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F A BREIEF1EH SUMOYylation 72 IfE I IAE
R ThEE{ER"

RBB AR ABFD RAMD K AR
(0 BUIBETAEBE SR, B 6500315 2 mRIAFESR, BV 650091)

E HEIME IR AP IR s R — KB, VAT R EFN A, HIE AR R T2 AR Ik, B Bk
BEZ TS R, AR IR i B 1 —Fur i Ssk—— R 845 (tumor microenvironment, TME), f54 41 ifg
Jii R 2 e BE BT A L 1) Sh S A AR PR EE . TME S5 T 00 3 G AR =2 8] (9 DG B RS HLIX I, TME P ) 240 AH B 52 0 -5
AR EAE I LA i A B (=228 . IR A IR RS, AR PRI NY — DB i 1] . 7E TME B4, s iy
BPEE &1 (post-translational modification, PTMs) #FiERH7E TME A EEZM/EM . PTMs T EH RN . 5=
[i) 7 57 A ELAE PR P FL T RE . AF PTMSs Hofy — Rl 3 0 B R J5 B i Pk SUMOylation, J& i it /MZ REEEMIY) (small
ubiquitin-like modifier, SUMO) # ] f8i 2 7R SLAE i i) B IS 80, R AN 5 A rh 5ol 77 26 1 IR 45 AL . SUMOylation ™
22530 . DNABUG N . At 5 . R AMT, £ TME h R #HZ ERENEN . KRR EE B EARM
SUMOylation A& %] ZFh e UM iz, ARSI TME R #E091E

KEER M, MEREOAEE, EABEIFS &M, SUMOylation

FESES Q71

i 3R 5% (tumor microenvironment, TME)
G E R AN . A . AnffAP LT RET4E
AN, B BETEE RS G MR S o A S — SR
ANZEAL . e N A, AR R A A i
FE RGN IR AL DR G SCBEVERT, 2
GREANRE, B MEANAE . VT PE T M (Treg 41
M), HEEhMET AN 17 (Th174008) %, XLeqifii
I 22 5 RIS Fh e SO NG 2l . B H i
TME #4717 T Z BEsE, RENTWVF 255 %E, B
164 T AR R B — M O &4 0 i 52 i TME 897
iR 1 7 o /MZ R Y) (small ubiquitin-
like modifier, SUMO) J&—41iz R /N E H i,
BLAR W B E E TR E A b, FR
5y SUMOylation ', SUMOylation &5 4i its 55
R AR F LI Z —, B—Frr &R e
BT ® O 5 & i R &k 2, SUMOylation Fl
deSUMOylation "1 A ¥ 22 JCHE Y A+ G E2 45 45 T
(ubiquitin-conjugating enzyme 9, UBC9) . SUMO
Yr Sk 1 (sentrin-specific proteases, SENPs)
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25 50% B A Al —k, T e A AR Ak ek X
433 SUMO2 Fll SUMO3 7E 2K 1 JF A N i HAT 34N,
ERRANE, P EAT#PR S SUMO02/3 ', SUMO
Ak & 7E Y SUMO 34 WKXE 325 | (P&
INEK B AR, K2R, x 2B E 5K, E
ERRAR), WA R YAE AR 7 i 5 = R
4b %% SUMOylation ', SUMO1 1 SUMO2/3 & iffi
AR BN R, A A S 1 5 ] DA P A
P&

AN, FEIEESMET, K SUMOL 5488
454, I B AR 1 SUMO2/3 Af T 16 1 1 4
ERBE . DA, BB s, 23k
SUMO2/3 &Mk I FEA A g AR 2, X AT e o
IR B A T R AR E R S AR
IER . TR, #H i SUMOylation 15
HENMME R, WIRRAREN: . . BE
EARBRENEY . KRB IFEH N A
SUMOylation fil deSUMOylation (SUMO % %% &,
2 F SENPsZ IR (i AL KL IR 2 11 A SUMO
TRt AR, DR 6 45 Fh sl 3 7€ TME H T & 44
EZAVEN, B & B—F 02 m TME ik 213G
Y7 IR R BT R T T %o

1 SUMOZFEMRZRS

1.1 SUMOylationi# 2%

SUMOylation 3= %38 1:f — £ 51 i 1 3 [R5 FH
SERL, AL4E SUMO & 1L (E1) . SUMO %5 & [if
(E2) FISUMO ##:#§ (E3) ", HFrA M SUMO
EHEAWENE; 7% 2 SENPs #H17 85 1 i
IKAEYIE], URGEH Cm T HEMmELE, didizht
FEEATRT LA BEEAEALH A A AR . SUMO
W i SUMO R SPEBF EL . E2. E3 AL AY S ik
HWEATHBAmREELS S, 45, &
SUMOylation i 12 H1 4 % & i — Fi E1 1 1k il
(SAE1/2) F1UBCY9. UBCY & 7r {& 4 ¥ SUMO
HselEAgS . RN, B3SRBS
PR T TP RN AR R . SUMOylation 2581+
R, AT LIE R FP 2SR S i 9 2
SUMO2 F1 SUMO3 #i — A~ N &b &2, 1l A7t
24 SUMO Z Ay 45, 1 SUMOT A3 ik Whfig. A
I, B LEREEZ RS, SUMOYylation j&—Fim]
W FL AR BB, SUMO & M il #1 1)
SUMO #8437 58 UL T g e ML AR 1 B O H 4l
2 J5 0] DLHE BT E A SUMOylation 36 (1), &

%6, SENPsYJ#| SUMO % 55 HoR i GG J¥ 41, Bz
[ SUMO 5 5% IR E1 254, 306 ATP 4 i) il
(FH SAE1 MISAE2H %) . #RJG, il RACHe s,
SUMO # 5% # 2| E2 2545 i UBCY I, FifiJ5 1% 45
HAREE H e B IR e- 2 1 ™ B3 4%
#& SUMOylation [ FE S FIRCR T AT 1 o 06 1
STAT (PIAS) & F#IHIFI N Z SUMO E3 i #2 i
)RR, NI F L H 414 PIAS 3 A
(PIASI~4) 2V, A% 7 Fp & (1 =4, PIASI,
PIAS2a (PIASxo) . PIAS2b (PIASxB) . PIAS3.
PIAS3L. PIAS4 (PIASy) FIPIASYE6 ', HAthf
J5 1) SUMO E3 & B2l 60 15 7853 FRAE MY Ran 45 &
12 (RanBP2), LA K /DA B3 & #5640
ZNF451 2 ZHiE 1 PC2 (AN CBX4) fil=
BKHEY (TRIM) HR A FRIR—2E 51 2
SUMO i i 5 8 11 5 rh i 2 R R S 45
RIETEARYIRE, — B SEAFRENES, e
SRR H AL AN R R 2 B A R T RE . SR
i PP B BRI A 1 SUMO T SUMO AH B AE
LY (SIM) Z B AH EAE R, BIAH B4
FHEE AP i) —/ N s K Z LR b X s 27, g
YHE STM [ 2 B A% 0> 3~4 > 74 22 1 I K & FE iR 21
B, HIPSNAA R wyw . yxyy 3 yxxy (G y X
LR . R A RS E R, x WREAER . 4
AR . LB FREINER) . SIMs BT K AZ O3 1%
i T R (M RAE RS & R) il
Bl , kb4 KR 5 SUMO 1 A4 TE IS A HEA 75 e,
MHEAER, 807 X SUMO By 3£ Sy 2, b4k,
— 16 STMs #{ # & Phospho-SIMs, 7E i /K 4% .0 B
A BERRAAT o BRI ALIE A G SIM (1) B Ha o 5
M) SUMO M 25 & 25T, & — W 78 1 IR 45
P 2 ERLS )5, SUMOylation 25 T 4F 4]
ALY TR RS I, R AR A ALy
AT T R R RRR G RN, SRR
sk AL SB[ Y, XSS AR
i Easn—A/N ik 2L, 1 SUMOylation S22
—BAEAMEETE S — R E, XN
FEE AT UAE R —1F 6, il SUMO-SIM #H A
YE R 224 Fl SUMO M EAEFHE 1. SUMO %Kik
FEHCLUH R —HKE, ST XS EE
FH, XATREPLE T SUMO [A) b SR A il s Sk B0
XA SIM AH BRI A9 M4 TG 5E 2 SUMO 5 HiAth vz
RXWEN (zF) AREFRZ —, 8R4
SUMO-SIM A B.AE A X 8855, (Hefi1n] PIEEAR
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i S aa S = N 5 R 7 Tl et s e = D AN R
P ENAREYE, ik Ko AR i T
A4 E . SUMO-SIM AH B./E FI7E SUMO & 42 K

SUMO

SUMO 71—GG

AMP+PPi

SUMOylation

Z R P AT, I SUMO i 5T A i B¢ o
KA EAR

SUMO

N\ 4

SUMO
fEADERR

SUMO

Fig. 1 Catalytic cycle of SUMOQylation
El1 SUMOylationf &R

JEA

KW ATPIK W EL fESAEL/SAE2TK 1k . 454 1

EMAEARRERIL b, SR TR, &M SUMOZRR [ SENPs Y 2258, IEESiISUMORE 1] 53

1.2 SENPHRIEERELEW

et 2 JL 4 b, 1 5% SUMOylation 7l
deSUMOylation 1% i — B J& IR ABFIE (R X 4 Y
SUMOylation & —~shZ& R #2, T SUMO & H
AN A AR, B2 SENPs
FEFL C oS At E AT IR, BUE 5 BRSSP
o 25 deSUMOylation i F2 A9 i1 J& T SENPs %
B, EFLS T, BT 6 AN SENP 2

PEAT T FAE (SENP1., 2. 3. 5. 6 f17) B
SENP1~7 BAEER . AN FE A0 E AL, FERE

45 SUMO fin T. 5. il 4n, SENP1 ] LA [i] B 4b B
SUMOI1. 2 F13, Tfii SENP2 {) Jc 4tk ¥ SUMO2., [A]
e, A SENP WL 0t A AN [FE B M H T
deSUMOylation (SENP1, 2. 3. 5) #f SUMO %
(SENP6, 7) "/,

NZEFEEMY) (SUMO) s SUMOKE S A (SENP) SRR UIH], SR8 HCoi — &ML . 161k: SUMORYMIAIE
TR SUMOR {8 B E245 & BEUBCORIG VEAL G EEMR . 4% . SUMOTEHLRR Y h R

J—MEAIERR

2 SUMO RS FERERIAE I ThEEIE A

2.1 SUMOzhZEIHTEMEMEFR1ER
2.1.1 DNAifiBE

TEWRELEE F, SENP6 Ay L DX ik A8 Bl A g 2 9K
Bk LR R A T AR E M F 22 2 . SENP6
X poly-SUMO2/3 FY I #I7E DNA £ 518 52 I 1 e
O EAE A Y, K L SENP6 1 3% & & 5 5L
SUMOylation A5z FRHi|, M52 0 — F 51 5 DNA
1652 RN R 21 4R G i B 1 R A i e £ T 0
B, WNEEEE M (cohesin) HAY DY, X
UMM RE CHEIEN, iR AR E
Pk %iﬁDNATﬂ%V’EU&iﬂWﬁJH@FJEﬁ% B
SENP6 fift Z i}, X $EEE [ 2 A9 2 YL fa i
SRR, DT T X DNA $ 0 0y 225
A SEIEN A AT R 2, XA IR
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R T BE & FEUEN M & A e AL, DRI Ak
EURE . BRI IE, SENPG6 78 ik 9 P A/ ] 2 8
JE:18 1 P E SUMO fhid #2 LA K520 DNA 552 Flik
P AP AHSCER BRI TIRE, DA TS M Ik LU 983 1)
AR R

RAD50 #H B /E HH 45 1 1 (RAD50-interacting
protein 1, RINT1) J&—F15 RADS0 & FAHEAEH
(IRE FBE, CORIE AN s A . ety
A B 1 AR5 LA K N 5 I - i R SR AR e i vh &
FEREAEH Y Bopif s a5 =W, RINTI fgfE
i 1 1 1 SUMO Ak izt 2 oA 4 35 g i 98 40 A A4 B
A& 4T SUMO 3 41 il 5z 30 4 Tk B AT LS 5
G2-M BB AN T ¢, 76 RINT1 = (15 0
T SUMO fh il (4 3 Pl 35 2 ) 32 B T4, S5k
B P OR RERE IR # e SUMO 1k, 53 SUMO
AR R AR . XA T RE S B — R A5
DNA 1& 53 F1 3L P 41 4 47 A O 19 35 11 T 2 A W i
TR, DI R 213X 2 55 5 W 7E 4B H i 2
fit. RINT1SZ M 40fdF, SUMO2 F1UBCY [~
PHUESE T A7 7E SUMO LB 2552 I 2 5 DNA &
20 4E A RS RE B IE#fi 3t SUMO Mk, IRA &l fig
T E N 2 DNA GRG0 B, M DNA B &
iy
2.1.2 MR

YIS (EVs) JENIEMESUZ R,
Ve FH A VR T an it el i, B
JERE IR EL 25 (Iymph node, LN) %% ', EVs
ELA R B R S Dl R P RS2 A 24 L 1 UL
i, BEAZHE E JE A R A TME, 3 T S 80U
FERL 0 R 40 M- TME BRI 2 O E 22 0 g 4
43I BVs Fh MR A 3, He B ) 28
B AR S A0 AR R RS R B R L AR
M, EVsifF0 LN GG ARG, %
BP0 5E . Bt (BCa) ZH43ii) EVs il
K AEIES S RNA (IncRNA) -ELNATI H{& i/
FHNMNREE NI (HLECs) B9 20 i ]38 1,
FFAEREFE ) BCa 20 it L SUMOylation 4 5 2,
PR HE bk ELE AR R LN 7% 5%, 01555 UBCY i 3R
ik DL fb hnRNPAL 7E #i & R 113 5% % 1Y
SUMOylation, [F i, SUMOylation 7£ EVs [ i 3%
HOEFE T HEAEH, Bl s TR Rk
&% (ESCRT) 43+, JHEdE e
#HE 2k (MVB) 5", SUMOylation f& i
() hnRNPA2B 1 38 £ U A7 E miRNA SR8 ik A

Y& o T %6 ) EVs . SUMOylation 7 [ 1 AH
KIS (ATGS) WIHHIT A3 a R Mld% 5 1 E 4
F|EVs 1, XMW SUMOylation &7 17325 M EVs
ML A SR, filh & SUMOylation L1755
EV A% (1715 78 AL i AT 28 52,

B (IR A BT se%, & R
SR S AN LY B R -TRl SRS A (epithelial-
mesenchymal transition, EMT) . 7E#f 7 # 5%
FE IR AR L SENP1 2 # U B ] L3 5 = B 1k
FLERE (TNBC) 4iffiAy{R 28 Ml ', SENP1
PR EEE O, AR 2
(MMP-2) Hl MMP-9, i i it & i % H F la
(hypoxia inducible factor-la,, HIFla) {55 il #4¢
T e 2 e R R B8 Y. SENP2 i o Xt
TBL1/TBLRI1 () deSUMOylation % 11 1l [ e 48 41 fits
HIRZETNEERS , T MMP13 B4 55 3 725 75 50,
CBX4 (chromobox 4) J&—FhZmidE I aYIEE,
AN BN 3 (HDAC3) S8 545 i
rh G S PR F- Runx2 Ji 80l I 25 i i i
£ 50, CBX4 i i i # 58 HIF-1a ) SUMOylation,
SR JHT20 BgA 200 b R A S A I N AR R
F (vascular endothelial growth factor, VEGF)
A AR 7, CBX4 Fak ittt TR U B
FEAE IR ) o S A B %, Smad A EAE AR 1 1
(SNIP1) & TGF-B F1 NF-kB 175 5 18 [ it % S5 410 )
+, H:SUMOylation H E3 %21} PIAS £ H i
5 - 9% SENP1/2 #1llh] . SNIP1 fit) SUMOylation 1§ 5i
T TGF-BA#E A it B Ff= 28 . Pl K
K+ (HGF) /c-Met {555 7£ -2 fa g v+ 9 EMT 3
s E AR . 88 A T 1 Rk
RNA (shRNA) #5708k SENP1 & 4% 3iE B n] LLAD
Hil EMT, Jf080/0 HGF 755 (1) JF 240 0 g 210 A rry 38 5
AL #8 . N-Myc Ui 8 ¥ 3 H 2 85 [ B
(NDRG2) 7] # SUMO1 IeAfr &4, F4 i At i
A AR . R R
22 SUMOzhZEihEe Rzt iER
221 s

EAWFITEM, SENPI AJ LAJEE STATS i,
O R T 4 M F B 40 & B 2 CE 2, STATS
SRR SR T, B SUMO2 &4, JIF
FH SENP1 FESPEH 5 . 7E6k = SENPL AUTE LT,
SUMO?2 & i¥) STATS 7 itk L gk p LR, &
HOH COBEACFIBES B 55 32 B, kT 4B &
B 32 B 57 DR 7R i R 7 A R, AR -T
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(IL-7) J2 T 41 A AN B 40 il & & o F rh b R AT/
FEITCA MM T 2 2R E P &EE (IL-7Ra
ME LA FZ Ry 8 (yC) ) 4k, Efil4s
4 Janus M 3 (Jak3). STATS J&IL-7R T Ii##1) %
BE ST, ERSWAEEAHCH A STATSA
HISTATSB, X W E Y iy AR () JE R i, 7 fie
EA ML R B MIae bR ESCHEEM . /NER
STATSA FN STATSB &K 1) 56 42 2K 1 S 2R T 41 i
HIB 40 & & " E G . 7F SENP1 KO /M
5T T SENPI ZER L4 & B iR AOVER . %
P22, SENP1 KO /)RUAE -1 T 240 fa A B 21 fifd &
H PRI e B . 7EELZ SENPL IUTE LT,
SUMOylated-STATS (1) F 52 5 8 STATS i 14 Ak £
L BRG] . X eSS IR, SENPI 2 AY
deSUMOylation i [t i 845 STATS i, 5% 5.
WM EE SR
222 ARBELRAR A TS S

s A = 328 R G0 =2 IR 1 22 T AH A
AR P RIS IRIM B Z —. M6 ERER
i A SO s IR A, 5 JELAR FH s AL
Kk AE RN . AR, WEIRACRWTIEA, 4
ARGk E R AWML 0 A TH R
BRI, T e RGAE TG S5 AR5 KT
FIFHZF A orFHLE . 772 BRE ML 580
TR (5 SR sh B, AR RRE . 2
Rk, WAEIEAL A A AR AT i R A A
BT R AIBRER . VERXHR RN, T fRE
RGAEMRN TSR sh &R, 3 F8UE
Sl B Z R PTMs . X Pl A2 1Y 0 26 S 8001
JERYLTA S A AN SE R A PE R AN, e
REPE G AR, 3K BEAH AN S K G o P ) TAE
IXHTRIRA . 2 B4R W PTMs 2 —, 1
AN FHIZ R AT G SO0 g5 A2 A 7 B ) A2 1]
AT, fER R, ZRREEA, FlkE
SUMO, B HEM T Z #2515 3 0 G e IR o
SUMOs J£iZ % F¢ (Ubl) HEH, ik SUMOs ffE
5 Z R [ R BERT 45 & . SUMOs 325 i Hh 4
B ok R EIL/ER . 4R, SUMO 54
H AT SUMO-SIM AT MM BEAEH . Hiz
ZAEATE], SUMOylation 278 T #E4E 1B E 07 . M
HAER . Thaesife e k.
223 HmELNA

JibsRE AH SE B E AR (TAM) fE5 TME iy &
BT, B SRR R RN R AE ARG

ZFpIIGE, AT R gl k% B IR R S
FEREINEIT IR S WL AR N o n] LU WG 4
J& TME (1) 224 iR oy, AEA e oF e i 35
KHER . (EERERIE, F VR b5 S s sh
WAL, M1 (LS b E A fim2 (st
WAL B REANAE ), BN E RN . M1 g
A O LS 1 oy Rl B 18 1 A . R 19 WA =X
(RFIE S = AE BT R AR 7 7 7E FLARIE A b
W, Akt 2R R/ R FR LG 1 (Aktl) J& SENP3 1Y
Yy, SENP3 64k J5 Aktl SUMOylation 14 5 2
Aktl 3 FEERERR AL FGE , PR T B LA ) M2 3
IRk, IR IE T Bebfes (%) e o8

FRERD], G SRR B W VA A
WAL, B 5 S B 1 (hypoxia inducible
factor-1, HIF-1) 2 4 A i W S 48 0 S 8 8 75 (A
T, B VAR IEEMER, S 5YRET .
ANBEIGEE . RIS A RAE TR R,
HIF-1 F 25 i a W (HIF-1a) K45 HAY)#1F
FH o BHPEJE A8M 1E V415 HIF- 1o 36 PR R S 1 v Y
MR T AMIESE Y. SUMOylation AJ LA
il 7 B AR S T B RS R X HIF-1o 19 R 7 .
SUMO2/3 A] D& 4 HIF-1a 19 5% 25 K391 F1 K477,
S ECHIL G PEREAR . SENP3 X4 AR 07 38R 35
A (ROS) MU, EoMEAn b (%) ROS FH R 3l
T J ] SENP3 By 2 1 il AR 8% At 1 B2 o5 LK o T
= M SENP3 JK °F i i fE #f HIF-lo
deSUMOylation % & HIF- 1o M 1T 5 250 W40 it =
AR R AN T 7,
2.2.4 Tregiify

Treg i iS22l B M T 240 M%) 55 —Fh I 78—
HPE T AN, SR R N R B i . dERRA AR 2
PERNTREH B B e Ir i 1. 76/ R 78
7R, UBCY7E Treg 4 g v e e £EPE M BR . X F
UBCY 5[ 4 Treg 2 it 1) F2 AS G FEAFAE — E BRFE
HIEARZ P, WEIEPEREAR. MR UBCY 11 Tregs
SR EEET T A SR R R R, WA
CD4" T 40 S B it 0, 58 1 4t B DR 7 43 s 34
{3540 dsDNA [ SHiiRfE N BTiRS n, k2
A5 E S AL EL AR T R . Tregs '
UBC9 iy it = £ I A G418 55 . CTLA4, PD-1 0l
1COS ZE4Hil 43+ T JE I+ B Hl P4 1 IL-10 (Y
FEAE D . TCRAF 55 S8 E & 5 8 Tregs i1
P E R UBCOGk G, #E 1 T3 SUMOylation Y it
K. B SR T IRF4 B Fa e M FTE P BRI 7
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Treg NI 4F FPEBLE SENP3, 51 SUMOylation A
FERIG N, $E5R TAMETEIL . A S e iE AL A T 48
RLA 5 B9 PT IR [ i o SENP3 J2& Treg 4 it i) I8 5
K-, 38 a9 il v B2 AR <Y A BH. & ) BTB 11 CNC [A]
JEH2 (BACH2) i SUMOylation FI% & fir & 4
FH . BACH2 il B 1T b E2 400 Jfd (1) 24 K 43 Ak A%
. SENP3 4 5 1) BACH2 deSUMOylation BH 1}
BACH2 (4 i, i 75 CD4" T 240 4 i
IMAEASEIFEDN, BaE T Treg ANMAR FPERLN 75,
225 AR

H AR i (natural killer cells, NK 4fJifs)
S5 MR S IR S R LA, PR AT
A VU S AL A BT 53- b 48 e DRl A Ak PR
MIBEST o BRI SZ AW 2 AR5 S R 5 3 A
T, ERUMEREAE e EEAS AR S
Y1 (MHC) 12843F, JF¥am RBUSSAS A 46 N FAn i
AR R 24K . Zitti %5 79 JER] T DNAMI
WS Z R PVR IR TE 2 R g s & 7
SUMOylation, [Ai} &3, PVRALSGEA T AL &M
E R A R AT S AN A A N X 2, B
SUMO i 4% nl fg st Ho 5y (37 =g erm, 34 fiyes 4
JHLXCT NK 240 A5 1) 200 B i R . XA 5
SEPLHE T i SUMOylation 33 (1955 K S0 28 % i
IRIEE — R, TR X FP B 1 1] 55 s 240 A
PRI A 7 T BT EH

#8 R elf-1 #£ [ + (myeloid elf-1-like factor,
MEF) J&—F#hETS (E26 specific) 11, AT
TR T A Rl 2 R DR TE NK 4 b 28 /LR (NK 41
Jit 55 P 40 ROk P AR R ) BFE SR T, 5
FLE 2 NK AR G R A ) 300 4T, Al e
HMIRE EFTFL, DNIMRIEAR N B TR A A, X Fh
“HIZRT LA BT ARSI e . 1E
WL s 40 i A Fik L SUMO1/2 I KT b,
%% P MEF 38 1 5 SUMO1/2 454 Mg &M . 38 3
578 2 B MEF [ 2 657 37 55 /& SUMOylation {3/
S, BRI T MEF MHAEBER LR S8 T
TG, BRI T 75 1 i mRNA (9835, YL (o i
PEVLTE AT 7R, SUMO B BRI /> T MEF X4 14
Miash FsEgE™, XE—-EBRELBET
SUMO X MEF {&PERS T, AT NK 4 28 fL
R 2 B, PEUNK 40 g 20 Y 25 155K
TS . s MEF 23k KP4, A nl gk
R IR IR YT 4

2.2.6 Thl740jE

TE Th17 0 504k i — 28 [ B A2 148 S 0%
A A 5% AL 5 B YA FH——RORyt, H LA B
SPAEAR I . R HE N DNA 5 A 235 F) A 3k it i A
SEG IR FOARSES B S5 P 72 i 2 — U
Tifie2 (AF2) JEJ¥, 508 28 [ B2 AR s A
T 1 (SRC1) SFERNIZIK I, X /& RORyt 41
Th17 53 A3 PR ) s A0S BT /s 19 7. RORyt 5
il Th17 402 19 504k, Th17 41 i BE 0% 43 TL-17
2 SR R R, R H SRR
[ A . He 58 ™ JF 8] T RORyt 9 T fE 2
SUMOylation (75, #F5E& M, SUMO3 [k,
T Th17 (AR IFHELSR T iR CD8 A hL 2 B
PEARML (ISP) (FERE. RORyt eI Z R 31 (K31)
Ak i E3 L PIAS4 &1 SUMO3, /MR HTK31 %
75 ks 22 1T B 1 RORyt ) SUMOylation, M ifi5|
H Th17 W50 f 2z 45 . AL B JE, RORyt-K31 fY
SUMOylation 5% £ 20 i 11 £ Mt 5% # [if KAT2A,
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Fig. 2 Schematic diagram of SUMQylation in tumor immune cells
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Abstract Tumors continue to be a major challenge in human survival that we have yet to overcome. Despite the

variety of treatment options available, we have not yet found an effective method. As more and more research is

conducted, attention has been turned to a new field for tumor treatment—the tumor microenvironment (TME).

This is a dynamic and complex environment consisting of various matrix cells surrounding cancer cells, including

surrounding immune cells, blood vessels, extracellular matrix, fibroblasts, bone marrow-derived inflammatory
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cells, signaling molecules, and some specific cell types. Firstly, endothelial cells play a key role in tumor
development and the immune system’s protection of tumor cells. Secondly, immune cells, such as macrophages,
Treg cells, Th17 cells, are widely involved in various immune responses and activities in the human body, such as
inflammation responses promoting survival carefully orchestrated by the tumor. Even though many studies have
extensively researched the TME and found many research schemes, so far, no key effective method has been
found to treat tumors by affecting the TME. The TME is a key interaction area between the host immune system
and the tumor. Cells within the TME influence each other and interact with cancer cells to affect cancer cell
invasion, tumor growth, and metastasis. This is a new direction for cancer treatment. In the complex environment
of the TME, post-translational modifications (PTMs) of proteins have been proven to play an important role in the
TME. PTMs are dynamic, strictly regulated changes to proteins that control their function by regulating their
structure, spatial location, and interaction. Among PTMs, a reversible post-translational modification called
SUMOylation is a common regulatory mechanism in cellular processes. It is a post-translational modification that
targets lysine residues with a small ubiquitin-like modifier (SUMO) in a reversible post-translational modification
manner. SUMOylation is widely involved in carcinogenesis, DNA damage response, cancer cell proliferation,
metastasis, and apoptosis, playing a pivotal role in the TME, such as DNA damage repair, tumor metastasis, and
also participates in immune cell differentiation, activation, and inhibition of immune cells. On the other hand,
SUMO or sentrin-specific protease (SENP) inhibitors can interfere with the SUMOylation process, thereby
affecting many biological processes, including immune response, carcinogenesis, cell cycle progression, and cell
apoptosis, efc. In summary, this review aims to introduce the dynamic modification of protein SUMOylation on
various immune cells and the application of various inhibitors, thereby exploring its role in the TME. This is a
challenging but hopeful field, and we look forward to future research that can bring more breakthroughs. In
conclusion, the TME is a complex and dynamic environment that plays a crucial role in the development and
progression of tumors. Understanding the intricate interactions within the TME and the role of PTMs, particularly
SUMOylation, could provide valuable insights into the mechanisms of tumor development and potentially lead to
the development of novel therapeutic strategies. The study of SUMOylation and its effects on various immune
cells in the TME is an exciting and promising area of research that could significantly advance our understanding
of tumor biology and potentially lead to the development of more effective treatments for cancer. This is a

challenging but hopeful field, and we look forward to future research that can bring more breakthroughs.
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