AL 5 1%
fi#"3, SPOPIE 1] LAl 45 SRC3(steroid receptor co-
activator-3) B¢ TRIM24(tripartite motif-containing 24) [
i R AM I AR R % syl MED . T 41 R AH SCSPOP R
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TR S ARG &, AR FHEEM . MR
it FIE RESPOPA T AR PR AR, TR ER R 2, %
S R 5 AR 1 (OB B2 SR 3 1) 5 U ME B R 9t
PEA SR, H ATVRYT A B 5 9 2 22 i
WrAR, fEI6 77 — B A5, 28088 & MARKH Y
HI B i e 2 A2 2 A AR U 2L T 27 e, (ELIX A e A
(RILER o AN T Aty o

BRD4H /2 SPOPE il 51| i fig () s ELHEH 11 22
—, HAEHTZ g v g 5. BRDAZ —FT 2 (1

e LR N1, 8 b R e R DR ) R TA (i i e
iE IR J& . £ 1T 51 i o, SPOP 5 BRDA4{SBCHR
WahiG, R HKAZ ZWIF M, 1 R FT5
A 5% I SPOPZR AZ 4R (U1F 133 V) 5 $iBRD4E 14 7K °F
2 2 T, TGk R SBCHEL A FRIBRDA A 23 # SPOP
fifg1*2, JQ1(triphenylmethane-4,4",4” -triisocyanate)
A LA HIBRDAR 1% M7, AH 2 1/ 51 B Ji R IQ1AT it
PR, B A= RUSPOPA T 41 Jltid i JQ UABURK, T D
B 2 R SPOP 5% A8 44 iy 41) i RTIQIA U™, 1K

=1 SPOPEHMEMSIHEEN S

Table 1 Substrate and function classification of SPOP protein

SPOPI¥ T ¢ <Y SPOPJE# (¥ T e 23R
Function of SPOP Substrate Function of SPOP substrate Reference
Organ development PDX1 Transcription factor required for pancreas development [24]
regulation Gli2/3 Transcription factors regulating hedgehog signaling and embryonic development [25]
Daxx Transcription corepressor inhibiting apoptosis [26]
Tumor suppressor SRC3 Transcription coactivator in hormone receptor signaling [15]
role AR Transcription factor required for AR signaling [14]
DEK Oncoprotein implicated in epigenetic and transcriptional regulation [17]
ERG Transcription factor regulating proliferation and apoptosis [20-21]
SENP7 SUMO-specific proteases inhibiting senescence [27]
TRIM24 Oncogenic transcription coactivator and ubiquitin ligase regulating proliferation and  [17]
apoptosis
EgIN2 Prolyl hydroxylase regulating hypoxia tolerance and apoptosis [28]
Cyclin E1 Regulatory subunit of CDK2 required for cell cycle transition [29]
ATF2 Transcriptional activator involved in anti-apoptosis, cell growth, and DNA damage  [30]
response
NANOG Transcriptional factor maintaining pluripotency of stem cells [31]
C-Myc Transcription factor involved in cell-cycle regulation [23]
INF2 Polymerization and depolymerization of actin filaments [32]
BRD4 Oncogenic transcription coactivator [16,33-34]
Cdc20 Cell-cycle regulation [35]
ERa Transcription factor required for ER signaling [36]
BRMSI1 Transcriptional repressor inhibiting metastasis [37]
HDAC6 Histone deacetylase and transcriptional repressor [38]
SIRT2 Transcription regulation, metabolism, DNA repair [39]
FADD Apoptotic adaptor protein [40]
DDIT3 Multifunctional transcription factor in ER stress response [41]
PR Transcription factor required for PR signaling [42]
PD-L1 Immune inhibitory receptor ligand [43]
MMP2 ECM regulation [44]
Oncogenic role PTEN Phosphatase in PI3K signaling pathway [8]
DUSP7 Phosphatase in MAP kinase pathway [8]
Others MacroH2A X-inactivation [3]
BMII Oncogenic transcriptional repressor [3]
PIPKIIP Phosphatidylinositol phosphate kinase regulating phosphoinositide signaling [45]
SETD2 Histone methyltransferase implicated as a tumor suppressor [46]
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AJ BESE HH T-SPOPHRAL F B N iF 2 K R ik 1) 1A,
Pt 7 AT F BRI RTIQUIIN 251 . S8k, B 51 Bitdes %o
Cdc20(cell division cycle 20 homolog)# fill 5] Apcin ]
i 24 11t 5 SPOPRAZAT OGB4, f b a] W, SPOPRAR
A LAE AT A e 67 ROR B — AN TS fa b, (AR
W B SPOPLE W [F) Y6 97 1T 41 Hiee o 1 2 244 1 o

T 51 i e vh k38t A% A J2 ETS(erythroblast
transformation-specific/external transcribed spacer) %
HHE, 5 EERGE [ /K L YA W42 2w 1
s A R T R AR 28 . — ELDUK, SFA 0 i ikl
ERG A 8 A A& W E B R Ja AT R 3 1. B9
#57~, SPOPEERGYE LN BE b A7 R IR R0, AT &
B, SPOP/FERGH 132 Ak S P ik, FF 14 2 ERG
W BISBCHEE A Ay 28 B Ui ASSSSu T F1lo Tl 41
Jige AH G SPOP R AZ AR AN B R 7l I 45 G ERGER H, 1
TMPRSS2-ERGFili & 5 R 7 #) (41 TMPRSS2-ERGA99
B TMPRSS2-ERGA39)[A] fik 2 SBCHE 14 th A fg
SPOPHR H R . IXLLHIEHER A, SPOPH] REFERH RS
AKFRIEERGHE H /K, 1ISPOPHAL 5 ERGHE [ H
HEF R E Rl R 2 T IhRe U R AT EL. (B2, &k
F 9022 B, 48K 22 B35 s SPOP IS [ 11T 51 Ji e 5 %
FEA P HIANFRIXERGHE A ; [R5 FHSPOPZE A2 RY Hif
A Fl e 1/ BRASE R A IR, i 27 e AH S SPOP IR AR A
PRSI AL 5 EERGHE A it &RE, KA K
LERGHEBE PR BY S 5 VO BREAR 1. [Rutk, w8 e
HHSPOPZR AL FIERGIUTE 2 8] ) Gk i 75 3k — 2P 3
iE.

SPOP##% PD-L1(programmed cell death protein-
ligand 1)f] 3% i5. PD-L1(— Fl % 5 & ()/E NPD-
1(programmed cell death protein 1)JECAA, A& —FfH ZL 1)
“Ho A B R [, RIAPD-LR (A B9 41 i T Lk
WETZH M A A% . SE1AIPD-1F1PD-L1 ) 5 2 7 1 7T L
16T 2 PR g RE S, (ER AT AR 22 A R85 )
1 [7]PD-1FIPD-L 1) 4 35 97 V25 V50 A i) BB, ZHANG
L B, B AR RUSPOPLE APD-LIIY ¥ # 5 (283-
290), /~FPD-L1IIZ Ak K B i, 1 1 51 i 96 AH 0%
SPOPRAZ(WNF102C) A R/t FPD-L1HI B fif . b 4b,
CDK4(cyclin-dependent kinase 4)if# i iR £ SPOP-S6
fi& 19 14-3-3y 5 SPOPI) 45 4, 1M114-3-3y 5 SPOP4: &
A LAk 4 SPOPZE 14 #Cdh1(CDC20 homolog 1)/ 5
(172 AR A 14 FCDK A0 Ffl(Palbociclib)
LPD- 1404 3L [R] &b B 22 o 928 240 i e b A AL 1 /) B

R R, 38 T FH AR K BELRS e 3t Je L W 8 9 vy
INER AR AR 2, X R I e A e )37 B8 [ PD-1F1PD-L1
TSI e B PR T — AR T B g . R
T — AN Re [ 2 1 1] R, A% 5 A I SPOP i) 15 44
05 5 5 FIPD-L145 &2 & SPOPH! #% Jf 45 & 3|
PD-L1 I, i& @&PD-LI A% I 4 SPOP 4%, ) slid it
HoAth 77 2

53 B2 1 22 SPOPYZ F AL I A K AR B8 1 PR A,
1M A2 25 A% I 41 ffg 52 A7, INF2(formin protein inverted
formin 2)BJ& TIXKHE H . INF2H] LA/ 2LE)E
1 (actin) 7 P9 5T I 5 2 R A4 58 1 A 54 IR i3 4R it
& #1 5<DRP1(dynamin-related protein 1)¥ /4 ff) FE 1%,
XA LR 7y L) DR BE D IR, SPOPIE I 11l I
255 INF2HR B i SBCAAA, A~ T INF2JE il #8472
FA, XA SAINF2 K AR & B AR, 102 Dk /D INF2
TE P9 5 R SE AL S 2R b A DR P R R =, B 24 BHLIT
LRI 3. Tk Rk AT B BRI AH SCSPOPRAE AN fig
I RINF2iZ AL, B0 N IEYESPOPH) T RE, AT
I 3 2R R A (1) 43 2, F 244 K 5 T 51 IR 40 i 1Y) AT A%
FZZE MR JIPY, X ARFK A SPOPH 73 —Fh TR, B
U FLAR A AN E A . X AR T e AR D R e
S 2 AR ML RN T 4RI VA TT SRS ) N — P A

SPOP/NMY 1] LA it 1 428 AH 50 2 [ (1 R ik K
S-BIE AL, 38 AT DAIE G 4 R DR 2H AR Sk A T A1)
IR R R R . TR, SPOPZ Y | DNA{
B, e dER R N AR e i 2L 2 — B9, FERT
H i T, SPOPHE IR R A% 6 51 /S % Fh G B (I DNA
5140 B2 K-, 4TRADS1(DNA repair protein RADS1
homolog)F&iA N, MMl FEEERHAFEE, 175 K
R R A R0, 2E B RTIR, SPOPE i i A/ 541
B P AR B e A B B 1 0 4T i S 37, 7 R B i F
AR e R A R AR 53 4b, SPOPH 1]
DAE Ik ¢ 5 25 ] 2 s e ke 300 1 i ) e 1 R AR R
Ji& . i HI B AR S SPOPEE A Thfig (MK &L LA R 5 3L
by 1) 245 ) Bk FH AT R ARy T 1 A1 e i — AN O
M.

4 SPOP5'SiEFRAMAESE

SPOPTE K £ HusiiE th & e R -7, {HAEH & W]
21 9% (clear cell renal cell carcinoma, ccRCC)H /212
JE A7, SPOPTE99%[HIccRCCHI i H iR R IALT, H
WA B 9 A RSPOPRAZ (4R IE . #EccRCCHH fitd 1,
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& 58E 77 AR 5075 [ 1 (hypoxia-inducible factors,
HIFs){i¢ #ESPOP = % 1% I 175 5 SPOPYE 41 il Jii + 5
RrFIFR &R, AT A 3409 Kl PTEN(phosphatase and
tensin homolog)fIDUSP7(dual specificity phosphatase
TR R fiE, (kR i R A2 R R fEccRCCH
JE U WERSPOPEE K S| SPOPEE FI3RiX, 14
AE 15 FeccRCCHI L A& A2 I8 1259, 327 SPOPFEccRCC
IR B R 55 o 35T SPOPTECcRCCH (i i3 i &
PERITERL, GUOSERiE— 30 JT A SPOP/N 7y 14l 51,
1Z 0 1 57 38 1oL T $LSPOP 5 J&& #PTEN (phosphatase
and tensin homolog)FIDUSP7 )45 4, 1 01 il i 983 A=
Ko FATRI, SPOP 37 8] 57 4H ffa % 14 (epi-
thelial-mesenchymal transition, EMT) 1% 7, SPOP
= %L i #03% B-catenin/TCF4(transcription factor 4)/
ZEBI1(zinc-finger E-box binding homeobox 1)4i {2 i3t
EMTAR G EE D 1R 5 5%, AT i 2 ccRCCI) {2 28 45 it
PR, (R, SPOPFRIA /K P B H R AL 5 JFUR L MR
R ZH ZURIEAT 5%, SPOPTE R & 2B K Je b AR FH R
A ULV 1T

5 SPOP5TEAEEMILARE

T B NEEY, &% KA SPOPEER KA, R
ARAN 5.7%~10.0% . F B P FEIE A D8 SPOPR
AAABES T ERo(estrogen receptor o) £ [ FEA# , 1M
¥y 4= AUSPOPI 2 5 W 38 3% 75 5 BUERaf# i, 1X
$27, SPOPFE7AZ 3 BUBER S P 3 10 15 K IRt T 1o
SPOPHE [K] . 5% A& M2 55 e F 52 10y 91 s A0 125 Y
iR g, SPOPAE XX Y i i rhv & A5 R A8 1) &6 1y 33 A
(7], AH AR Ay i S e R AR RS 58 AN AW, E R )
Jig g8 o, SPOPZE AR AR (W13 1GELF133L) AN fit 45 &
BET(bromodomain and extra-terminal)sg [ (3 % &
BRD4), FHBETH k& FK T BE R H, &
22 5| ) SPOPSE A MU 1iif 41| Ji Ji8 £ 3 X BET £ [ 411
P AR 2k . AEAE T 5 L Y, SPOPFRAZ 1A (4
ES0K. R121Q)45 & BET M (F Z/&BRD3)HI fig
bLBFAE U SPOPEE 5, 5 1 X BET & H Kz R LA
H, f&3 7 BET & H B, 155 N B 40 i X BET
AR A )R S UK, ax e g AR R, B[R]
— A B R G R AR AN R R A o 5
FHSCHI 20, AT SR YT RUR -

fEFLIRE S, SPOPIE I /5 PR(progesterone
receptor)s SRC3HIBRMSI(breast cancer metastasis

suppressor )55 25 [ A, 1101 7L P P 40 6 110 64 B 1
IR 0463, SRC3ER [ 42 ERai 1k (1) S B P 1 15
T, J HAE LM R s R IA . SPOP LARERR fb 1K A6 11
75 305 SRC3AHEAEH, (R MR M4 A
FHEUEE S, LR KA, K SPOP2 FL
e R4 DR 100 0 7L IR SPOPK: IR 28 R 1) 3%
GiPE 3 TR W, SPOPHE R #5 UK 1298 /1), $20R
15 7 g 1 L SPOP ) R i 2K 1) J5L K] ] BE A 2 K
A RAR, T S BT R 20 SPOPAT 55 I E 2R, M
1M BSPOP & [ 1k /K 1) T B o

6 SPOPSHL ARG T MR

SPOP ] LA B i« o S 45 B e i kK A=
R JE. SPOPTE B Ji £ 5 FE A 5215 R Y, Hedge-
hog /7 5 i % 32 2 1) 3% A 1 Gli2(glioma-associated
oncogene homolog family zinc finger protein 2) 7t
B 2 SPOPI R —. B bRk B
miR-543 7] LL i i 1) ] SPOPEE 14 {12 1F B i 4H il 1)
LR AR 28, 5 #hmiR-54318 7] DL S B e 41 i £
EMT Y, 72 J5UR P IHHE , SPOPHZRIA /K 35 T
i, fIRK-T-SPOPERIL 5 fHi 3 1A K i 5 D) AH
SKIN, - SPOPAI LAl JH-Jie 411 0 ¥ 36 i A A%, 1222
& T SPOP/I FSENP7(SUMO 1 /sentrin specific pep-
tidase 7)) F4 . SPOPTE20%~62% 1) 45 H [ Jie:
FKIE TR, fE45EH ¥+, Gli2. HDAC6(histone
deacetylase 6) 2 MMP2(matrix metalloproteinase 2) #f
#ESPOPHIALER 1, SPOPSI T EAI TR AF 1] 43 1) T 24
il Hedgehog {5 5 18 i I AN B 4 8 1 L e A Ml xt
8 o DA e SR T S50 8 557 470) e A
BN AR, R AL R GBI b, SPOP
AR A AT Jf R AR, {HSPOPHZRIE N 1 [ A 3
FSPOP) T Rk 2. SPOPFRIA N iff il fig 5 H R M
WAL PUERA 2%, 1L B i FHmiR-543 7] LU ISPOP
mRNA PRI, HIA AT REAH 5 8 B AL o

7 SPOPSEfthE 1 i
AE/INH B AT (non-small cell lung cancer, NSCLC)
e — KRBT m . 6 WA W R, B K
I, NSCLC41 £ 1, SPOP mRNAFIE [1 1A /K 15
B3N, FENSCLCH NAD - R 24 e 2. 15
SIRT2(silent information regulator 2) 1%, 1 SPOP/»
FSIRT2f¥I B fi#, AT HIHINSCLCHH M A K FNIE 5



K77 %55 SPOPE R & £ H (K4 A

1109

F—MTENSCLCH =514 H HISPOPA 5 AT 4 B fift
[ % 1 /£ FADD(Fas-associating protein with a novel
death domain)®., % 4k, 7ESPOPJA 5T ICpG & I
R AL LR, 1X 32 22 I C/EBPo-SPOPY
538 % 1A 4% 7Y, DNAH £ 4L 5 BSPOPH: 5k 7K ~F
2 N FR, £ NSCLCZH M, 34 miRNA (T
miR-520b){)_L i 5 ESPOP mRNAEfi# M i SPOP
B AR B ZE BRI, X SRt 5T 45 R 7R, SPOPZ
NSCLCHIVEAEIRIT bR o

28 Ji2 IO IR 2 AR R 2 R Gt R B L S
iR 2 — 3, 540 B IEH L ZUAH L, SPOPAE £
R B B REAS R0k R I, SPOPZRIA R fAEHN
SEIO R IR A T AR 2 i ot 98 A4 M 1 I 8 e AT

SPOP and prostate cancer (PCa)

Hedgehog 7 58 i ] [ e 2k 4 28 Ji Jo2 988 1) 2B K
J&, i Hedgehog 5 5 i i H i 32 22 1) 4% s K 1 Gli2/
Gli3 & SPOPI Y 2 —1, {H H #i A1 % SPOPTE
P28 T8 I 9B A R e R IR BRI o e D, R
VEHE— BB 5E

8 ZHIEFRE

SPOPZ — i Wz RiEHMmELEA,
SPOP#IL IR H 2 5 Z M & Z (40 L D g, 11 SPOPIE
A L H AR E Y2 5 R Y (E2). SPOP
FE 28K 22 B hE vh 2 00 DR 1, 170 78 ' 32 B 20 e
s s KT SPOPAE A0 2k RIIN w] 4 2%, 1E
T4 s A1 B P R A b 32 R AR D R S R

Daxx —| Apoptosis

@

— Senescence
Hedgehog

signaling pathway

---
7 (o{ra (arra

Cyclln
\ El
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SPOP and clear cell renal cell carcinoma (ccRCC)
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Fig.2 SPOP targets multiple substrates for proteasomal degradation or subcellular translocation to

regulate different cellular pathways and tumorigenesis
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RAR, AF AR i H 32 2 B T SPOPKE R 6kt 2K B8,
HmRNAY P& i S EiE AKFEE TR, T
SPOPZE [K #% DU i) ik /b A B (1 3R 3% (19 R B#, SPOP
(IR 2 1 TSRS [F) 2L 4 rp 5 B3R A T 95 B 0 ]
RE B N 5 2% (WSPOP AL 5| L iy 41) JitJess A1~ 25 P Jt
S RTBET & 1 0 ) 7] 1) 24 MR B SR A ) RSk AT
R 75 21 P L DR G R S R A A 7 3 ) R AR A SR
BE— 30 T fRSPOP J H 5848 A T 9 ikt K 28 S 11 4y
FHLH, HEF X SPOPJE 4 BA J SPOP AN [A] £ 5 A%
TR 5 ) 14 25400
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