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SCF (Skp1-Cullinl-F-box) complex is a kind of E3 ubiquitin ligase. F-box proteins, one of

the subunits that constitute the SCF complexes, mediate the substrate recognition specificity of SCF complex

in the ubiquitin-proteasome pathway. Many cell processes, such as cell proliferation, cell-cycle progression,

transcription and cell apoptosis, can be regulated by SCF complex through the degradation of specific substrates.

The dysregulation of the protein degradation mediated by F-box proteins has been recognized to be closely related

to tumorigenesis, so we can design the anticancer drugs targeting F-box proteins. In this review, we summarize

the structure characteristics of F-box proteins and try to elucidate the role of F-box proteins in tumorigenesis. This

review may provide a new theoretical basis on cilinical treatment of cancer and F-box protein-targeted drug design.
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Fig.1 A schematic illustration of ubiquitination process of a given protein (modified from reference [1])
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Fig.2 Subunits of SCF complexes

finger E3 ligase), Hi & (LM ZLa A 610, J53 Fi
2K %351 000F. SCF(Skpl-Cullinl-F-box) 14 &
T2 FE3IE B M MRING-finger % %, H144~ WAL 41
J, G —A B 48 (ICullinl . # SEE2M§ [ RING-
finger TRbx 1/2(RING-box protein 1/2). %EHZF-box
() 17 42 B ST O AH OC 22 1 1(S phase kinase
associated protein 1, SKP1)LL f&—/F-box 8t [1(12).
F-box i [ f (i SCFE AR I 4L 73, F 2N T
JEA B AR 5

F-box &6 1 38  H R BLT-19964F), I Haz 4514
BARE ORSY, fEMERE, 2o, Bibi, AARDL R 88

FELP) AN 5 A Bl 40 r 380 O LR AT 28 M F-box 5 1 18 1)
WAL, TR LIRS, F-box/E 41 i1 i 3]
VT R R AN T B (K, 3244 R IE SEF-box 2R
[ R A AR A REAH G o A SO BLAERIE 5 LR
JI A R F-box B 11 L2 FLAE e A A i R o (4 A
LRk,

1 F-boxZEHMIEMFIN L

24 ik, NRp B4 % € U IF-box Bt H 1A
691, AT AL T — B 1401 2 R 14 B I F-box
SERIIRA— AN R 45 S5 R . F-box 45 A4 808 Y
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—@ FBXW7

LA FBXWS
—FBXW —

—@ FBXL10

F-box family +FBXL —]
A FBXL3

@ Tumour suppressive roles

V' Emerging tumour-suppressor roles

- Context-dependent functions
@ Undetermined

—@ FBXL2..
—@ FBXOs5, FBX09

I FBXWI (B-TRCP1), FBXW11 (B-TRCP2)
—¢@) FBXW2..
—’ FBXL1 (SKP2)

“FBXO —— A\ FBXOI11, FBXOI1, FBXO10, FBX04, FBX018, FBX031
@ FBXO2..

‘ Oncogenic roles

@ Emerging oncogenic roles

E3 F-boxZERARKEMK A
Fig.3 The family members of F-box proteins

37 T4 FING, 55 SCFA & 4K I 161 4% 3 1 SKP1AH &5
s A 45 B S BOE H A7 T 5L A Cig, 91 3 F-box
A S O R 2 1 (K2). R YEF-box
JEE A &5 G a5 R 3 AN [, R K 23 O = AN IR
(K 3): (1)FBXW(F-box and WD repeat-containing
protein) WV 5% &%, 10, & WD40JE ¥ &5 & 45 M3k, 4710
AR, A FEFBXW [ X FRB-TRCP1(beta-transducin
repeat containing protein 1)]. FBXW7., FBXW-
11(XF% B-TRCP2) %% ; (2)FBXL(F-box and leucine-
rich repeat protein) V. X%, €L & & & 7o A TR B K It
J¥(leucine-rich repeats, LRR)JiC P &5 &5 45 M358, 17
224 f 0d, B FEFBXLI[ X FRSKP2(S-phase kinase-
associated protein 2)]. FBXL3. FBXL21%%; (3)
FBXO(F-box only protein) V. 5%, €& Hofh 3Ly, th
WiKelch repeatsal e & 7 fili 20 MR 2 7, 374 ik,
WFBXO1( X Freyclin F). FBXOS5. FBXO042%%, &
(NENCEZLS SV EEE ) &k o= LIS Y (AR

SCFHJ LA 1L F-box 8 1 45 & VF £ i K1 A
JEEA, AL HZ ZAR TR R AR, TR 5 22 b 4 2E R
F-box i 1 0 1 YU B4 ks 2 1 B A o 52 1 e 471
KRG A3 SR, XM LA I H 5 2R 1 R E
B, kgt WA, SR ERE 2k Ak,
B-TRCPAE A A FH IR, PR ) B v 5 1 DR 57 e
5 I D-pS-G-X-X-pSXAVRAE A LK), Hrh 4
22 IR R EEA W IR AL, T MY 52 A4 ol 1 B At
YeSE AR AEBIAL JFFBXO6 A R 545 A1, H

F-box 1 [t AT TR il R 2842 4 (1) o At vk o 77, dmile
A WFIE R, FBXOTR] LR ) R 28 3% ) 45 1 1)
110 kDa X /]y 1) 1 /0 44 55 [ (centrosomal protein of
110 kDa, CP110)PUF1 - fff B2 A% Bl % 17 38 Ji 14 7. Bk
M2(ribonucleoside-diphosphate reductase subunit M2,
RRM2)", JF1 G e AT A -

2 F-boxZERH7EMEFIIER
2.1 BhyEHNSI4E A

WS R I, — SEF-box &% [ 1] LAAE g o983 4101 1
T RAEThRE, LWUIFBXW 72— MF 5T LG A8 e 2 g i
JA T, BEAE X F-box 8 AN W 5, 6 e I —
LERTfE FAT MR 4 H (R F-box Bt 1, WIFBXWS,
FBXO11MFBXO1%:(l3).
2.1.1 FBXW7EAERF B HI4ER  FBXWT2—A
AIF IR LU A 2 1) e 8 40 ) 7, A Fbxw 7255 R AT
4q32 9 o fk b, AR st A o7 S U 3 sk vl LA
FKIE = MFBXW7H AW FBXW7a. FBXW7BHI
FBXW7y. FBXW70fE AR Lk |72 Kk, & H
T4 A%, FBXW7P A= BEERA T K F0 I I, & 47 T
ML, FBXW 7y 3 LA AL T O ERIE #VLh, E 2 T
A~ HTFBXWT7ofEARN 7340 7z, W U5
2 BIFBXW 7 I R4 (1) I S N2, B LA, FBXW 701
PN K FARFBX W7 I 7Y

K2 BAFBXW 71 8 1140 A 5 — AN B R e 3
F#(I/L-1/L/P-T/S-X-X-S/T/E), Fi >k Cdca il IR [ fiFt vk
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%€ T-(Cdc4 phospho-degron, CPD)®, FBXW7{ &Y
KBy & S 3 22 Pl M b R R 59 o BIFSE B,
BT DI I (3 25 e R 1 PR R A 4 e 41 )
1L RE, Wicyclin Ev Notch. c-Junflle-Myc. Mel 1.
mTOR%: . Ak, I SRR SE, fEARAA ST T, AR
155 3 A T-1a(hypoxia inducible factor-1c, HIF-1a)
W] DA A FBXW7JIE ) 8 [, #R7 S VERR A . HIF-
Lo — M B L L S R, R RAA Y 3 40 M PR AIG 208
%, TEAREAAT ol DABOE 2 P B A SRk, e il
0 o S A R R TR PR 5 (1 1L A e L Y HITF- 1ot
K52 2 H {5 B S A A R Y, 1 A
ZATTR, SR fif 28 95 74 AL BiE2 (oxy gen-dependent
prolyl hydroxylases 2, PHD2)f# {LHIF-1a4s [ % 1K
#81 PE B# fi# (oxygen-dependent degradation, ODD) % #4)
S A 402 M5 647 1 il =R e PEFR AR S N, fre i3k
T HIF-lold] yZ FE3 % # VHL(Von Hippel-Lindau
disease tumor suppressor)¥] &f &, Bk 5 Bk 4E
2R AR R, AR A 4 1F R, GSK3B(glycogen
synthase kinase-3 B)ff {LHIF-1a. ODDZE #4) 35 Y 551+
555, S8OfLRiH L2 R K LR AL A I, FBXW 74
e PE X e R A AL S, [RIHIF-1ok 2B AH BAE
H, TEARSE AR N A1 2B H 17 1/ S HIF-
laffvz A REAR . 72 N 0P 5L b it R IAFBXW7A
AT DA FEARHIF-1a ) 8 7K, 52 2 fid] 1 HIF-
Lo 3 19 1L Nz 2 K DA~ (vascular endothelial
growth factor, VEGF){5 5 18 % [ Wi, 1F— 22 4l
O SR 4 ) G AT A

AR, 752 B AR 2 TR U 2 FBX W7 I 5¢
AR, NISIE TR T 6% # AT FBXW 7548, i L
(K1 LA K AEAERA65 . RATORIRSOS st 117, ¢
T L 20 90K 0 1 05 (T-ALL)(30%) A1 JIH 5 40 it Jes
(35%) I SRAR A L v o O L, AR HA s AE,
TE N, B, B, 45 B AT A B
A ) Fhxw 718 SR AZ FI i 2K o X SUIF 4 A8 0 T
FBXW 7 it 4 2 e -
212 HACT RS MR ITHI1E A 49F-box kR X
BT ISR IR AT e LA iR 4 e A
F-box# [, FBXWS. FBXOI11FIFBXO1. #f 51 &
YL, FBXWS ] A # i 4 il 5 R D e, & ml Loxk—
SO B AT, wne] DL g B eyclin D1
i ) b e L ) 1S B, AR, A /DS BRUVR I 2T
YEAR I, cyclin DI B fif A HKISIFBX WS, 13 H]

PR B AT Al M O S5l R, JBE B R 2 Ak
J&E ¥ (insulin receptor substrate 1, IRS1)H [ 7K 1> 14
ZRIFBXWSI Y, 6 e 32 MR 5 35 AR K A
“F-1(insulin-like growth factor-1, IGF-1)52 /4 {55 5 il
FEH R OGN 4y, A B KRR T S s R
BEKCE I s2mm Ak, 52 2 [ 5 81 AR MR 2
fiff 57 % B, mTORC2(mammalian target of rapamycin
complex 2)n] DL i i 1T FBX WS £& a1 F1 7 4
J 52 A3 AT (2 HEIRS 12 22 AL B i o L AR TR AL 31
Sk, FE B #4548, mTORC2/ ‘FFBXWS8
Ser86[1 AR AL, ¥ N T FBXWS H & (ffa & 1, Jf A
XL AAE H [R5 T FBX WSS 2141 i it
mTORCIAFIRS1 S302. S632. S63547 11 (KR AL,
FBXWS8HF 57 1 TR 7l 4 i 12 16 IR S, & i TIRS1
2R AP X PR A AE S O FBX WS 2
B335 B MRG0 5 14, IRk, 4mTORC2 ) RE 1 2k
B I, FBXWSTG 4 A 45 X IRS 111 B At 4F H
mTORC2/} [FIFBXW8 & #4 X IRS 11 41 S 15t v, M
TP T L Y IGF A 5 38 6 1A s, 39 1 1B %
0 B 6T e 5 25 PRI 52, XoF 4 7 0 ) A AR
il A B AT FE IR AR PN AR AEAN ) 1) 40
B, FBXWSIH Tl B8 A 44 75 22 52 4% 1) I 15 WL,
XTEBXWSE Ji 967 41 il o 45 F 1) 23 1 WL Sl A 4R gk
— BT,

FBXO112FBXOW. 5 Jik ) — AN il o1, — L84
FORIL, BT REE A IR I E . e mT AR A
K I BCL-6(B-cell lymphoma 6 protein) & £ 72 % 1k,
T e HEBCL-6 1) B A 76 3R UM KB AN A bk EL 9%
(diffuse large B cell lymphoma, DLBCL)H, # f} ffi
BCL-6/1 ik, HEr#EFTiEsE, & %BCL-6 /&R IA )
J PR 20 Je e B 5 5 Bl I RIA DL R S AR A
R AL, T HAR B S BCL-67 %3k 19 B AR 2> 1ML
il — E AT € » DuanEUMIFSTUESE, EDLBCLA
Jfd 7, BCL-6 1] #FBXO 1145 7 P 1R 51 1M J5 4% B it o
FEDLBCLH, Fbxoll3 R F J&: it 2k 5 5EAR (1), 4
b R IAFBXO11I, FBXO11{{ #E T BCL-6[1 B fift M\
T T 40 M AR R T 40 B T

FBXO1{7 T~ H O A K0 40 i A%, & B 7 A%
F-box &5 Fy 3 #h it 41, & eyclingh /) 48, Hjcyclin AFIE
B 75 BA AR ARAL I e 7 i A R B8 v i
LR I AR AL FESHIAN R, GolYlik 20, e 40 j
JA IR N 73 2 TR 7 2R, SR T e AN 1 L A 4 i
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W, FBXOLIFEM A 112 3% 81 A& 12,
ERIBEMEALE] H ATE AT 2. G Fbxol (#1715 U
3 13T 44 40 e 00 290 i ] S0 0 £ 15 I ) gl 2, SR T
20 L DN DR R P R N T S 3007 6 I (1), 3K B R
B, FBXOI/EAH g J4 9] rb () E 2241 U B &
L AFBXO1ME 2412 2 B33 $2 i A 45 T e 1) YU ik
¥ 4 = 4~: CP110. NuSAPI(nucleolar and spindle-
associated protein 1)FIRRM2(ribonucleotide reductase
family member 2), FBXO1 1] DL i iof [ i CP 110 M 1fij
AV AR PR 2 A o BT 2 R S 1P, RRM2
W15 7 ANTPH ¥ 17, XTDNAF) & i fl 2 5 1R &
%2, FBXO Ll 1 % fift # CDK % 1% 1k IV RRM 25K 4k #f
ANTPIFEEZS); NuSAP L& — N4 i & 3 15 1 3
SiGE A, M OARREERN 73 B S AT 2253 Y AR
(20 23 R FE A, FBXO1 W] LUl i B fi#fNuSAP1
8 5E T8 B AL T i i AU AL, AN T A B T TR 1)
BT, R, FBXOLAE AT T RIS RAK, S
TG AT %, R WIFBXO1LE I 1 R I nl LA/
A A TEFR R

B b3k JLATF-box 8 1 B A JF R 410 45 FH b,
A7 — $EF-box d [ B AT A8 H A7 IR S04 T, 4
FBXL 3. FBXO04. FBXO10. FBXO18 \FBXO31%%,
X EATRRIETCIE AN, A5 dE— 0T Ak Lk
BEAHE MR AL AR
22 1RE=1ERA

NF-box i FI MDA E K, 5 LRI/ 2 AT

i 98 U0 4 FH FRF-box B 1 AN[R], & A7 LEF-box £
HRA AR R, it 9 2 1) B2 FIFBXL1AT ]
e B A 12 I UFBXL10. FBXO5%5(/&13).
22.1 FBXLIK#EMLEER  FBXLI(LFRSKP2)Z&
FBXLAV. 55 A — A b, A0 25 DA B S 1) 45 ey J
— AN TN iy ) B i &5 K4 18 (destruction domain,
D-box), 4EHFSKP2I B A E I — MZENAR 5
(nuclear localization signal, NLS); —/NF-box £ f23k;
—ACHTLRRIFA1, 757 AR -

WF5E R B, SKP2W] LA 45 ¥ 22 41 i J& 39130 4
THZ FACREAR, AT UEH L], SKP27 /N Ip27 45
HA T, I HAEVE 2 N Jbeg A G 140 g b,
SKP2f) 3 ik i Hjp2 71 435 B A %, Ut ISKP2
AT DA $53Z 2R B3 Wiy 1 )y BE (e 3k Jo R 410 ol 1~ p27
() B3 AP, p274E #SKP2R 73l I 5 B 1874 s 2 I 1K)
WAk, HeAb, p2717Z R ik 7 ZECKW 2 1 (cyclin-

dependent kinase subunit 1, CDKS1), ‘& il ik 5 SKP2
G4y TN T p27 5 SKP2 36 A1 17, 24CKS 1k 2%
i), SKP2Ejp2 74N fig 4 71221, BRp274b, SKP2¥ ik
YieAp21. p57. TOBI. fl&RastH 4 M1 &
[11(ras association domain family 1, RASSF1). Jlf{
DX 55 40 i 83 4 A 11 2(retinoblastoma-like 2, RBL2) Al
FOXO1%%, p21. p27HlpS7a] LA 4 A J& 39 308 72,
RBL2 1] EABH. 1141 i 7354, FOXO L& — Mg ik 4 i
T e sk A 7, SKP2 1] LLXFEATTEAT /7YY, Rl
TEVE 22 240 g R v 0 43 TR, AT X firh g
R A AT Y, AEBEE R D, FOXO1 75 24 Akt
EE IR AL 5 B A BE S FOX 0145517,
KR 2 W R W, SKP2AE A g i A7 B0
1, 15 i 98 90 11 B A p19*T 8k Ptendilt = ), Skp23i&
AT i 53k )~ Bl Ji 988 A A R AR 3 ) S AR AIR P, /s BT
HIR ok FRIASKP2 5 S ER AR A KEAR
FHT AU MR (0 R A . KRB AE D) A5 JE SR 6 1,
SKP2 1) H /KA 2 M vh S I s R IR,
TR R FLBE . Ars . RO
AL MRS . SKP21) F Ak K- 55 N s g 1 oK /)
FHOG; 1 FRIASKP2 ) LM . 18 Js Al R (A 2R A
HARMG, RPISKP27E N 2 FfaiE a5 4 4R
VIR PRI E -
222 HE 46T 6 B A AT & AF A H9F-boxE A
FBXO42[ X FXJFK(just one F-box and Kelch domain-
containing protein)]ZEN-uiij {3, &% —/NF-box 45 ) 4k, %
SEREE U — A Kelch 45 1448 (K elch-domain), JFK
A LLE SCEFR SR EAE o %8 B AR O IR
WLRRIA 2, AL L. BRI R,
TN RS h RIS BAR, 7 F 5477 kDao. 14K,
ARIEFTR I, JFK W] g 23 45 0 A9 B 178 s kB
R FEE P SunfEPUR I, pS31 CSNAH K I
[CSN(COPY signalsome)-associated kinase]#f fZ 1t i
A SCET ], i Kelch4h #4682 JFK MIp534H H.
1ER BT 2 75 1, SCE™ 1 T p531132 AL F H 1 Iy
IR IR . BfS, BIFTUCRIN, JFK&EpS3 i —
ANFEIED], Ui BHIFK I pS3 2 (A7 AE — AN St 1o,
LAk, WA HGE, SCF™ W] LA AR K] 1
4(inhibitor of growth 4, ING4)iZ Z AL I PR, ING4H]
DA Ay bR ) 70 40 SRS s . At g oy o
4. DNAES. A8 25 A 40 LT 4% o A 45 T,
T HE AT DL A 300G IR kB, a] DI 472 ZRE3iE
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P, B0 NF-xB IV HERel A(p65) 1 Hoiz 4k I %
fife NI T JANF-«BA5 5 18 %, WF 50 &I, SCF™ ] LA
{FING4A{EK65A . KII2AFIKI14A = /M7 kA2
FAb, 1 TINGABEAR, TG sENF-«BA5 5 18 i,
P HE T LM I8 1 A RN B AT s 4l i R 5 1E
5 A0 A BE S I R A K IIIFK . 3X S8 IR
M, JFKORT B4 1E 0y i i B (1 7 i & 2B b R 5 A
H.

FBXO51E 4 APC/C(anaphase-promoting complex,
APC)I — AN N PRI 7 R FEVE T 9w B I, A
JNFBXOSAE N g hiE b H AT i AF FH, Lo, fEp53
BV 1 40 B b, ik 2R GAFBXOS 5 5 25 41 i 1 i 5
FE IR i i Gt R 2 S R SE R Z R AN AR,
HHFBXOS 1] LLANEK #ipS 3 41 32 Jih 987 1) A AE 28, 5
b, FBXOS K121 7K1 ] i e Ry Atk R 1 DL R BT
AT, FAE A R v Rk KPR =, i, 78
AL (1) 5 S5 21 210 o] B R I B FBXOS i
1KV AAEAL A A, FBXOSH] LLE i £z
A2 g 15 PR I APC/CIVIZ 35 A0 IR 0 4 ol 41 1 J) 3
(IRERE, Helneyclin A cyclin Bk 43 25 il 410 1) 4 [
(securin); BCR-ABL{# A & 142 7 T FBXOS5[ £
S VE, 700 L A B 1 1995 40 1R G T 40 R B
IXSEYE R IE B, FBXOS i) LAt e 1) & A o

AN, B B 5E R B, FBXO9W 1] A H A5 L )
(P DyRE, I F5 TR E e A D fg .

2.3 FBXWIFIFBXWIZEEAE P A IERThaER
BMpRIREIE

FBXW I FIFBXW 115 A 44 o1 B-TRCP 1] % Fi 7]
RY), AN A IR JE R G, &5 0 1 B AEN-3fi A7
ERETA S EA TR A Y R Ak 1)
TR5F 17 51 (DpSGxxpS) 5 I P K HEAH AR H, v LAAR
AR T SR 24 7R 0 P B 1) AN TRD R4 AH 1)
YEFH o BRAE % 5E I B-TRCP1/2 1) JEE ) A AL AL T i
JEANE] ¥, WkB. FOXO03. p53, WaffmEr, W
B-catenin, It LLB-TRCP1/2 B[ 7] V5 Ay Jisgg #1011 o2 4
YEH, RIS 7R i (A ZLER B h ik v] LR AT (29 A
o BIAE %58 1 B-TRCP /25 4 id 40,35 41 i 4 19
W FEmil. Cde25A. WeelA. cyclin DIFIBTG,
W A AT S 1 e S DX 1 Sl LK — L6 40 R 3 1
#H Mcl-1. BimEL. PDCD4#f/1Pro-caspase-3% .

O WF 90k R, 76 ik B-TRCP1/2/ 1] LA
R 1 B e Kudo% ™k B, A B-TRCP17E /)

S PL AR L Rz 40 B v 0 R A R T 4N B A B g, i L
38%I10 /N B LB O S A 1 B/ R
T A b, B-TRCP2MIEFH S R IA ML HE T H2 ik
(R RE N, 22 W] T B-TRCP2 HLAT W 75 IS 4 FH
B2 Ab, A5 — L6 e A A o Az #1B-TRCP1/2
(R 2 3k, e 45 g i 40 2% Fp A% I )B-TRCP1AE
mRNAFH 7K 208, [ I 7 JBE R 9 70V Jifs 4
JiL 98 4 250 o A I B B-TRCP 1) 1o 3k 722 R A
iR 20 2R3 A RS I 3 1y 7K ST (I B-TRCP2, 4 41 s «
FLIR I A0 S . X EE R I B, B-TRCP1/211 i &
IEAE NI P A2 — AN L B, X LB E R R W,
B-TRCP1/2 - A (R J A F o

SR, E— 28 g o B R B T B-TRCP1/2[# 58
A%, Saitoh %5 PE B 95 b & I T B-TRCPIHIWD-404%
R I IR) 5E 2 (F462S), XA SEARHE 157 T B-catenin ) 2
SE P AN T A0 T R T AL A Wnt {5 5 BRI B T MR A
K B B IE RN T FANB-TRCPIEA (R4
NRAF(A99V. H342Y. H425Y. C206YFIG260E),
AFAE IR B S AR i 2 23 b, #A M) 31) B-catenin ) 1) 2%
ik, IXLSUEYE ] T B-TRCP1/2 1 IR I i

AR B F0E AN e 5 B-TRCP1/2 3 ik & 9 R
FLESE IR AT, ZHOROUT, e ReAE A i
FRFEAE H, ARAERE 2 1 40 i PR BT B 4 2 bt mT g
HAT PPIR A4 FH, DR B-TRCP 1278 87 Hh i 1
AR 2P0

3 F-boxZEH{EARTH R

0 F-box B 11 11 41 98 B 988 0 ) 10 7 T, T
A A V6T F0 SN B i P As T . Ll
W, 9 AR FISKP2, BLE O 20l i v il 2 0 e 5 R T
RTINSy R R R0 HISK P2 1) 72 RE3iE
PRIV, X Le /Ny Rl RS 3 40 R E TR B
21 M R I 1 Y S5, T8 TSR AR R
Fl/INAy 13 “skpins™, BHL1E T SKP24 3 [Ip271)
Biefige, AT 5 B5p2 7 K0 AR B8, A8 i 8 40 i %) 440 i ) 34
15 1EEGEGYMIHRY . IR 5T R B, i 4l i AE
fRRFBXWT i, X A2 A ABT-737 1) HE Bt fE ) 14
5T O3 BT LA HFBX W7 R LAY A 2 4 i i
YRR, AT ARG SEBXW 7% P A 5 334 T Je e
YT, Rk, CLEIS STl FE A, X F-box
GG IR 1) B0 290 v, A R A e e
I RV TT B — K5k



1186

12

14

17

Sk (References)

Nakayama K INakayama K. Ubiquitin ligases: Cell-cycle control
and cancer. Nat Rev Cancer 2006; 6(5): 369-81.

Bai C, Sen P, Hofmann K, Ma L, Goebl M, Harper J W, et al.
SKP1 connects cell cycle regulators to the ubiquitin proteolysis
machinery through a novel motif, the F-box. Cell 1996; 86(2):
263-74.

Frescas D, Pagano M. Deregulated proteolysis by the F-box
proteins SKP2 and B-TrCP: Tipping the scales of cancer. Nat Rev
Cancer 2008; 8(6): 438-49.

Yoshida Y, Tokunaga F, Chiba T, Iwai K, Tanaka KTai T. Fbs2 is
a new member of the E3 ubiquitin ligase family that recognizes
sugar chains. J Biol Chem 2003; 278(44): 43877-84.
D’Angiolella V, Donato V, Vijayakumar S, Saraf A, Florens
L, Washburn MP, et al. SCFCyclin F controls centrosome
homeostasis and mitotic fidelity through CP110 degradation.
Nature 2010; 466(7302): 138-42.

D’Angiolella V, Donato V, Forrester FM, Jeong YT, Pellacani C,
Kudo Y, et al. Cyclin F-mediated degradation of ribonucleotide
reductase M2 controls genome integrity and DNA repair. Cell
2012; 149(5): 1023-34.

Grim JE, Knoblaugh SE, Guthrie KA, Hagar A, Swanger J,
Hespelt J, et al. Fow7 and p53 cooperatively suppress advanced
and chromosomally unstable intestinal cancer. Mol Cell Biol
2012; 32(11): 2160-7.

Welcker M, Clurman BE. FBW?7 ubiquitin ligase: A tumour
suppressor at the crossroads of cell division, growth and
differentiation. Nat Rev Cancer 2008; 8(2): 83-93.

Cassavaugh JM, Hale SA, Wellman TL, Howe AK, Wong
CLounsbury KM. Negative regulation of HIF-1a by an FBW7-
mediated degradation pathway during hypoxia. J Cell Biochem
2011; 112(12): 3882-90.

Crusio KM, King B, Reavie LB, Aifantis I. The ubiquitous nature
of cancer: the role of the SCFFbw7 complex in development and
transformation. Oncogene 2010; 29(35): 4865-73.

Okabe H, Lee SH, Phuchareon J, Albertson DG, McCormick
F, Tetsu O. A critical role for FBXW8 and MAPK in cyclin D1
degradation and cancer cell proliferation. PLoS One 2006; 1(1):
el28.

Kanie T, Onoyama I, Matsumoto A, Yamada M, Nakatsumi
H, Tateishi Y, et al. Genetic reevaluation of the role of F-box
proteins in cyclin D1 degradation. Mol Cell Biol 2011; 32(3):
590-605.

Kim SJ, DeStefano MA, Oh W J, Wu C, Vega-Cotto NM, Finlan
M, et al. mTOR complex 2 regulates proper turnover of insulin
receptor substrate-1 via the ubiquitin ligase subunit Fbw8. Mol
Cell 2012; 48(6): 875-87.

Duan S, Cermak L, Pagan JK, Rossi M, Martinengo C, di
Celle PF, et al. FBXO11 targets BCL6 for degradation and is
inactivated in diffuse large B-cell lymphomas. Nature 2012;
481(7379): 90-3.

Fung TK, Siu WY, Yam CH, Lau A, Poon RY. Cyclin F is
degraded during G,-M by mechanisms fundamentally different
from other cyclins. J Biol Chem 2002; 277(38): 35140-9.
Tetzlaff MT, Bai C, Finegold M, Wilson J, Harper JW, Mahon K
A, et al. Cyclin F disruption compromises placental development
and affects normal cell cycle execution. Mol Cell Biol 2004;
24(6): 2487-98.

Emanuele MJ, Elia AE, Xu Q, Thoma CR, Izhar L, Leng Y, et al.

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Global identification of modular cullin-RING ligase substrates.
Cell 20115 147(2): 459-74.

Fu J, Qiu H, Cai M, Pan Y, Cao Y, Liu L, ef al. Low cyclin F
expression in hepatocellular carcinoma associates with poor
differentiation and unfavorable prognosis. Cancer Sci 2013;
104(4): 508-15.

Suzuki S, Fukasawa H, Misaki T, Togawa A, Ohashi N, Kitagawa
K, et al. The amelioration of renal damage in Skp2-deficient mice
canceled by p27 Kipl deficiency in Skp2” p27”" mice. PLoS
One 2012; 7(4): €36249.

Spruck C, Strohmaier H, Watson M, Smith A P, Ryan A, Krek
W, et al. A CDK-independent function of mammalian Cks1:
Targeting of SCFSkp2 to the CDK inhibitor p27Kipl. Mol Cell
2001; 7(3): 639-50.

Ganoth D, Bornstein G, Ko TK, Larsen B, Tyers M, Pagano
M, et al. The cell-cycle regulatory protein Cksl is required for
SCFSkp2-mediated ubiquitinylation of p27. Nat Cell Biol 2001;
3(3): 321-4.

Huang H, Regan KM, Wang F, Wang D, Smith DI, van Deursen
IM, et al. Skp2 inhibits FOXO1 in tumor suppression through
ubiquitin-mediated degradation. Proc Natl Acad Sci USA 2005;
102(5): 1649-54.

Wang H, Cui J, Bauzon F, Zhu L. A comparison between Skp2
and FOXO1 for their cytoplasmic localization by Aktl. Cell
Cycle 2010; 9(5): 1021-2.

Lin HK, Chen Z, Wang G, Nardella C, Lee SW, Chan CH, et al.
Skp2 targeting suppresses tumorigenesis by Arf-p53-independent
cellular senescence. Nature 2010; 464(7287): 374-9.

Sun L, Shi L, Li W, Yu W, Liang J, Zhang H, et al. JFK, a Kelch
domain-containing F-box protein, links the SCF complex to p53
regulation. Proc Natl Acad Sci USA 2009; 106(25): 10195-200.
Sun L, Shi L, Wang F, Huangyang P, Si W, Yang J, ef al.
Substrate phosphorylation and feedback regulation in JFK-
promoted p53 destabilization. J Biol Chem 2011; 286(6): 4226-
3s.

Yan R, He L, Li Z, Han X, Liang J, Si W, et al. SCF JFK is
a bona fide E3 ligase for ING4 and a potent promoter of the
angiogenesis and metastasis of breast cancer. Genes Dev 2015;
29(6): 672-85.

Lehman NL, Verschuren EW, Hsu JY, Cherry AM, Jackson PK.
Overexpression of the anaphase promoting complex/cyclosome
inhibitor Emil leads to tetraploidy and genomic instability of
p53-deficient cells. Cell Cycle 2006; 5(14): 1569-73.

Bhatia N, Demmer TA, Sharma AK, Elcheva I, Spiegelman VS.
Role of B-TRCP ubiquitin ligase receptor in UVB mediated
responses in skin. Arch Biochem Biophys 2011; 508(2): 178-84.
Kim CJ, Song JH, Cho YG, Kim YS, Kim SY, Nam SW, ef al.
Somatic mutations of the B-TrCP gene in gastric cancer. Apmis
2007; 115(2): 127-33.

Chen Q, Xie W, Kuhn D J, Voorhees P M, Lopez-Girona A,
Mendy D, et al. Targeting the p27 E3 ligase SCFSkp2 results
in p27-and Skp2-mediated cell-cycle arrest and activation of
autophagy. Blood 2008; 111(9): 4690-9.

Wu L, Grigoryan AV, Li Y, Hao B, Pagano MCardozo TJ.
Specific small molecule inhibitors of Skp2-mediated p27
degradation. Chem Biol 2012; 19(12): 1515-24.

Inuzuka H, Shaik S, Onoyama I, Gao D, Tseng A, Maser R S, et
al. SCFFBW7 regulates cellular apoptosis by targeting MCL1 for
ubiquitylation and destruction. Nature 2011; 471(7336): 104-9.



