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The Role of Protein SUMOylation in Cancer
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Abstract  As an important protein post-translation modification, SUMOylation regulates stability, subcellu-
lar localization and activity of its substrates during numerous cellular biological processes, including cell cycle pro-
gression, cell metabolism, gene transcription, and DNA damage & repair. SUMOylation is a dynamic and reversible
process, with de-SUMOylation mediated by SENPs (SUMO-specific proteases). The regulation of SUMOylation
in cancer is complicated, owing to the varieties and multiple functions of its substrates. On global level as well as

on individual protein level, SUMOylation regulates cell cycle progression, genome instability and cellular metabo-
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lism in tumor cells, and antitumor activity in immune cells, which thereby is greatly involved in tumoreigenesis and

tumor progression. By removing SUMOs from specific substrates, SENPs chiefly decides the SUMOylation level

of its targets. In this review, based on the studies of our lab for years, the biological roles of SENP1 and SENP3 in

cancer will be introduced as well.
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Yellow oval represents transcription factors and green oval represents enzymes regulating phosphorylation and red oval represents ubiquitylation related

proteins. This figure summarizes some of the most important cell cycle regulators, many of which have been described to be SUMOylated and are high-

lighted in red font.

Ell SUMOLIZIRIVER LM F T ER (N SE LR [26] 1221 M)
Fig.1 Conjugation of important cell cycle regulators with SUMO (small ubiquitin-like modifier) (adapted from reference [26])
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3.2 SUMOH{&iHSDNA 5 REF BN TR E M

SUMOK A& i fEDNATR 15 A & e B o R 4%
HE R DI RERY, SUMOME S @k 1 7+ 5 & T2
FE R ZH AN R 3 B FE — e AR AT P Y PR
DNA A K R AL, B RE 6 3& IRDN A 17 (1L
SR R ARG R L B R A . DNA K il 85 1R 5%,
Yo FEUE R A BRI . N T IR PR
SE AT R A R, A2 BB B A 2B B L
il ——DNA# 17 1& 2 (DNA damage response, DDR)
kx5 475 ) DNABEAT IR AIE R . & H i SUMO
e 5 DNATR B E IALH], i 5 AR Y] bR
&5 (base excision repair, BER)) L FE H # IR N
FEH B3, SUMO Lt e of il i e -DNAWE S AL g
(thymine-DNA glycosylase, TDG) &1 , AL
BREE (R 7K S R B2, R B SUMOAL i1 5 DNA
XU Wi %4 (DNA double-strand break, DSB)f& 5 5%
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G2 [BURAEA G EH B, A4 SUMOAL
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12 (AR 2 ARG AL G CUBE B (hexokinase, HK).
3- Tl R H vl 8% I &0 (glyceraldehyde-3-phosphate
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kinase, PK)%5 /& SUMO MM (3 7EFE A5, - H 30

SUMO i e (2 #F 1 i Je8 24t o 75 Bk S0 RT3 RS
N RRE B A R BT {H A R0 A B A E TR
S, PKM2 A HK 2 [ 3 P4 75 Jif 98 41 i 7 52 21 SUMO
AB 2 B33, PRM2 2 P R R BB ) S AL AR, T
1 L5 4 R v Rk AR TR A 0 A v 1l R 0 1
2T ) T 2t T 2 R PR B 7R . PKIMI2 ) K270 1T 4%
SUMO11&, 2 & H MDY SRR — Ak, A%
JE i 5 RUNX _E [ SIM(SUMO-interacting motif)
ghfy, SEAERUNXI, % A M5 40 B ) 2 A i R B8
HIK 2 A2 7k P i fo L B2 P DG B 2 — , TR g 4
[T SN T A A I B A 7 . K3 1SR K492/ 52 HK2
) SUMOAL B M7 1, SUMOAE I S [ () HK 2 5 2%
FIRGE A RE S, SRR SRR AE 11
BRI AN FLER AR A 2, 23 A A B
A ) A, BT IT 2505 S R A0 R E T,

FAh, 0 TAREHS FE A B S
TR S R K T 40 PPARY. KLF5. PGC-1o4%,
P12 SUMOAAE i 1) I, SUMOAK B /& 75 i
TR E AT i SR TE T R 4 B AR R 2R ke
TETE, S5 MR R AR, SR E AR [ ]
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1o A1 SENP1-SIRT3 i 75 2k b AR A= s AN Th g 1 72 vh
P AR, 0T R AR A 7 i eg 48 it v 1)
Dheewtot, A BB R B,
3.4 SUMOIgimSinEeE

5 SUMOAK & thid ik Xt G 2 20 i Th e () 1
SRS R AR, R — AN I AL, SUMO
WABAE S R o h A B IEE . DA NF-«Bid
], SUMOAAE T RERE 71 2™ 2 IR 47 NF-«xBid %
TEME U LE BRI A, SUMO2/3ME T RENS fil & A%
SZARNRAATIZ ZAGREMR, 5T B W20 MR Al 8 M IR 7
A EREAH R AE T A TR HI S, JATB A IR,
KA1 KLF4 1 SUMOAK RE i€ 2 1 24 i m) M2 7Y
PAL ) J: SUMOAK ZR [ il SENP 1 it %o 28 11T R
WERREE PTP1BI 2: SUMOAKL, i B4 g Al fb ik F v
STAT 1-STAT3 ) iE A HiT A T AR

SUMOAKAEMXT T TregZH a5 (I 4E R A9 3%
ANTTiERb  UBCOHR K [ Treg i Al X6t TCRAE 5 45 Wi i
R, HAEBE Treg 2l MBGE MG A DR 291 B I
BT R B, SENPTRENS I M A Ak N, X CD8'T
41 R 1R AR AR S AP R VE AT R 4, ARk
T o SENP72: SUMOA &1 1) OB SIS ) & PTEN R
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1520, AR 2 Bl I STt R B, SIRT3 K223
(1) SUMOAL BE % 1 42 CD8 T2 Jifd F 471 ik I8 4928 Ty
fE, T SENP1A] LA #2 SIRT3 ) 2: SUMOML P, 56T
SENP1 /1 SENP37E LR s v HIVE A, K48 T 3L
TGN 4H.

4 SUMO%FH M EBEE(SENPs) S E
4.1 SENP15ME

SENP1 2 25— /Mt %52 1) SUMOKT 7 1 25 11 il
FIRRLA , FEEAAEZN, K =R E A%
SUMOA.. Senpl” /NG H BUIEFGELIE , BUFEM R
72 HH T SENP1HLUK Ji5 548175 S K 7 HIF- 1oz 1L
BEARINIE , S EEPOS BB A AR AR 710, #E7R T 2%
SUMOAE T 42 SRS (5 5345 B DGR FH B4
BATHIWT T3 — 2 KB, SENP1JE HIF-1aff) T 740
F A, HIF1a-SENP 13 B4 75 P B2 40 i Hp i i 1 %
VEGFRIA(E 3 M A i, #7xSENP1T] it {2 i
I A AR HE bR a3k 8 51, SENP L% i 8 2E il 5
IR 0% R, AEAF 33— BIR AR

S @ D RE TR (1 SR M, I SENP 17 /i
P Z % 4& (androgen receptor, AR){E 518 H Y, T
ARTE S1E A i R AE R S R B EAE T, FRATTFEL
SR SENPIERT M K AR e rh R BEAE - R TT T &
FIWEFE. 1ERT 5 B 40 Mk LNCaP H R I IE R g
i 3455 SENP 1R, I HX i S48 5 A F 44t
TR R 2K i — BRI SENP L AR HEIE A,
SR IEE 45 & ARTE AR BL R B 54, 5 SENPI
Ja 3 R HER R 52 AR SOV T (AR response ele-
ment, AREYFESFVESS & 5, 5 FSENPIFRIAE R
Jige AR BT SIS 100451 N\ HIE A7 B b A RS
R I SENP11E i 41 g 41 23 b i R 1A B8, H] SENPI
FEFLIR /N AR AR S, SENPI) LRI AT g3k 3 A
W /N BRI AT B BR L 7 40 i 3 B, 4 S N BRI
AT Z IR Rz PN R R 4 A B R 2 ST, LR BT AR
P, SENP 13 i {12 3k HIF- 1o 5 0 1155 A R R4 33E
A A, FE AT SRR D R IR AR A B
YERI Y, SENPI1 iy 32 (1 51 e i 2 il f5 3 22
SENP 1 B8 i 3t 5 41 i (9 2B K ANz b B 7 85 fi2
BB R HIHLE 5 HIF-104) 5 ) MMP2 A MMP9 %
1K KT g A R0

AR TR T TR I, B8 R 4 SENPL
Bk 2 S HCD45E [ 11 SUMOAL &1 SR, Fedi 153k

— 0 R IAE MDSC(myeloid-derived suppressor cells)
(MDSC2 il 22 KR I 20 )y, CD45 2 %% 5% A
¥ STAT3 (5 A PERE IR Mg , CD45 1) SUMOAL 21411
il 7 STAT3 ) W IRAK, BET 21 IR I & 2B, $oR
T SENPUZEHUMIRE g% h B AR 10, JAT T
FAH KL, SENP1-SIRT3 47544 A % CD8 T4H
IO 8470 Je 89 2 3 PR R AT YA 45 3, B e e ook
FE AR SENP 15 Jge 1 4 f) — A~ 55 2 5[]
4.2 SENP35AhiE

SENP3ERL TH%A=, & —Fh e Jik 52 S 4k R
(1) 1 2. SENP3 L IE S AE 2 M e 2 23 b vy
Fik, fER LA AT, SENP3RERS XS F-4))
FL4H B 1955 25 (1 (promyelocytic leukemia protein,
PML)#E4T 2: SUMO2/31&1Mf, {21t 40 M i) sG55, 7£
S0 98 (head and neck cancer, HNC)H, M5 5
#x FEUPTE VLS (reactive oxygen species, ROS)IH £
W5 1% T SENP3{I4K1A , SENP3I@E I X STAT3 /) %
SUMO2/31&1, $2 = STAT3 BRI A& 17K F, A
I HLSTAT3 (5 5 (2 HEHNCHIZE ™.

AR 7R I, SENPTELN A 24 43 445t
Tt 52 B 4 e o AR e M R B R AL A1 4% , CDKILAN
PP 1oy 2 HRs e I R R g ARG . SENP3
(B R A L SUMOATE M, I S (s AR G B
ISUMOMAR 7KV, 5 220 Z4d R ik Gl ok e
BRI B, AERFEEDRIZH RS E M e 72 K e 40
FRHCT1167", DNAS 75350 G MBIBHI I, pS38
Fr 3 ) SENP3RERR AL 32401, 2 EUH 25 SUMOABES
ST, HAE RS 5 PRI Cdh T SUMOAE K
SRR, L T R UFPIkI-Chk 155, 241K 4 G/M
HARE A ) 3 EEHLROS PR, JE T SENP3 F iR 1b 1&
TRE 40 B R R AR B E AR, F-484% SENP3
WL _EYE TE EARE e B R A B AL L, JOF
VR RERR A W R A AU AL R 7 40 M 23 R0 g A K
MEEAEH , ¥ & SENP35 R i 58 KA nl A I 7
Il 6

TSR A W AT & I, SENP3Z: 5 1 45 G 28 41 L f)
LI RE, 2 11 52 e Jirb Je A e 1R 3 R0, I 4 i v
SENP3 [ fift 2, A€ 3 FL s G 555 o fih I8 AH 5 Bk
41 i (tumor-associated macrophage, TAM)[H] #1 4¢ 14
IM2 Y g 4 AR AL, 2 i 2L s 1 gk R, AT
5 SENP3 Gk 5% Ji 1 4 1l A AKT1SUMOAL 2 i
MR A S0, B 52 IR 41 Bl (dendritic cells, DCs)H i
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FRSENP34= 3 2tDC4H Ml P STING F 4 #6118 T+t
TG 5 I R NPT G I SIS R R
IAEEH, SENP3REMS & SZDCAN M KI5 1) A AL L,
STTF1204 5 (3T 22 SUMOAL &1, WL STINGAS 5
EESS RPN SRR T SENP3LESLIMIE 7
95 ) E AR ), OX B2 R R JCSENP3 5 R )
HERF T

5 RESRE

A i SUMOAAE 1 1 4% i 98 (1) 52 2% 2 Ak, —
SEAE T 2B VPR A DB ) 2 FEVERISE IR, T
YR DhRe IR KARFE B koE 7 HSUMOML 12 5
R 2 A o iR AR 2 R R AT R AR
SUMOA./ £ SUMOAKE I EGSE, iUBCY9. SUMO
E33% g AISENPs S, 1 i 3k A2 B & RIA S
PRS2 2R 2 (5 5 1, X B 7R E IR B
ISUMOAME I 5 8 (1) 0% Rl ok — 2 I A . 7
A JEIBE T, B T 4k S FHRAE MR b e h R i
B ¥ 4E F FISUMOAK B 1 B (1 4b, FRATTIE 75 B4R
FRAE N B 1) R RO iR R R I RE e B B, R
i SUMOL/2: SUMOAK A 11 1) i 2 1 4k &, H Rk
R P B e i 5 TR (R BK &R, AAH B PN B2 A SUMO
A MR 7K (1) 23R SR A R 3 5 JioRg IR K &R, I
TR i R X b R ARG M I B EES, X
L AR K BB T — AN E BT ]
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