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High-burden protein homeostasis: An emerging therapeutic target
and research progress in multiple myeloma
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Abstract: Multiple myeloma (MM) is a malignant hematological cancer that originates from plasma cells in
the bone marrow. The disease is characterized by abnormal proliferation of clonal plasma cells and excessive
secretion of monoclonal immunoglobulin. High protein load is a common feature of various malignant tumors,
resulting from abnormal protein synthesis, folding errors, post-translational modifications (PTMs), and imbalances
in the protein degradation system. The bone marrow microenvironment also plays a role in these processes.
Interestingly, while high protein levels are toxic to normal cells, cancer cells actually rely on this stress to grow and
survive. MM cells, in particular, produce large amounts of immunoglobulins, which contribute to their malignant
progression. This review provides a comprehensive overview of current and investigational treatments for MM, as
well as the key molecular pathways involved in maintaining protein homeostasis. Special attention is given to the
role of PTMs in shaping the high protein load phenotype in MM cells. These findings are in line with the
traditional Chinese medicine concept of "cancer toxin" and may offer new insights for developing therapeutic
strategies that target proteotoxic stress.
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Figure 1 Regulation strategy of protein homeostasis based on ubiquitin-proteasome system. A: Protein degradation mediated by the
ubiquitin-proteasome system; B: Proteasome inhibitors exert significant therapeutic efficacy in patients with multiple myeloma (MM),
particularly those harboring specific genetic mutations, by interfering with intracellular protein degradation processes (the red arrow
indicates activation); C: E3 ubiquitin ligase modulators (agonists and inhibitors) regulate the key enzyme in the ubiquitin-proteasome system
(UPS) —E3 ubiquitin ligase—thereby influencing the ubiquitination modification of target proteins and modulating their stability,
localization, or function; D: Deubiquitinating enzyme (DUB) inhibitors are a class of compounds that specifically inhibit the activity of
DUBS, exerting their effects by interfering with the UPS or other intracellular ubiquitin signaling pathways; E: Antitumor strategy based on
proteolysis-targeting chimeras (PROTAC) technology; F: Molecular glues work by promoting target protein binding to effector proteins
(e.g., E3 ubiquitin ligases), thereby inducing target protein degradation or functional regulation; G: Heat shock protein (HSP) inhibitors

suppress MM progression by disrupting the chaperone network and impairing abnormal protein homeostasis

RIETIFNE CENEEH L. R i Je For —ARAT 2R
Y D % (pomalidomide) B 23 id 5 CRBN 45
&, B E R E G (W IKZF1/3) BIBEAE, MR 3% %
P VR T S PUMR /E Y. CC-92480 (mezigdomide) &
Hr— A CRBN W15 71, %F IKZF1/3 [ B fif 3 11 5 0, %F

X e P TR 25 MM (>R J08 88 e /v 1 e it 247) E'w%iﬁ%
711, CC-220 (iberdomide) A PL4E fL CRBN 45 4 fi
77, 34 5 R P AE %%%?MM%HQ%%%—E%
F I PR GG H Y, X — 2K E3
V2 3R % FE Bl R YT 7R I PR ME — SR A Tk R K




- 1938 - 242224 Acta Pharmaceutica Sinica 2026, 61(6): 1935-1949

MM G T 25 28000, Fe s T 2 F 1 T — AR HE a) 2
FI B AR 23 TT R SR A 7 3R B Al 5 S B A%
1.3 %32 &1L B8 (deubiquitinating enzymes, DUBs)
HPHIF

DUBs & i 2 2 Fh & 1 i 1 #rig, 762 41 i
RERR VR IR . 02232 FALEE USPT Al Fa e i B
H MYC, J5 & 72 JX 20 Jif Jeg 38 55 F1 % 7% 16 G B R+ 2
—PU, ., At DUBs WU i (- 47 #0098 28 1 %0 52 B&
fR T R A VE B . LLUSP10 A4, ‘& Al R e i eg
il K- p53, 7 1k H A 2 1 A B, AT 4 47 40 i A
AP, USP9X Fil JOSD2 % DUBs i il 1F 7] 1 44 YAP/
TAZ AWMLz F A4, s iE 5 D68, M fe it
i JR ke B, USPI W] 232 % 1k Fanconi %% Ifil #H 5% &
F, AT 36 58 & B DNA #1405 1 BE /1. A &,
USP37:ifid f& € CDT1 & A W] 5] & it £ DNA & ], &
HIEFHA AT E . Hoh, USPOX FI USP10IE 2 5
SMAD4 1 223z AL A2, K¢ 12, DUBs O AR
DR P 1 4 i AE T ) B S 4 D 1, o o 5 e U 4%
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Table 1 DUBEs inhibitors

2017 4F, 53— @K % 254 USP1 #li 77) KSQ-4279 ik N
I R 3 56, 2 1) BRCA SR By Y W 3 S 4 s & o
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13697 F B . PROTAC 4y Tl i iE 2 E3 12 3 1
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CL T B A F PI3K [ il . Li W@ b B 5 %

DUB Inhibitor

Mechanism

Development stage

USP5 Mebendazole Targets the USP5/c-Maf axis, disrupting c-Maf transcription factor activity and Preclinical
suppressing cancer cell growth

USP7 P5091 Enhances Maf protein degradation and increases polyubiquitination levels Preclinical

USP10  Spautin 1 Downregulation of the MM transcription factor IKZF1 Preclinical

USP14  VLX1570 (NCT02372240) Specific inhibition of deubiquitinases USP14 and UCHLS associated with the 19S Phase I/II clinical trial

UCHLS5 b-AP15

in polyubiquitin chain accumulation

particle induces accelerated proteasome gate closure, resulting in a marked increase

Preclinical
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B KAV B A A 48 1 55 [ T+ Tkaros/Aiolos, & 3 198 MM
a0 MU T . W PR AT BT FTUE S5, MEZI 5 Hb 2 oK fA
(dexamethasone, DEX).PIs 2 it CD38 H.H1 1t FH v 7= A4
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XN TES 5EERN 2 MR, BN e s
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Jo A DG, it e S e AN FL RS, HoH, HSP9O Al
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HE o kAR AR JERY. B4k, HSP70 R HSP27 ik B Ji
T E T8 B RIA BRI AR P U B S KT AR e T
Pt A S5 AL ) 00 st PR 20 PR 1200 RAR PG R
% (geldanamycin) 72 &5 — fX HSP il 7', {H H A7 78
VAR 22 T BRI SR AR B, I8 W] AR I I 55 B ML O
HSP70 FHSPO0 ik, Mifii 51 &2t 25 1. ik, #fF 7t
N 3 i 45 R s FF R H 17-AAG AT 17-DMAG %567
AW, XA — R LR T AR A R
TR, B A R B F Yk HSP70 A1 HSPOO id M PE L i
], B AR 4l AUY 922 STA9090 PU-3 F
XL888, F R ¥ T 1ZMERR, /3 259 Ok N e R 56
B B (B 1G)o LS5 #IR 50 % 5% Rl 7 1 (heat shock
transcription factor 1, HSF1) [¥J 4 iE J7 ¥ 475 & T Il IR AP
B B, A0 OO RS VR T I — FIR A AT S 1 7 2R
HSF1 A& — P Jo B A 1 3 S IR, LR 1R 7 i 21,
3T W iR OGE ) B B HSFL 40 ) 5, W DTHIB A
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Tk 0 LE Wi R BT 0 0t 9 rh 7 R R R A K I
IR R R R S, R X OE A U EE R
KT, A NS, CCT361814 L HE N T Il IR iR
5o B IR T R LR 2179
1.7 BE-ABAEEEREAR: 28 ahESME
iR O T R B

TEPLA SRS Hefil b, R 2 37 B B AR A



-+ 1940 - 242 %4 Acta Pharmaceutica Sinica 2026, 61(6): 1935-1949

Table 2 Blockers of HSPs in cancer treatment

Molecular mechanism

formation

HSP depletion and induction of apoptosis
Blocking the synthesis of inducible HSPs
Inducing HSP90/ phosphorylation at specific sites to facilitate apoptosome

Downregulating HSF1 downstream proteins

HSF1 DNA-binding domain'®’ Inhibiting HSF1 transcriptional activity

HSF1 DNA-binding domain'™ Inducing degradation of the nuclear HSF1 protein

Disrupting the multi-chaperone complex and triggers HSP90's client protein

degradation

Substance Client protein
Qurecetin HSP27, HSP70, HSP90“®!
KNK437 HSP105, HSP70, HSP40'*"!
Triptolide HSP90“!
KRIBB11 HSF11
[HSF115
DTHIB
17-AAG HSP90 ATP-binding site "
Ganetespib HSP90 ATP-binding site "

2,4-Bis(4-hydroxybenzyl) phenol HSF1!

residues

Dorsomorphin HSF17
Cantharidin HSF17!
Rohinitib elF4A

Disrupting HSP90's chaperone cycle
Reduced levels of HSF1 protein along with phosphorylation at multiple serine

Suppressing HSF1 activity by blocking its accumulation in the nucleus
Suppressing HSF1 independently of protein phosphatase 2A
Inhibition of the translation initiation factor eIF4A leads to inactivation of HSF1

15 7 VR IEAE AR PO 25 MR A%, 9 IF R PROTAC
S HE R P RO A . BEAE X B - REAR R R
(autophagy-lysosomal system, ALS) #ff 70 IR N, & T
T RGRER A 0 R B 0T B e LE R B B A 4 2R A AR R
BETZHORMA A, HEE EERTRANEARE
fATT . S AR 9] 4% S 4R (Iysosome-targeting chimera,
LYTAC) /& ¥ % M — R E A M LA, e RufE 4
PROTAC G i B [ J/M0 4 8 B3 1 BR 07, B #f,
LYTAC "] &5 & 3 K EH B Bk sk o~ 7 &H
JIRUS . SR, PO A B @V B2, /N oy -1 HE AR 1)
AT R A, LT, BLIK A R A S R
T 1T 9 B8 LW Sk Tt — 5 2 B
(Erbitux®) {1 1) LY TAC 7] 45 57 PE B fif EGFR™, 75—
Fi 55 4T PD-L1 F K A5 5% (1) LY TAC JUJ 7T {2 i3 PD-L1 11
TEBGRREARSY . AR, FE T E VA BE A B )
Be e Adrmal, 4 EWERENED
(autophagosome-tethering compound, ATTEC). H I ¥
[8] ik & 1K (autophagy-targeting chimera, AUTAC) 1 5
g 4 ¥ 246 5 W (autophagosome-tethering compound,
AUTOTAC) %™, ATTEC i T H # 45 & H W 52 1
LC3, filt & 40 g P 82 8 i A1 3R 22 3 o 4 Jo 1 B A
AUTAC JUIF I K63 3 4% (11 2 12 FR AL AR 10 R S LIk #%
PESE I iR . AUTOTAC MK SQSTM1/p62 E &4
I3 E R AR R o 3K 3 i B e )3 o AN R LS B
S R SRR T R SR R R 4 0 2, BA VAT
% Pl 98 1™, L AUTOTAC N, &5 5
F W $E ) Bt /& (autophagy-targeting ligand, ATL) 14K
2k & BLAA (target-binding ligand, TBL), fE [ I 25 & %8
A M SQSTM1/p62, T /& Al # LC3 IR = &4, M
T3 2o ) R 3 A A A T o 2R S5 B0 R ™. 7ERE
B AR BOR TR R 4 R, AH EE PROTAG, 1X

3 Tl AL Wk A AR ) LA B I B A A B R B e ) K
RE, T LA O L — B bR By 7 A IR i 245 1, A4S MM
TE N P g 4 (1t 7 SRR i 24 350 1B S B, R R I8
iob I R 8 41F G 22 A VR RN B FH 24598 73, [R] B 8 P
PEAEIbR EP AR SRR YT

2 EARBEEETREFSNTEARSHXRE
ISR

A VR A TR I, BT R R A R A A
PTMs A4k MM 28 g P 1) 25 A o 28, 36 B 4542
MM 4 IR EE5E, R R A B R 2 . PTMs fE
N E AR O ER T, REA8 35 5 8 R
MERE R 5 DR RES . Bk 2 (1 IE 48 2% 1,
PTMs A A% 8 A i 3R 1 “AB 17, B2 —Fh 3l
RSy 17, R U B B A AR AR L
S 60 7 57 B A P, DT RS S b 8 42 4 A 5 e 5
JEV BRI R R 25 2 P AR A iE B0 IR A 2% T A
0 B 5 R P ML, A 45 4 R AR 0 TR LGS N AP IR B AR
A IR 5 T R A e M, IS R PR 5 o 9 PR E
R (2).

PIMEE R B o T2 MM MEB R, FE A
328 MBI ML FAB M 1“5 N7 (writers), £ 5T i1
Sl R AB S U2 IR 8 B TS S T i
(readers), PL J¢ £t 57 25 BRAZ M  3h & i 4 B 2 D RE 1
“TEFBRE” (erasers)™ . FL—1 8 (1547 m AT # 2 PP
) A A A Y, 3K e & 2 ] BT B AH LW i 35w 4, 5
Wil £ [ )53 14 D se AR ELAE D RIS, 53— PTM 4%
ity 9 AT AR AR 4 B BE (AN R, R FE AN R B B s
T EIAS TR T RET . PTMs AT 380 B0 #1145 538 % . ok
R AR-EAFRAALER R EAREH, iE S
T IR, R4 2 PR PRSI AR R R R
5y K2 (1 3).
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Figure 2 Two contrasting archetypal regulatory modules: Post-
translational modification (PTM) -activated and PTM-inactivated
degron systems. A: In these systems, specific residues within target
proteins are modified by writer enzymes, generating PTMs that are
recognized by E3 ubiquitin ligase complexes. This recognition
leads to proteasomal degradation. The PTM-activated degron is
initially inactive but becomes destabilized upon the addition of one
or more PTMs; B: Conversely, PTMs appended to specific
residues of target proteins can hinder their recognition by the
protein degradation machinery. These PTMs effectively inactivate

the destabilizing motif, preventing protein degradation

W55 AT 50 PTM {5 5 X 2% B A AN R N, R
KA B K R AR X PTM i 428 B B 57 1 12 1 5 =X 1) 61
HOIRIT K™, JE R, BT HE S A (high-
resolution mass spectrometry, HRMS) ] 25 [ Jii 41 %
RAE & B 7040 & 1 H3 B i bs i 77 T & 75 1 B 2 4E
FHEY, B O T2 W 5K PTMs Ab, — S8 Z 45 (H 1 R 4
AR BRI IEGZ 20E . REHIC%E
& H I 300 A [E] 9 PTMs, 1B BT 5 AR R #1, XH
DR A A Z S 2] R AT . MM 4 i R OK &
I Wb T [ S R ET D (MR ), T I R 1 B A AR
AP @© 4 BN B R TS B N (unfolded
protein response, UPR) ] IRE1-XBP1 i % ¥ # I
RRF 22 RT3 S B T @ BRI AR K R
MM 4 fitd xof 2 5 T A 41 ) ) 0%, LT 24 1 T R ol i
R /NE (aggresome) JE BB H W& R0 G 401
EAE W 4% - HSP90 . HSP70 %5 {118 & (1 76 MM 1 i %
I8, BN TERE & Pls (W& 12 2K) 2 IR IRE A, 5
i 245 14 [ @ % th . PTMs Al i 47 nf 88 AR S /2 MM
KBS m, (HB VAT I 2500 B R . ARG T
PTMs /£ MM o (I FIWFFE S 4500 F .
2.1 BEBEAEGRIESHEERRES

TRAEZH DL DL BB " B N 48 2, I BORIE T1%

Gt vp 2 I T (R T /N A T = A R N IR ET, 1%
SWEANF MM I REHKE 2 475
AR, M AL RS Fr 178 76 2 000 R4 MM 5 45
HE W& (colorectal cancer, CRC) S R HEHR F, T
i e 0 A A 3, i 2R ) R R A R A T TR
Tt % #2 B (glycinamide ribonucleotide transformylase,
GART) 1E A = S84 2 f 1) 78 76 0 050 A 07F 7 )
e R BT GART B A %737 1) FF B 6 B g Th R, LB
W VEHR O AT T GART & 1) E948 A7 i« ML 513
B, GART i@ i L 4 % H 05 4% 4% Wil 7% 1, {2 3F RuvB
like AAA ATPase 1 (RUVBLI1) & A K7 £ s FF 364k DL
o B (AR e M, T S IS Wnt/B-catenin {5 5
B S MM AT CRC M, 2200 A7 0
%, A\ 5w R & 1R, ¥ & BT 8815 GART 24
VHs 3% ih %E (pemetrexed) I E AL M F Tl IR, £ 5
JALFE CRC FIMM 7E N 1 10 AL
22 BESFHERFUEEFAHALFES TSR
SEERS

FFRE DRI, AR Gk 24248 5 HoAh 2k
A PTMs A 5[ MM LA T 3 5 . RERIE T L4
HH 2 “UE TR 135 PR /N o IS PE R B R (bufalin),
T R R R R, OBV TR EE s A U
FEAR LS Rl 7 AHAL /E N bufalin #5088 4F F#E 5.
fEN“E AT "HSPIO 4 F 18 & & W i 30 [
T, AHA1 i i 0% HSP9O, ## 1fij {2 i CDK6 i iz 14,
B 5] K MM MBI 5 . AHAT X 4ERF MM 41 g
F AR (BRI & CDK6 S5 41 il i H & (s ) KIF =
BAEMH. EFXRUW, SR HH AHATE R
1BIT MM [FHT e lg o AN G 1 T AHAL 7843
T AR KU-177, KU-177 7E4 Y A0 R B 55 35 19 L
Ji e 9 M, AN AN KB I MM 4H B 3G B, 8 RE A
iy 251
23 BEEHRZEZWARSLFERRTS

ZR-EAME RGN 35 E A2 R E
g . B, ERAIZIE MM 5 R A 1 3 s 4 308
FEd R, AR A AT R T — Uil sl AR R, B
TEHR N MM 8 2% 7 T B B R i) 52 =428 &
WABHA DB YE T #E 05 . JE T il B Rk 45 R, AR [
PN R Gl T B3 72 % & E I RFWD2 /£ MM H [
K %A ML, A I R 57215 3 00l & ok (— 4
BT AN P AT AP T T R A E AR . M RT 1
Ft CIE L, REWD2 Ge % (R4 MM 41 i 0 T &5 12 K 15
5 PR B 1 T A AR, DTG A6 ek T3 4 0B B AT T, 4 220
PRI FEY . R R I R R AR B, RSB Y
AR VAT 15 56, AR 3 — P iFEsL: B RFWD2 &



- 1942 - 242224 Acta Pharmaceutica Sinica 2026, 61(6): 1935-1949

O T

APC/CFZRI f
e
P-inactivated
degron
(Gemn )"

&

A

4 P-inactivated degron
e O
o) SCFFB¥o1

{ )

{

SCEFBXOll
“‘ Ub
\ BTRCP Ub

30 @

B-catenin | — [ p-catenin

APC D C CK1 D <§s1<-3f§ 2)
Axin

P-activated
degron

A
degron

/V

degron

PTM-mediated
protein degradation

Ac-inactivated

Me-activated

PP2A

FOXO1 |[— ( FOXO1

Figure 3 The diverse molecular mechanisms by which PTMs can regulate protein degradation. (D Decrease affinity to E3 ligase;

@ Increase affinity to E3 ligase; 3 Modulate accessibility by altering solubility; (4 Internalization of receptors; (3 Change subcellular

localization; © Alter affinity to writer; (7 Prevent phospho-activated degron; @ Decrease affinity to E3 ligase by other factors

Sz BRI FE AR 4E R MM 4H i 8 1 5 67 e i
A O N 2, S AEHE B i R AR O R PY.
B A5 A0 Ik B S MM SRR AE 22—, SRR AT
LEIRJE T 40 B SRR R AR o I — R AR I AT
¥ REWD2 1 324 — AN 208 R 7 58 /L, Mol 1z
FAABMRAE S MM i ML ) O B R 4% B 1R R I
X, AHE A T TS R T B A S T A
24 BEEHRIBNBAESATERRS
A LA — Fh 0B R S A2, B ST
il A St 2B R, MR R £ B R # B (lysine
acetyltransferases, KATs) {8 tbAF H T~ sz 8P, &)

RILTHE A, Z AR A 2 Gt JFOIR A AL R R4 .
5 & 12 OBHLEE (histone deacetylases, HDACs) 2
[FAE Rl s, FAER O R 2 MIEHEA, &
FEAR U AN 45 4 B 1, S8 R T Ve M AR e 1 MR ELAE
FAS R 40 fR D R, 728 B A h R I EAEH .
AP\ S R AT 5 AR OB S B AR ASTE MM K
AR R TR AR B, RILN4A- ZBEHL T (acdC) & —
Tl E NAT10 A6 T% 1516 ol 22 H v B AR < 1 RNA WU
WAL CT, 2 H AT mRNA M — 3 &% B0 2 ek &
i 2, HAE MM AR LR A WF S 4kaE . HLI T 9
KB, NAT10 i@ 3 5% CEP170 [¥) mRNA Z B4 K 1
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i 2F G 2 1 M R, 2R T (R 0 MM 4 R A o AR, AERR
MM 2 g 25 1 7 B 0 g AR LY. b4k, AT BA
i ] WY 41 IR 7 AIMP 9 3 H3 48 3 LB fE, fie it
MM 48 g 305 P4 14 58 AL 3 26 2 AR B 2 kAL &
AR MM & AR A TR 1“5 797 07, o FE AMY
TRAL T 0 5 AL ) P B, B O T BB BT 1 4R
CNE S
2.5 BiESUMOWEESREERRS

Bk 7 A SCEE R 2 Bl PTMs 4b, UPS R 4t [F Ff %2
B —RER > T ENZIRBBMRETE . XEBmha
F& Nz FFEA2 1 85 A (ubiquitin-like proteins, UBLs),
11 SUMO (/Mz 3= FE A2 1 #)) - NEDDS . ISG15. UFM1
AMIURMI % . i o282 1 B ) 40 BARE B, X 48
UBLs B % 5 i He b5 [ AH OC IR 5~ 10 &5, AT 15
frig! . FEX ik R, RS R SUMO LR )
Wil 22 48 ¥ Hobn il Az FACKT R, kT 51 3 8 B
PR AR 1 SUMO E3 3% 2 i % PML-RAR £ ([
SUMO AL A& M, A H A L 3 W) b 32 B 072 R AR %
fily RNF4 12531, 4k 1 2 3R A IR 8 il 2 B g A4 & A2 B
iRt B ELEAR R B A AL, SUMO IE w] i i [) 452
J7 S A AR e . RIS BRI 257 ROK
Al e 35 AN 43 A R OK A A AR 4, JE e 2 e
e O % R I SAET (SUMO W% i 7 2 1) Ak
IKALBR R 758 ¥R bR, I3 — 2R B 7 BKK AL B i 4
[ SAEL, Tl SAEI /v 3 i) MM 4 58 . A 70 & B :
SAE1 @ i SUMO 6481 p27, i 3k 3 % A2 ¥ — W AH 4
B9, RUWA p27 1R 40 MR A A1 8 e Az, 8“4 S R R
p27 RAFAEIEAE F, 43 MM 40 J S8 R 3 5 A it
SUMO E1fi M 2% /£ MM Hh 85 1 A AS (R R 2 4
PP B, & — MR BRI AR .
26 BEENWAESATERRS

PR LE MM b T B A, R
HUHIE B A R B 3 1 BT 40007« A0 A 5 JE i
FOBL AR A BT R, B A5 MM 2 e IR
i 24 A0 B B R i R B B A AR
4 (reactive oxygen species, ROS) B 1% 14 % (reactive
nitrogen species, RNS) & &AL 144> HIMEH T, kA3
PrAB LS A OB P 2 o X 2 — SR Y AR B B0
PEJE &1 (non-enzymatic PTM), 18 & & A4 15 85 i [
B B AR R AL b, Wil B Z R (cysteine, Cys). H i
Z R (methionine, Met) l§ Z 2 (tyrosine, Tyr). tA & IR}
(tryptophan, Trp) FIZH 2% (histidine, His) %", [ A
ERV &N SRR SV EC//lie PN AR ki
MM i $E A5 % B2 L 1% i S5 A6 I (PNPO), 1UF S PNPO %
HDVL3 # 1 M282 7 5 8 55 H 15 GSK3 I 45 &, A

1M 5 8 S Wnt/-catenin {5 5 I 1 c-Myc 3 [F &
K. X I R M BOE K 4E R AT ER, B A 9 MM
T 36 5 e S B PE R . S b i« 2 25 5T F 7 I
PNPO, [H] B 41 1] MM 41 Jf A1 8% & 40 g = PNPO 25 [,
“—H T F R MM R s
2.7 BERRISSIA (degron) &% PTMs 2 [8] HY &
P——LAMYC F1 p53 K15l

RAE FR B PTM 288, H AT &S24 52 1)
PTM 17 i 0 326 8 N 2R 4 i 2 1 2 TR ) S 4, 3™ &2
T 2 MEME 2 MR 3 A8 TR TR R E AR )
RE 5 T A EE T E . BRI, “PTM W48 7 (M 2 3% W 22 3|
HAN, BIAS [ 28 8 44 1 38 2ot i [0 sl 6t B L o) 3 ) 52
& (AT O, BAEH EAR E EE. Rm, BT HER
FVE ¢ F BRI PR ], H A 1% 48 04 2% (1) 7 45 1 %) 475
BONABR, RAEIMYC FpS3 &0 R TR EA
REUAF TR IR )k
271 ZFHPTMs 3 MYCRREMAIEIE MYCHR
W B AT 2 MR E (AR B R AE . A R B S
[Kl, MYC 2 [ 1 3R IE 75 52 3 2 5 B A AL RS 40 1
P, DAIBE o A S B . o — S 0oL S s i
T58 1 S62 7 £ I R Ak LA S P63 A7 sl 1) i 24 2 57 1
AR AR E M X e AB A R 2 e R B I A
S ) B W3 1R 5 1, FE R R 2 MY C I B AR 5 9 IR A4S
DL T58 A% O B “ Wi B2 AL % fi# {5 57 (phospho-degron)
FE MYC P& i 1) B  fl, H 32 B HAh PTM 1) & 4%
FU, 4 SUMO E3 3% #2 i PIAS1 7] 78 K52 4 £ %
MYC #47 SUMO 1k, #9558 INK 1 /5 () S62 Bk k., [H
I ] TS8 A st (A B 4K, AT [F] B2 521 MY C [ A2 58
. R, K52 AR MY C I8 B il 51 A 58 4 1K it
T FBXW7, 47~ 7] B 1 7 75 H At E3 3% 2 il 5 B ACAL
HU, b A, MYC B RS SE TEIE 2 31 2 Pz K B3 1E 42
fitg & HoAth PTMs B A 3% . L BEAAE A — Fh E Z 21,
A i CBP.p300.GCNS5.PCAF Fl TIP60 25 {4k, #54>
HIHIMYC 32 F A0 B R, I Ao e 38 K,
FHR, 2% CIRAGES SIRT1 U AT {28 MY C 2 ZBE 4k - n
TR AR . SR, X 2, P Ak AS U G0 4] K 52 MY C
A E 1, HRTIAR 724 B B . E437E B2, HDAC
51 751 () Ak T 25355 5 MY C B 2Tk Ak, 338 17 bt % g,
PR MY C 8 A ] AFE B A Rz ) g1
2.7.2 pS3FREMAVEIEEG  pS3 /L 50% K
i HH R, A T R o 5 TR B M N 3 A% 0 1R 4
FMA AT 2% 5E Hps3 EZ41300 N PTM AL A, 2 2
Mgt FEENEAZ —, IR 2 EL R
S KBS RBTIR T o 4T p53 A HLE] 0T 7T
SCHRAM A E 2%, AR50 B 0 AR 3R M S AT 8
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pS3 S — Bl I 7 i JofogR 0 ot DR, LV 1l o BE AR
AR E MER PR T, AR ORI 30 R 4% pS3 1 E3
HE 4G, MDM2 A7 /2 i HARR M 02 22 0 H2 8, R
5l pS3 N ity 18~28 A G LM HEATIZ A, NN T2
A B AU, pS3 I C i IR AL 6 AN A B = R
BRIE, R FEZ AT . DNA #5155 S15
T8 AL A5 B ER AL, B PR MDM2 5 p53 (1454, M
FasE p53. H LRI, C w20 IR 1) £ WAk . e X i
FACFE I 58 pS3 AR E MY W AT R B, N i B R 1b
Y C Uy LBk 2 (W A7 75 Vr [F A FH, A7 3t 5] 2 3 pS3 1
Fasgtb. BEAh, SUMO tbFl H 34k S A s ifith 2 5
W% pS3 M e Mk 5 i Y. BhAbh, ZRF S5
Wil 1k 1] 5245 CBP, SETD7 %} K372 I H B AL A
AT p53 456 Y i, HALdk TIP6O [ 554 K H X C
vty HARAL 5 1) R4, {H SETD7 413 (1) K372 H &
HAE p53 R 2 B BARAE F A A7 13, AN R /) BRURSE Y
L5 Y1 i S 56 6F L S A AE TE A LT JE IS B, n T #E
BE A, RE LR PTM C A4 IE 22 511 p53
(R 5 Th g, B 2 T HLH A RN
3 RESRE

HLAESR, 76 MM 12 I 1697 A1 B 5 T B 1 2
Eitke, MGE T EFE WG HEK T A AN, MM
48R & — Tl LLYA A (1 0, AR AR BRAS7E T MM 2
AT I o KT IX — B AR, AT AL E R AE
)RR BT B I AE DR IR T RN, DAR AR B 1 F A
ORI EE W . REEZSIS OG- ciltE, =
BT MM A B [ 5 FE B A 1, 40 76 FR e R R IR 9T
FB LA T TE A8 RS .

BRI S E AR ik UPR, 4 il — &
TN 22w E B B RE A . SR, UPR Y H5 8305 7T
e 25040 A R T BT M R AN o iR 2 M AR
W, R IR A BT AL ek s, AT B A
5 A mf DR o X 2 S R SR B R 3T S B AT AR
N FREER AT 27, AU I A B it il 13, B AT
PR TR, MR MR kA SR EAR
fuf 1] 5 L 40 B Th e B A 8% A8 S, B 2 HE S 40 i 1
PR A . BRI, “FEA G ER, TS EUR R
VA IR S RE R AR BN . R, BIAR P 2
W SR NS AR SR R R E R R
B JERAE M. ST a5, W MM #EFR SAEL
4 SUMO &1, PNPO N A MBS, $& 78 MM 45 2
5 PTMs #H 3¢, [A] i MM Jj BRARAE 2 — & K& W M
WA, A B R A E AR N MM ) S
fih. 7E MM 4HifflH, M & 1 7 W AR S BUR BT, T2

8RS I AR S FUIR A o X U4 i i B g AR QR 1R
SR HLAR AR B, — U7 TH S RF MM 2 17 2% 4 3
AR AU =P A i 73— 5 T AN T 1 2 o 2 Ve ik
PRI RS B =) o B o AR e, S e R
FEA IR R B AT ZE 5 R S IR T R S A 2 R LR
JRUMT R S R R S AR R AR AR T
W, AR WU A s, AT IR BE T R ) H gt
WA K AL AE 7] SAEL 51 H SUMO {6 A2 i F 7l MM
(R PRIT 25K, A (1 BN 5 g 388 K 27 B g 2 B I v R 451,
KA & 253 7T 50 &0 MM B 3, 538 I RORE
R FEAR) B0, Joit AR A7 R S I KUY, g
=R B 5 IR EE S 0 “ B B SR R S A 4
G, NERAR MR R AR R R AL B AL TR A AR . @
TR FU PR 3 10 N 7E B R, A B8 5 0 4 T A 18 8
S5, BE T R B R ) P R R T SRS

BT A 0 R A 1 FE B AN TE PTMs (11 3%, 1%
2 MM 2R 3 0 i s B A P A B AR AR —
PTMs 145 £ 1 A28 1 19 2 RE AL et 40 P A 5 9
ST R H R B R A ST S R Y B RS
5 (degrons) LA R ANBIEFL, {H I 4F R K B FE AL AH
KRG U E fridk— DR . AL, BBt LR W,
PTMs & AT 38 i 52 W A 20 B 0 %, 45 85 1 i Ao
PR G e G R S B3 2 KR B S R 7 R 2
AR PR AR CE . T PTMs B8 (A A& e M 3 A R G
TR T H R AN S, FEBUEEA (R
T BT MR, S Z AL 505 L BT 247 55, 5
DLEL 80 R . R, 14k PTMs (1) B 2538 & A W 1
M4 A A, RIS 5 o 29 1 R0 . a0 850 %
S MYC I B AR O T PP2A N 3 1 L BERR AL, L
18 PP2A (1) SR W& 1 68 B A VA 9T MY C 3R 50 8 fi 8 1)
f@ﬁ%mo]o

JUEER B PTMs 18 245 40 75 1 PR 17 R0 35 20 I R 10 36
i o R T R, A 1) I R R A AT T I 3 2 Bk
a%, AP ] A BT AR A 9% PTMSs 558 K /3K 75
PE S P2 75 IR 2R SR 97 I 28 B R & i) T
PTMs X /= FE 5 ot B E o] 38 M 5 b 98 7 98 3% (tumor
microenvironment, TME) H %} {2 P4 38 4% 1 = 44 52 i
arAeT B A PTM 100 70 4 F S 72 AR ) SR s 25 M e bR 5
AN, AR AT e v s R BRI R AR 7L, RS0
fli PTM 1 4% J¢ TME 5 %3 %} 70 b 988 98 97 208 B 52
M 2

Bt & T PTMs ZE W) D e VR A BTIR N, PTMs
TEAERE s 0 fnr B AR S TR AR O M AL 8 R . e
JETE MM %5 LR (0 77 A 5 40 Wb v P v RN R AAE 1) %
PERMIR H, PTMs AR 2 8 A i i As e e 0 5 T
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ARG R — A2 AR A PTMs (W12 &
b B A WAL B RR AL . SUMO 55) TR 25 5
fFHEIJ:E’JKjJIu\)LXiJ%T’EMﬁ?U DL 7R HAE B A Ra S 4EHF
TR 2 SR A OC Y i[RI, 0 € PTMs 1)
B ) SR m%(ﬁ[]ﬂgi’fﬁﬁkb?ﬁﬁﬁfﬂ/ﬁﬂﬁ?ﬂﬂ NG T R fiR
I F R BR ) A EE N R A MM T 24 F1 52K 1)
AOIRIT AT . N T MR S M R 24 4, PR AR
A AR R 259 (n 2R B B A0 1 75 L 2 5 RE AR A
A 5 H AL 25 P (S 9% U ) L CD38 HLp .
BCMA HE[r)73%) B o ) F T3 1 AR WG 97 /5
HARSHRKEANINEZN, 5 PR RERE. ik
i 2B AR MR B, TF R IR Ry e MR IR R G, ANl
KRURL 6,25 25 W) A 5 BEVSE . A TR B BE R
Il R A 32 PR T B M BT 2804 R 7], 32 PROTAC s
LYTAC £ AR AL BE s ik 5 '?—fw%iﬁﬁ“ [F] B 2R FH 2
2 7 SR EAS AR 0 2, BEE 4 HOR (A
proteoform I J7 \PTM Jii i i3 /& 73 #r) AN T2 e 4 Bh
25 R 6 I PR K R, AR SR TN SR B S B
PTMs [ 2% ) 58 G ff 5, I 4% 180 A4 S 5 14 O 922 e S A
B AfREnC B aYT R, IMM EUE AR
ZRALRRAE 00 Jrb I8 B AL B v 8 AN A YR T T &R

VB TRk #0AF BEAEAS AR B2 b R AT T K 1 BRI
B, LR SO N BB SRR £ Bt BRI 5 18 SO AR 15
WIS 5 BRG] U R BT RIS
B 58K,
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