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Abstract

Precise control of protein subcellular localization is critical for understanding cellular function,

disease pathogenesis, and therapeutic development. Recent advances in localization-regulating technologies have

opened up new opportunities in both fundamental research and clinical translation. This article systematically sum-

marizes the molecular mechanisms governing protein localization, the dysregulation of protein localization in can-

cer, emerging techniques controlling protein localization, and applications of these techniques in antitumor therapy.

Finally, future development trends in this field are discussed.
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i RGAE IR X 5 2 )AL 1 IR X % A,
s MRz, MBI, moRIER R, 2Rk, Vil
R A AR S . RS 32 e AL X, SR A
AUREUNIEE S WREBENZER=ZKE,
FE E R B ALRHIE S AR OhRe B I AH G . I
2 —RAE S G B A 21 20 i o I B A i 25 e
FREARP, s, 5 5T AR,
20 AR ) 5 2 B AT 41 BB TR SR ThRE ; M R R AL
T4 B T A o b A R, R U B (W /B
EEA). BREGEOSEHED, DRSS 5
ST IR B A% R R A T Az N,
S5ERESFIE AR, FES5BEE S A,
il BE KRIKIFE.
1.2 EBRITHEE L RIBIEHLH
1.2.1 E#Higiz A FUAE A RS KA [F] 1)iz
W BB A E R X %, s Tt e
AR 2 (A ia , 2 ki ia i 7 7 B o N2k
WA, &3z 5 ) A7 B T 0T LE 20 I A B A i 2
Z 8 K mp s s . Bk =R SR AR
GIGHAPSEZ2 /I

1% 3 i 2 4 A 5 40 R o R] 470 i 22 #te 14) O
WL, HAZFLE A 4K (nuclear pore complexs, NPCs)
5. EOMEEET B S E )T (nuclear lo-
calization signal, NLS)i% i 7 41| (nuclear export
signal, NES)-5j#i1 A\ & [ (importins, IMPs)544i Hi 2x
(exportins, XPOs)4 &, H-/ERanGTPEGEFAIRZ) 5k
IAZ R . WK TAF7R, IMPsPEZ0 )5 Hh S5 %1
NLSIIEMIER B 456, TR E &Yl id i LA
YHMIR%, RanGTPHHIANEE 455, SRRk, I
MR EA. I, exportins?EA% N 5 RanGTP
KA NESI IR E BT =Tc &Y, EEW
HIZ B MRS, RanGTPTE RanGAPI/E A R /KN
RanGDP, FEEWIE AR BEJa , RanGDPIEd %
532 [F-F- 2(nuclear transport factor 2, NTF2)#% 1z [A] 4]
HoA% , TEAZ TR A2 #: X F (nucleotide exchange factor,
RanGEF)f#E 4k T 5 H 4= iliRanG TP, 5 B AG A

ERIAR R A 18 2 — A BE A B RS T A
W IBAT /R, 48K 2 5028 R AR B (RS 4 32 224K
AL 57 [ (translocase of outer mitochondrial mem-
brane, TOM)iR 77 1E L2 2L R 4 i (1) 15 5 ik, AR
W B 2B NN F 43 N 2 S 0B G o A B 3 0T 1) 2R
1 5 36 AR R 0 1 N- i S A, e P )

A5 K3 71 23 (translocase of inner mitochondrial
membrane 23, TIM23)5 /1 37 5 F2A7 BEAH ¢ L ik
Pam(presequence translocase-associated motor) & &
PRHEN 5 TEAL T AT B HE 5RO Y R A S
Fed, it TIM2248 A b 5 5@ A T M 0 i
SAM(sorting and assembly machinery) & &4 Bl
HHEAT I & SHE 5 M0 L T8 1R B ) 8 B A 2k
$i4A& MIA (mitochondrial intermembrane space import
and assembly) & A0 FEAa N, B I A A b
A 4E 4

Ed=Prige) AR R AT (e o
T R 0 b R R Bl B e s R SE I, iz AR
Wik 1 SR A e X R B sl . anE1CHR,
Higtmth T WM, B RO & B B COPITEL B
AR IR, APJSTIY HE 2, S I s 22 I
e R AR A0 ] [ Wi (2B B PN o X SRR R )
W ey COPIEL 4 O 230 47 57 , K H i /R B AAk I [ Y
B fEERIEAN, EEREIN TEME, Har
iE R AR S 3 - HUARE DT B B A 4 A ) R O R
COPIZEIUAE my /R FEARHE S (A BEAT IS 00, 1T B & € oL
TR 2 A E B AR A SR 5T, DU e g
B R PRI A e 2R R e T BRJSR H  R
Bk W N A B AR, TR SR B R RS e
R AR . R, COPIL. COPLHI A% 8 (X = Ff ¢
S R R I N AN F T A H R,
KM T — MEERN IR R G s g, IRk T
B E 5 RE N A R IA FLTh REAL AT
122 #hZxahTmieyAtiZ2RlE  HA
JRAE A M X ) A A G T (1) AR
SENLE T MRBMACE ; (2) B S AR 58
(3) H I HT TR ; (4) EAAE TR IMIRE
AE T, g0 2 BRI 3 A R R R B R
AR e A7, FE I v AR AT R R I R, G i
A DU I 1 S LA T B SR (A e B R A A
NLS™)\ B2 52 AU (i 42 4% it 2 13 AR 398
ol B Y X AR I (U e 2 A e A7 1), st 241
R VR R 5 A R A, AT SR X A
AR A BT R E A0 DO R

2 EHRTAMRENRESHE
2.1 MBI E B E TR S B
JiJ8g #1011 25 H (tumor suppressor proteins, TSPs)
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(A) Nuclear import Nuclear export (B)
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X olgi 3 5.0
O X O
< i
('% f:)«*: .
Nucleus < Multivesicular body
ucleus e RanGDP @ i:};-':. or lysosome

LS \) X0l
RanGEF N
RanGDP

A: RIS . I FEINPCs /. EAINLSHI TR (A 5 IMPs&: &, fERanG TP KN T #E AN AIIAZ (AN, 0); #5H NES 1) S5 £ (1 )
5 XPOs ¢ RanGTP4: &, iz AT (%, 47). RanGTP/GDPI¥%HivKk & % tHRanGEF MIRanGAPZERF, T ff T iz hin . B: Zokifhk
. AT A U SR AR B I TOMB &Rk NGRLid . BEJS, HCHEE B AR AR e 26 58 (01 404k ATAE S I ) 28 (B TIM23 5 & 14
IHKIIPAMBN 1 R 45, 58 T PRI R PO I TIM22 5 & R 3N 58 AT AN B 1 I SAME & (AR W B 2835 17 s o7 5 10 st 9 26 1 T FHEMITA
HEHBATENIT & 5HE. C Bk, HItEARENB RSN NEZE. Erzi: COPIIELE TR 5 51K 1 & B 3 1 A A 7
B E /R B A T [RIUC: COPLALE A FEIEL G S0KE 2 1 AN foi R A& [P P9 T o e M3t 0 bk 2 1 LA T TR0 61 S0 B 420 B i R B
ST B 5 JAE i 2 AR, IR 4 HROR TR B AT B fif . NPC: AL & 15 NLS: B8 A5 55 IMP: $ N8 5 NES: #4155 XPO: firh & A,
TOM: S s TIM23: 1A 5 (1 T 5 A PAML: 2R N TR A

A: nuclear transport. This process is mediated by NPCs. The cargo protein carrying NLS binds to IMPs and enters the nucleus under the drive of

*COPI *COPII *Clathrin

RanGTP gradient (nuclear input, left); the cargo protein carrying NES binds to XPOs and RanGTP and is transported to the cytoplasm (nuclear export,
right). The nuclear cytoplasmic concentration difference between RanGTP and GDP is maintained by RanGEF and RanGAP, ensuring the unidirection-
ality of transportation. B: mitochondrial transport. The mitochondrial proteins synthesized in the cytoplasm enter the mitochondria through TOM com-
plexes. Subsequently, its transport pathway differentiates based on its final localization: proteins heading towards the matrix pass through the TIM23
complex and rely on the PAM dynamical system; proteins located in the endometrium are inserted through the TIM22 complex; proteins located on the
outer membrane are assembled with the assistance of SAM complexes; proteins located in the membrane gap are oxidized, folded, and anchored by the
MIA complex. C: vesicle transport. This pathways are responsible for the transport of proteins between the endometrial system. Positive transport: the
vesicles coated with COPII are responsible for transporting newly synthesized proteins from the endoplasmic reticulum to the Golgi apparatus. Reverse
recycling: COPI coated vesicles are responsible for transporting proteins back from the Golgi apparatus to the endoplasmic reticulum. Late-stage trans-
port: vesicles coated with clathrin are responsible for transporting goods from the opposite side of the Golgi apparatus or plasma membrane to the endo-
some, and ultimately reaching lysosomes for degradation. NPC: nuclear pore complexs; NLS: nuclear localization signal; IMP: importins; NES: nuclear
export signal; XPO: exportins; TOM: translocase of outer mitochondrial membrane; TIM23: translocase of inner mitochondrial membrane 23; PAM:
presequence translocase-associated motor.
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Fig.1 Key transport pathways for protein subcellular localization

FEMMR R A R R A R B E R, VF 2 TSPsT € AL
T 20 Mk A B A 2803 ) 24 i JE B g R B S R T
FEJRE H, TSP AL BT 5 4 2% 5 2 0 A% i th 18
IR/ S5 5 B

B, p2 1AE 48 i JE 3R 2 RO 1 T (cy-
clin-dependent kinase, CDK)#MIill57), 1EH 50 T &
LT A%, i H ] CDK S 4 BH 7 40 it & HE R
BRI 45 B h, p2 R DR e B B R
Bl 5 AR B (NS A 4E B AZ B ) A ELA'E FH
BTt o 1, Rt kLS RE R D RE  p2 7 [FIFEAEAX
WOR SRR, (BAEIT A0 51 e S5 i b, &
DAl Akt/mTORGH B 1o B2 W 3 B4 p2 740 Bk R A I3ty B
THRJEE U, Joyk i) A R R0 B A R H
(retinoblastoma protein, RB)7EAZ P 45 & - #011il] E2F
SR, HoiZ i S BB 3% S IR TR, s 4m

L JE BAH DGR DR (1 3R 08, R 20 e 44 P P 3 0
P & A XPO 1 G 58 p53. FOXOZHlE
TSR R, R R R, R SRR A
I 5 AT T 245 AR %
22 BERREEMNSHE

Pl £ 11 1% ST 400 5 A 7 A PR T G T fl 1)
JE) B BT A OREE (i pH B5F), A& HIE# 4k )
REMRIBEA . TR o, 0% S o8 A A L R R TR
IR ECH A, S BSOS AR I A A S MR
U AR, SREN (e f AR

4N, SRS 2(hexokinase 2, HK2) IE & & A7 T
LRSS R, AR R REZH AR v,
HK2H 5 8 A0 T 4%, AMUAERFREIRE AR D) e, 38
PAFTEBRIAZ N R ARE T, Bh 2 A e85 (5 5 08
RO (23 e 20 S A S A, TR R S M2 T
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Gk -

H(pyruvate kinase isozyme type M2, PKM2)IE# &
LT M5 A B I 26 7 D A B, T SR 58 5 L
g b, ARG AL JE 345 B EL O, R TL A
R H3, BOE R g B PR Ak U, DT (2 a2k i Jgg & AE
KIE-

23 ZAREESBEREAENSESME

ARG 5 73 1 TR E A 2 HAR UM AME
T ORI AR B T IE I 2R AE S R GBI Al . B AT
FE 98 T 1 58 A7 B 2 BAE 5  F I R
T, SEE SRS BEIBEKIERRESA
1EFERG , f 28 DR Bl AN 52 428 19 3 5l AA7 0% S5 e 3R
A,

i, 5244 EGFRE M Je8 48 i o (8] A 2 e
TR T AN, SEO T AR SRRSO U
RASK R [ (W1 KRAS) IE # 7€ 10 T o 5% 75 A A
A, 1 5 B A BT V2 A AR B 2R
B, RVRAE IR AL B A RS T IR 8 B (n
RAF), J 1M o] fig 5 W0 e € 1 R (S 5 18 2% (0
MAPKIE )7 %8 1 Ku701E % €6 T4z s 5
DNAMEKE, 7545 Bl v 7 8 56 L 2 5T, 5 Ras/Raf
HASTE R M5 54, 7% #0% MEK-ERKIEH | #11]
P T IR A, T AE S bR SR 1H, RSB T
fit4& 1 (programmed cell death ligand 1, PD-L 1) % %
AT IR 4 U I 26 T 5 TN PD-1456 7 3 A & 411
il , ABAE R4y o2 ¥ I H BT B MR R B PD-L1
i B T PN R v R B A, B E A ek ) 55
G PR R AT 70 7 0
24 WHEERSEHATERENSESHE

2 5 90 f B B2 20 3R 4 s 3 1 B R E AT
TRE T AR M DX S (A M 2 J2 . REAEBE . SRR
A S A 3. i 7 R BT
TEECTIRE AL 9, AR SR 7T B Ezrin IR H
IIAT T OGN K =, AL 1 I Rg AL g AN
Sz R il g 2y o S e A A A 5 A 0 R O
TRty SR TR, Y R 4R B I B e ), W3 B
RS X o

gx b, R OB D RE £ 1 20 B 8 A S
W R IEFE A DI RE . R R E IR, S8
15 5 W B HF 22 /R R TS . SR i iE BhRe J BL &
I FIRITHRPUEE Z MLH], 3L E SRS T R R A
RIE FRE AN 2. DRkl 38w 45 8 B 4
i 7 A7 A B i 98 245 M ) S SR

3 IAEERRTAREMNEARSNA

R 5 IV 4 i S 7 FRAS it R 48 2 T TR R K
AR R R % S, AR ER B A L E A7 B BER
R ETRIH o A GE /NGy 70 38 1 BH A% 3 B
BEA5 5 388 s kS22 1 DY R, N oK DR 0 ik R
SRS, ST B 5 A R A, AL AR S
it A SR P 3 I XU Ry B A S R A
AL E . F IR VRN R LMEOR (R D).
3.1 NG F AR
3.1.1 Az#r & 4945 (selective inhibitors of nuclear
export, SINE) W e e AE IR R AR R R %
R, HA 4 & A (exportin 1, XPOD) R HAF
2 M OB e £ 1 1 A T R EE R T R
Mo WIE2ARTR, EMEAI T, XPO1id ERiE
SEEEE A (N p53. p73. FOXOZ) AT &
FI (AN PAR-4) i 57 5 i H 22 I o 1T 92 R D g, A1 e 410
) XPO LGP 1 S 48 T 1 A € 7 1A B 3T 1Y)
BT Mg

SINE @ £ Hig ey . H—, el g
454 XPO1 Cys528f7 s, 5 FHA R, MITTHRE
S BEL T L 5 NES IR I 45 & (W1pS3+ pST74%), |
HEMR, XREEEAEZANRE, IKEH
skl Thae, o, el PR A A7 B E (W sur-
vivin) i 4 H IG5 5 BAL, 2N L e 1 e o 5
IR R 250 o I PRATE T8 s, A%t 41 77 Se-
linexor 7 M6 34 S 4488 A IV 28 0 0 M Jiv g b R B
B0 RS 52 PR AT 0 I R i o 6 SR i g 0 Ly o
Je ) TLA PR E6 B 2400 T R IR P 11 3 2 50%,
oy B SRR K i e P EE KR TEZ K
B B898 (STORMI B ) 1 S HHL 26.2% [ % WL 2% fifk 6.
AL AR IE K 8.6, 1 XF TPS3EF A R 2tk
BE & B, LS AST 77 R e e R R T 2
35%.  H AT AR 302 WU Kl PRI AR IEAEE4T,
X f A AR R B BRI . 1%
AREVUIAAE T I RIT R , X 2 B SEAASR /ML A7
R HAFAEREAE JRBR: 27 RUR PR T XPO K #& 1%,
BT TR 257 o B KU 5 7™ AN R S SR R
3.1.2  HH 3747 (selective inhibitors of nuclear
import, SINI) BT NS B EEE DL A
XPO1ZKF-_E Al & i i im R B2l , ANATTRE I A%
NI AR T . T IPOBLE AT
BETTA, D] ) SRR B HRAE T R TPOB LA il 71
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o BlankE 2A, /N7 5 Importazoledf i il 38
RanGTP5IPOB1, 3 p65HTc-MY CZ: 4% [K i iy
Ji, FE B EEE . AT A A O SR N R S R RS
AR A ek 2 PR 2R K ), 4k, BT A5
MU R4 (I INT-43, feH 23MH IPOB1 T EE, F T
NFAT. AP-1HINF-kBFAZ 4 A FI G sif e . WPk

WM, ZAMEIFGES T EIE. RER. ATSR

Toe: LA o B g 55 2 Ao Ji R 4 AR AE TR
I TR N IE B TUAR M, S RUE A K,
B R T RE R A PR, BRI AR T i
ATy R 0 R XURS: , DRIk H A i N A ) 7] £ A
BT A I, (B EA I PR a7 B R A BRI
I 5
3.1.3 #BedpH) A (kinase inhibitor, KI) B
AT PU B A ARk 5 A5 5, TR) 3 4% 2R B
WA AT Bt E2BRR, R4, £ A
KK ¥ 5244 (epidermal growth factor receptor, EGFR)
Pt PR DR T 195 4B T ok 2k . L858R AR
AFFITTIOM — IR AL, IX LETAR 7 S EGFR B ££ 1%
7 EGF 500 N B AL FHPELBEEIRES , IWiaE &
Uit MAPK (5 53 % L\ J mTORME 3@ i, {2 ik g
2 6 %) 386 5 53 A T #% o T EGE R % 220 TR A il 411 1
71| (41 Osimertinib) & — 2K 5 ATP3E 4+ 45 & EGFRE H
ATP%%UE’J%’E% FOARA N EGFR BTG 14
e TP T T A T g b BB RR AL OB OB, B T
EﬂLﬁﬁ?’iﬁaﬂz ) ERK (p-ERK) /) 4E e S A% G Al 12, 17
22 54 R V5 A B 1 O B (mitogen-activated protein
kinase kinase, MEK)#1l| 7 (4] Trametinib. Cobi-
metinib)iE i 1 H MEK 1/2 /03524, BH1EHJEP040 g
AME 5 1R I (ERK) BB IR AL AE AL, AT #1)
p-ERKFEA A% o p-ERK A% 2 H R 45 1 S i 15 1)
RE(UNIUE AP-1. ETSZURIL K 1) o<t D IR, 4
il st 1 A5 REAT A4 PH T RAS-RAF-MEK-ERK /5 5 i
IR ) e B A A o dX — SR B L s D R TR R, 5,
MEK #1711 % 15 BRAFMI 771 HI V677 BRAF V600
RARRAORIFED IR B A 1 77 (A PP2)
I8 L BH W 4 5 BT (focal adhesion kinase, FAK)J<
SR SRR AL A (U Tyr397) I BERR AL, WA FAK 5 &5
PESZE 8 E (Wpaxillin) 45, 5 BFAK Al 5
R SRR, AT A ) FL A T B AT A R 28
BT, NHLE IR RS TR A T R BV KT AL
T L AR WA, 25001 K 256 B, L RBRPEAE

TSP RN 25 9848, FLAHER 5 52 A6 1 VA 8
LA S P O TR, R e S B A 2

SRR, /N A AR H AT N B B
1 o R 45 e, i RARAAE T IE 757 2k R T8
HOE . 5 TIRRE A . SR, FEAE FH @ o T4
JE 5 T d g B s AL, B SRS R, HoTRex
it B A5k 87 3 3 A B R
3.2 KBk

WTAESR, R BBURLYE Ay M Ik B, A 5L
MURE ) RT3 R0 22 TR AR IR, kg R 45 2
10 2 (A A B A T QT AR T %8 o XA RHI
OV BAALE T RSk B —— 4 4K AR B i
ALE B LR, FnT 4 % 4R BHL R 7F 41 i
WAk, X — A L SO AR X = A A

TR B UL [ O A (R RE AR Uik B
BRIKBL), Gk BokL T S B AR 1A 5 14 E'réﬁ%’ﬂn%
P, Bl 2C, HPipoSHiimmEE AL
AN K FURE (mesoporous silica nanoparticles, MSN)J:
ATLEAZ R XA e 3R p6S B A, T p6SE A&
JE AR S AR HR, Tovis i ALk A4
%, I SEEL T % NF-xBAF 510 26 ARG e T 2 B 7
PriE T RO R B R @ ] NF-xB(p65/p50
TIRMOIAZERAL, A REENT T H R A PUET
BRI (U TNF-ay IL-6)H) G B0 - X AMXRE A 55 8
TS R G IS 5, 3 P 438 o e A X R
(U, TR PR A K AR . SRR, %
S N 5 A NF -« B 2% 7 55 7% A AH 5 0 i Jga i 24 14
R TH SR WA, AEIFR TR THZRIE AR
LA BT &, 12T & BRI p6SHIRZIR
WA, 5IRIE A HAMY DNASE (cDNA). &G
B 1) 3 [ (PC-linkers) F BEL TR £ (bDNA) PA K _F 4% 4
YA T (UCNPs)ZH % cDNA/bDNA 24 52 1K — i R i
K -UCNPsE &4, AW NS, IR IE R4
SR p6SEE A HIHI HAZ L2 . EILLANEOCER T,
UCNPs/ 4= 2 4 GBS T bDNA, Bl ) cDNA 75 4+
PESEBAZIRIG IR, FEilp6S 1, MR p6Stzik i .
I p6S A BT A% AR AT AT R, vTR Y
POSFEIELA (41420 IxBo) 171k /K-, I 15 5 H
MIRRIE SIEH . BN, B T pS3IMERIEA R4,
BOAE T GRS & R N ER 1 50 M\ PR 31 B R A 1)
V41 5 7 R 1 B o Gl K R B AR A% O AR 38
TR R T B (Rl B g, HoAT
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B 22 M) S oA SR e TR SR, R 2
PRTEARME L2 BEE R A YDA 2 i) DA J
BRI A N IR R
3.3 LFFESIEE

%1% F I 1T (chemically induced proximity,
CIP)H A XYy e /Ny 7755 B bn G Y B4
T, ATSEEUA AR IhAE . S ATE P AR HE R 1
fiff 7t @ S K H AR 8 E 73 il S FKBP12(FK 50645 &
T )M FRB(E A% R4 G E OS5 EE S, FHil
R RS T A R, AT SE IR
ez B AR 0040 e A
33.1 sHMREG AAE IR ARETCIPH
R, TR T 2 Fh 5w SR 22 1 8 1 o dE AT A
(A0 E AL . R 2DATR, JFR T —Fh I
FI XN RE /Ny T 1 E NICE-01(AP1867-PEG2-JQ1),
T EEMINERIERGEH . %0 THEAND)
RESRAEL R - JQ1ZE A IRy S ME 45 5 1% N ' 2 1) BRD4
T (BETIREMIRZR L ) AP1867 45 K AL [r)
5 AR AR FKBPR OVl & 8 (. 24 NICE-011A]
S 4 9 e 2 S B, NICE-01 7] K FEKBPPVHRid
R B A ] PR . SEERISE, 7R SVERE
4 1 1fiL 955 (acute myelogenous leukemia, AML)fE !
HNIR I R B0 374 NPM 1 e Gl i B T B iR )l
B NICE-OM I3 e AL B A% N, FEHEA N BRDATE
W oy TR R . X — B EA AL IE T A A 5
B T HOX R F 7% Rk, T 5
A IR AN A A RIBE T B2, A5 2R R S0K FRB4S
P35 B AR AP I 58 AL A5 5 (40 TOM20 85 [ 1) %5 fist
X )il 3Rk, i FRBEE 4 2 T 2R bR AN, IF4
FKBP12 5 4% 4% 5 [ (green fluorescent protein,
GFP)Fl& R i& T 45t v, T2 n] # 3)) 1) SRS AR
HG. MMARapla, HAE I REM HE [FI) 454 FRB
M FKBP12, £ FKBP12-Rap-FRB= 0 H &¥. %
HE YR X3 1 M5 ) M JE FKBP12-GFPJa) 45
KA A w4 SEBL T GFPAE 2R 4 2 1 B4 S 1
RS, fif vl 7 AR ER 1 5t DA i) 28 R (10 A 3
332 sHAREEGEALAE AT N IER I
R 28 Ik IR T RR S P R AR A o ) o A 4 B L Bk
e B FCHIBATE R T /N FAR RGN K B IR B —
I 75 544 & (small molecule-nanobody conjugate
induced proximity, SNACIP), % & Gifili & CIPIIf i 75
SHEARL GUORPUARIL S TR A DL AR 25 K

BN A IfIE = RHOR, JFA =AM (1) g8k
Ui (i FH Sk E B r AR Xy Bt (VHH), 7 &1k
M7k rtEas & WIRELE B, TR ER B 2)
Iy AR - KoK ik 5 55 € B i4 (40 TMP) 3t
Wiz ; (3) BRI i B S AR+
KRR 5 FEAE (cyclic decaarginine, cR10%)SZELIE A
U R (CF 221 <10 min). HENZEISS , H A
SR IABE I s, B SNACIP 7y 1A FH gk
Pk gh & WIREERR, BCR 45 G5 € 5 1 (W eDHF R
HEAAET), M A I, AT SEI IR R B
SEANL HIFRAE , FHI S R BT A 22 73 R 9T A
FSG, A5 Joe 4 L ) B0 55 41

BeAh, WEFEN ST 1 R 1) E A O T
(targeted relocalization activating molecule, TRAM),
it CRISPR-Cas9# A FKBP 127V B EcDHFR &Y
RIS N R AR SR B (B PRMTY SOST), fHLAE
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A: using small-molecule inhibitors to block nuclear import or export pathways, thereby altering the nucleocytoplasmic distribution of proteins; B: using
small-molecule kinase inhibitors to interfere with signal transduction pathways, indirectly affecting the localization of downstream proteins; C: utiliz-
ing nanoparticles (e.g., mesoporous silica nanoparticles, MSN) as carriers for the specific encapsulation and targeted delivery of proteins; D: employing
chemical inducers (e.g., the NICE system) to promote dimerization of two engineered protein modules, thereby redirecting the target protein; E: using
specific wavelength light illumination (e.g., the pcDH system) to induce conformational changes or dimerization of engineered proteins, achieving spa-

tiotemporal control over protein localization.
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Fig.2 Typical techniques for manipulating protein subcellular localization



57 S 5 A I E A R R E UMY IR T T AR

3359

®1 AEEARTAREMRARIERNG REMS S

Table 1 The technical mechanism and advantages and disadvantages of regulating protein subcellular localization

BRI REBA/ A PRI e JR PR 275 R
Technical category ~ Representing technology/tools Mechanism of action ~ Advantages Limitations References
Inhibitor SINE Blocks XPO1-medi- Broad-spectrum Restricted to XPO1 [9,22-24]
(e.g., Selinexor) ated nuclear export anti-tumor effect and dependency pathway;
of tumor suppressor simultaneous restora- drug resistance; off-
proteins tion of multiple tumor  target risk; adverse
suppressor functions reaction
SINI (e.g., Importazole, INI- Inhibits IPOB1- Novel therapeutic ap- ~ Complex mechanism [25-26]
43) mediated nuclear proach of action, challenges
import in target selection, and
potential toxicity and
side effects
KI (e.g., Palbociclib, PP2) Interferes with Well-defined targets Drug resistance and [27-28]
phosphorylation-de- and mature drug de- off-target effects
pendent localization velopment experience
signals
CIP TRAM/TCIP Uses bifunctional Potential for target- Off-target effects, [32-36]
small molecules to ing “undruggable” insufficient spatiotem-
forcibly bring two proteins by enabling poral control accu-
target proteins into “editing” of protein racy, and low in vivo
proximity localization delivery efficiency,
metabolic stability, and
immunogenicity
Optogenetics & pcDH Uses photosensi- Extremely high spa- Need for importing [37-38]

physical control
technologies

tive protein domains
to control protein
conformation and
localization through
light irradiation

tiotemporal resolution
and reversible control

exogenous proteins,
phototoxicity, and
limitations on tissue
penetration depth

4.3 I&AREE LS HHIR KRR EHER)

proteome structure and function [J]. Nature, 2016, 537(7620):

347-55.
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