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Pharmaceutical mechanism of targeted protein degradation
technology regulating protein homeostasis and its application in
disease treatment
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Abstract: Proteostasis is the fundamental process by which cells maintain their normal functions. It involves
maintaining the dynamic equilibrium of protein synthesis, folding, transport, and degradation. Disruption of
proteostasis leads to the accumulation of misfolded proteins and a deficiency of functional proteins, triggering a
pathological cascade—a hallmark of various diseases. Traditional drug development primarily focuses on
inhibiting the activity of disease-causing proteins. However, many proteins are considered "undruggable" due to
the absence of well-defined binding sites or functional redundancy. Recently, the targeted protein degradation
(TPD) has provided a novel therapeutic strategy for traditionally undruggable targets. In this review, we
systematically analyze how TPD overcomes the limitations of undruggable targets by remodeling the proteostatic
network, covering the classification of protein degradation technologies, molecular mechanisms, and disease
applications. Furthermore, we explore the clinical translation potential of TPD technologies, providing novel
therapeutic strategies and theoretical frameworks for complex diseases.
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Table 1  Core principles and current research status of targeted protein degradation (TPD) technologies. UPS: Ubiquitin-proteasome

system; IBG: Intramolecular bivalent glutarate; BET: Bromodomain and extraterminal domain; TRIM: Tripartite motif; EGFP: Enhanced

green fluorescent protein; TAC: Targeting activated chimeras; RNase: Ribonuclease; MY C: Myelocytomatosis cellular oncogene; JUN: V-jun

avian sarcoma virus 17 oncogene homolog; PROTAC: Proteolysis-targeting chimeras; AR: Androgen receptor; DBD: DNA-binding domain;

ARTC: Androgen receptor targeting chimera; BTK: Bruton's tyrosine kinase; CI: Cation independent; EGFR: Epidermal growth factor receptor;

ATTEC: Autophagosome tethering compound; LD: Lipid droplets; PD: Programmed death; DUBTAC: Deubiquitinase-targeting chimera;

DUB: Deubiquitinating enzyme; CFTR: Cystic fibrosis transmembrane conductance regulator; TAG: Triacylglycerol
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IBG1 (BET protein degradation and cancer cell
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Recruiting antibody-bound target proteins aEGFP TRIMbody (specifically degrading [24-26]
for degradation by the proteasome intracellular EGFP in HEK293T)
Driving rapid co-internalization of a target ~ Diversing membrane proteins; lung cancer [27-29]

protein of interest and TfR1 from the cell

surface, and enabling target protein entry

into the lysosomal degradation pathway

Recruiting and locally activating RNase L MYC-RIBOTAC (breast cancer), JUN-RIBOTAC [30,31]
(pancreatic tumour cell)

Directing protein degradation specifically in ~Selective degradation of BRD4 in breast cancer cells  [32]

HER2+ cells

Recruitmenting of MDM2 induces AR and ~ dsARTC (prostate cancer) [33-35]

AR-V7 degradation by targeting the DNA-

binding domain (DBD) of the androgen

receptor (AR)

Trivalent ligand design (target protein + E3  Efficient degradation of BTK (DC50 < 1 n mol-L™) [36]
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Continued
]_53 ligase-dependent/ Technology Key mechanism Research progress/example Ref.
independent manner
BIOPROTAC Bifunctional small molecules induce Degradation of IKZF1/3; treatment of multiple [37]
recombination of natural E3 ligase myeloma
complexes
E3 independent LYTAC Bifunctional molecules bind target proteins ~ The Bertozzi team developed LY TAC to degrade [23]
degradation to lysosomal receptors (CI-M6PR) for EGFR
technology degradation via the endocytosis-lysosomal
pathway
AUTAC Bifunctional molecules bind target proteins ~ Second-generation AUTAC degrades FKBP12 with [38]
to autophagic tags and induce lysosomal 100-fold higher efficiency; Rube Ocarina's team
degradation after autophagosome develops polyQ-ATTECs
encapsulation
ATTEC Bifunctional molecules bind target proteins ~ LD-ATTEC degrades lipid droplets to improve [39]
to LC3, a key autophagy protein, and induce obesity; LLC355 degrades DDR1 to inhibit tumour
lysosomal degradation after autophagosome migration
encapsulation
AbTAC Antibodies bind to target proteins and then ~ Signal TAC platform incorporates lysosomal sorting [40]
mediate endocytosis to lysosomal signals; degrades HER2; 3-fold increase in
degradation via cell surface receptors (e.g. efficiency
CI-M6PR)
GlueTAC Modification of nanobodies to introduce Degradation of PD-L1; enhancing tumour [41]
unnatural amino acids, form covalent immunotherapy
binding to enhance endocytosis stability, and
couple cell-penetrating peptides with
lysosomal sorting sequences
DUBTAC Deubiquitinase (DUB) recruits chimeras and Stabilisation of CFTR AF508 mutant restores cystic [42]
stabilises target proteins fibrosis protein function
AceTAG Acetylation tag-mediated degradation system Tau protein degradation using acetyltransferase to [43]

tag target proteins
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The classifications and mechanisms of targeted protein degradation (TPD) technology. POI: Proteins of interest; Ub: Ubiquitin;

LYTAC: Lysosome-targeting chimera; AUTAC: Autophagy-targeting chimera; SQSTM1/p62: Sequestosome 1; E2: E2 ubiquitin conjugating

enzyme; E3: E3 ubiquitin ligase

AR R R AR AERE R A VA R T4, BRI R T E
Wi 52 & SQSTM1/p62 Fi 4% 52 45 H b5t 11, v] S X 25
WL AAS P 3% 8 P P ARDY . AE BE n) R A S H 7 T
AUTAC i& PR32, W BE A 22 300 8 1 X 40 i 35
Bl 4n, A1 153 A1 BRI R 1) 5 S i A 1 o e L ) R
A, BEARR 1 IR ) T IR R 1 I R 2 IR A S e
SRR TR A PR AA - B AE MR R 7 U3 R X
M, BT B iR T IR 45 ) 38& 1 4 (bromodomain-
containing rrotein 4, BRD4) %5 3UJ% & [, R AH
P2 5 2R v 7 0 O A OB T P 1ol 2 A% W % B2 B (nicotin-
amide phosphoribosyltransferase, NAMPT) 7K P11,
AUTAC A B3 I 24 5 85 B B AR HOR R PR, O 2 Bl
R IT T O RERTIEE (R 1, Bl 1),
1.3 Hft

H g A% B4 & ) H R (autophagosome-tethering
compounds, ATTEC) & T4 ig ALP, i i ¥ i1+ XL Ih fig
TR EASMEMKESD 1A/IBREE3
(microtubule-associated protein 1A/1B light chain 3,
LC3) Mfrz, 3 1M fis A B W A 0t o 22 25 1 1 60 28 % 1)
T AR 1) 5 08 B AR 1z R Sk T 4% 48 PROTAC
FAR XS UPS B 6 A% 48, #01 f mT = Pl SE b S L, 6 e
i FH ¥ A ¥ (lipid droplets, LD) %5 3E & (9 284 ¥ K 4

TR RS RR . 3 4h, RN AR 1) LD-ATTEC
JH sk B KA EAE e PR A LD, 5 5 L B W R A T
ANSE MV AT AR T, HL R B HS R 1 I A o B2
NHAEPR L RGARICH N T ) SR R4 T T AR, (E
582, 5 F W MK (intramolecular bivalent
glue, IBG) 1E Ay X 4 ] B M F52 A, 385 XLy e 49 I
&5 G R AR AR P S 25 M3k, 15 T R s DL
5 B3 72 2 RN AR ELAE F, AT S I A AR ) B
1B 1. ADTAC H2 A WU fil & 0 44 1) o i B 1k 5 0
i AL, B ik S E AL )G, M HMRR
[ 52 #4& CI-M6PR /3 N #r i 1%, ¥4 52 &4 is il 22 1 il
PR IEAT B AR, TRIM-Away £ AR F] F 40 i Py J5 % E3
2 FIEFLE TRIM21 5504k Fe B Re Atk 45, it
ZERMARLYG-EEOESY, BESSEAORGE
B ZECR IO TR B, T AEHo Bl N TE R R
REA T, LHEH T RAGEAER BN EET
POHE AR a0, 75 ON BT Ao b, i e SN
i S PUAAR BRI RT S0 H AR 8 B IR B A, KB R
YDA TSR AL T R, HAD T 2 H R W Glue TAC
W BOE KRG NIERRAER, B S EEA
HISL 55 &, 3G9 N B A€ 10, JF R IDC 2 i 28 JBE Ak 5 v
At A 4y 30 7 51, SEBIURRE AR 1 ) v AR B A (R 1)
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21 WERITHERR
211 F/RFGEERTE  EAD MR E R, B AR
A KRR N IZ 0 BURBLH, S R R K i1 5
TR R IR ORI, B MUK 352, 40 i A 2 1 5 o
BEG RGN 2 RO R R0 =R, FEAL A
TawfFE AERBEARER TINS5 RE, WRAH
P22 B 1 1) 5F RAR L A AL TR . 3l I T4
RO H 47 4E 5 R (fibrillarin, FIB-1) 542 %& 4 56
(nucleolar protein 56, NOL-56) ZH i ¥ 4% 1~ & A 4 FIB-
1-NOL-56 fE4E+F R H ke A R R REE . 1%
S E&YIE LA %A K R F-B (transforming growth
factor-beta, TGF-p) i %, Z 5 4 il N & 1 37 & P45 A
J oy b S ik B o 30 FIB-1-NOL-56 35 14 7] {2 3 1%
ABRE S S5 Tau 85 H B FEVEAE F, 739 558 UPS X 45 1%
P18 U 5 BRI (R, 38 REE B 1 W — VA T A
BT E A REETERAE T X [ e R 2 Ak
1] PROTAC 2§ %) ARV-713 3@ I fif Jii 44 K Jk 1, 22 v]
SRR ) 3 3K, $R 78 AD YR YT 7R TR 4 2R =
HIE RS, W2 AR T (0 5 i A A FH Bl i A Akt
AR A, He T PROTAC 245 W) (RS HE T TSR, 7 58 S
AD RIT IS (% 2)7* 7,
212 MHEFHRHE S HH (Parkinson's disease, PD)
1R Dy S A A 28R AT M, HAZ O R AL IE T o-
K% M (a-synuclein, a-syn) 5% RHE 5 L&A
JRARAS R . FEAFDIRAS T, a-syn DARTEPE AR TE 5
2 5 TP i N o 2 366 I R T 4% S DNA 118 2 i
#2,  H I, Gain Therapeutics JF & [ 1 kA5 44 & 4 1
7 77 GT-02287 1 ¢ itk Ifil fixi bf f& (blood-brain barrier,

BBB), il i 1k 5 % Bl 1 25 11 I A 2 0 I D e T ek
b a-syn ZEAE, BAT GE PD B W2 8 SO FN D REY
PERSY. SX FRAL ] 5 A% G i B8 ) 2R BB R AN [F],
Hiz oM EAE TR I Re 2 BB, maIEE kR =5 &
Fo DRtk 2R &E At kA, 300 T M R BB AT
2Bt ik, W4 PD IR IT S R B (R 2).

22 RERGRERR

221 ERUEMRTR  AERKIERTT R H AR
HB T TR AT 4E 41 B (fibroblast-like synoviocytes, FLS)
S S B AR U E AL ORI, R AT &
AR UPS RS [FI IR 30 HART 5, A28 E 4
1) -DRB1 3 A (human leukocyte antigen-DRA1, HLA-
DRA1) AL FEHiJF i 4l (antigen-presenting cell,
APC) %t R B 1 1R B i, 2R A iR 2 B 5
PUIR IF L 20N CD4* T 41, DR RHBIIE T 400 17
(T helper17 cell, Th17)/4# 45 ¥ T 48} (T regulatory cell,
Treg) . y% V- #7™, [FIN FLS P RF 4L F) 7Y iR 99 57 35 A
A 3718 5 A I M (unfolded protein response, UPR) 2k
R, Fe TR (R A AR S 5 DARPT I T2, X B AL
i, TPD It 2 A2 W A T Tl 752 IF S % SR U7 1,
CRBN [ fiff 77 (R T8 B3 Jiie 5T A= )l ok e i e o DR
IKZF1/3, i FLS H 22 22 7 7% 4k 85 A 3 (mitogen-
activated protein kinase, MAPK)/#% [ T - kB (nuclear
factor-xB, NF-xB) {5 5 /& 3, #E {20 & )8 & A
itg-1/3/9 J 9 5E R W1 1 40 -6 (interleukin-6, IL-6).
Jil 8 $K FE A 7 (tumor necrosis factor-a, TNF-a) [ %
ik, YR AR 2R, 4k, BTK-PROTAC 5 IRAK4-
PROTAC 43 il #8117 [ fi B 41 i G585 5 2 11 S E W 4
Ji 58 i B2 A AR AZ 0 L 4y, B I REL BT B0 M B & oAk

Table 2 Mechanisms and applications of protein homeostasis in neurological and immune system diseases. FIB: Fibrillarin; NOL: Nucleolar

protein; TGF: Transofrming growth factor; NF: Nuclear factor; TNF: Tumor necrosis factor; IL: Interleukin; JAK: Janus kinase; STAT: Signal

transducer and activator; SYK: Spleen yrosine kinase; AAG: Allylamino geldanamycin

Disease type Mechanism of protein homeostasis imbalance Related drug Target/pathway Ref.
Alzheimer's Abnormal function of the nucleolar complex FIB-1-NOL- Nucleolar complex TGF-f signaling transduction; [70]
disease 56; abnormal aggregation of tau protein inhibitors protein folding and degradation

Autophagy dysfunction; proteasome dysfunction; Bafilomycin-A (BafAl), NF-«B signaling pathway; [72]

abnormal aggregation of tau protein MG-132, PD150606 ubiquitin-proteasome system
Parkinson's Abnormal aggregation of a-syn; abnormalities in the UPS Ubiquitin-proteasome Ubiquitin-proteasome system; [73-75]
disease activators mitochondrial autophagy pathway
Rheumatoid Release of TNF-a and IL-6 exacerbates immune attacks ~ Anti-TNF-o monoclonal IL-6/JAK-STAT signaling pathway  [76,77]
arthritis antibodies
Systemic lupus BTK-dependent B-cell activation leads to increased BTK inhibitors, SYK JAK-STAT pathway; BTK protein; [78]
erythematosus secretion of autoantibodies; proteasome-mediated NF-«B  inhibitors, immunoproteasome

activation promotes the transcription of inflammatory immunoproteasome

factors; excessive activation of SYK kinase exacerbates  regulators

inflammation and autoantibody production
Non-alcoholic  Prefolded albumin forms albumin bodies in the 17-AAG (Hsp90 Hsp90-albumin body axis [79]

fatty liver cytoplasm, capturing prefolded CPT2 and leading to

disease mitochondrial homeostasis imbalance

inhibitor)
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A2 FEA UK Th17/Treg . PR3, $E 10 [ A5
T % fA# 5< K T 6 (tumor necrosis factor receptor-
associated factor 6, TRAF6)/TxB ¥ (IxB kinase, IKK)
[¥] PROTAC W BHLIT E3 4% TRAF6 /& [ K63 12 &
S 7 H BOE, A ROW i) NF-xB 4% % 60 LT i ¢
RE S B A R S, B 8 TNF-a-PROTAC F1
JiJRE $0 1) B 1 VHL A1 3 R 0 A0 2R 1 R g, Ao v
TNF-a /K-F BRI 80%, AT R FH W M1 Y 5 41
Mt Ak, BAFAR T4 e B 07 VL iR 97 ROREY (R 2).
222 RZEMLAWIRE RAMELHIRIE (systemic
lupus erythematosus, SLE) [ & H i f2 4 K i R A
RELEMVIRE BB AL &L, BFE BN
WIEW S BIZ PR K BUAEE DNA Sk i &40 i, TB
PSR S B S S TR T B /N IR JEEE, e o VT A
JRAMA L EE 25 3a (complement anaphylatoxin 3a, C3a)
JAMA I R 2 Sa (complement anaphylatoxin Sa, C5a)
SERAEAT T, U5 AR SR B AR S s[RI, A A A
FAAZ A0 1 R A AR 2R G T e R ARG T 3 3 E R
S PH, 38 AR A0 2R AR AR R A 4R 14 DNA it I 22 g
JoR, T S O 20,3 B R - IR R (2,3-cyclic
GMP-AMP, 2',3"-cGAMP) ¥ IR £ Bl — T Ht 3 4= [ )
BT, RAE TR T4 &K (type I interferon, IFN-I) K&
3 IF Y BOE R GEFR™ . FEIRIR b, R (E R
7)) B ALV Bl AR pH B DA 1] B R - A R
DR R 2 & 5 SR 45 M SR 32 A4 22 F1 3 (nucleotide-
binding oligomeric structural domain-like receptor protein
3, NLRP3) #AE/IMABE & A 40/ 2518 (interleukin-
18, IL-18) B, 1 UPS #1771 (0 >R 5K ) i i
BH W B 41 2 75 4k [Kl T+ (B-cell activating factor, BAFF)
5 H 32 48 BAFF-R &5 &, AT 41 1 25 20 1 20 A6 AN 37 4
Iy PN, AHEC 2T, TPD $35 AR AT £ £ 5 RS v 1 i 42 .
—7J7 i, CRBN E3iZ FIEL MR (dnyb A FE L 7 4
V) G I A spalt e 3 D] 4, BLIENE BRod BV AL Y
B 4111 5 A0, b BUR T B S BUiR AR B 55—
T, 731 SR Ag 77 (42 17 G1/S AL e R 1~ 1 AL &
Wy AT 5 3 R T/B 40 M T, S R e i 2
IRAK4-PROTAC (KT-474) 5@ 1 #0141 TLR7/9 T 3#15
T, BB RINE o TR K, B XL
BRI BE— 2 R AL, A 8RB AL G G % 30 1) 57
FEVRTT SLE J7 [H (1 J5) BR 1%, A 8 2 75 ok S 1) ¥R 97 ik
FRWE (£2).

223 ZEMEUE 2RV (multiple sclerosis,
MS) F AL AIARAE T 82 B BUA A5 17 5 poh 242 G i
T O R A . 7E MS B R A R R
o B0 R 5 A L £ A2 DX T TE Y B SR I

o #4 AZ O 95 B ER Y, K JE JE 2 1 4 (aquaporin 4,
AQP4) J N [ B2 5t 45 38 3 25 11 4.1 (inwardly rectifying
potassium channel 4.1, KIR4.1) /EAEE H GHi R, H
W H S PR IR BBB s, 5 30T bk A iR I,
HET 5| R BEEE I R SRR Y. BRI R E AN R
FR5 B W ) e PR dof e A fik 2 20> R I J5 240 L P J D) 8 35
5 ek A4, 38 T 0 NLRP3 48 AE /NMA 4 12 48 0
BRI BT e A% G0 T T SHE g% B R 30 0 2 il o 2 1R Vi B
PNESCNE, FAE AR AR P 100 5 2 AR A 2L i,
TV IR A A i R - 1B IR 52 Ak 1 T L BBk E2
4 Hf ) R R 2 R e AT Y. AR 1A Glial CAM
i 044 B NLRP3 00 1) 771) ] 1) 98 30 e 2, A b3 ik
18 251 R it e B 1 o AR A SR A ) A% 0 ) jEPT . MR 2
N, TPD BRI 2 4 FEva o7 DL 3y, FonT i P A 28
SEAS S AL E B (6] B 4 MG A6 -5 /IR 5 48 g 3
%) 8 28 e )T ok B0 1 R A SR AR AR (FIA LY TAC
P p62 B PROTAC # i) RAZHFE H IR A MK E H
W It B TR AR A T 1R M ) ) gk o o B A A
il (% fif LINGO-1 {2 3 /b 5% Ji Joi 4 it 43 46 )1 DA K% i
AN (Keapl-PROTAC £ 5 1% AT E2 A 5 [R F
2 O L4020 AU 1/ A A8 B 1A LR v
RN, S MS IR ST St 138 1 7 v .

2.3 BhE

2.3.1 IM&BRIE  UPS ThREZRIH X i 0 R AR L
TR s B AR AL O ALY FE MM, R &
Y1 SQSTM1/p62 PR & 1 BAA M &S AUTAC /1 311
2B AR PR PR AT B AR OC, R F MR -UPS 22 B
PEAEBIR R A I e s AU PR AR E, CRBN i
P 86 o 91 (>R I P i AT AR ) ] I R A B SR AL
IKZF1/3 4111 # 2% 18 5[5l -7 4 (IFN regulatory factor,
IRF4)/ £ 41 i 98 4 5 80 58 B (myelocytomatosis
viral oncogene, MYC) %li; 1M & F CRBN E3 iz & % #%
Mg 1) 40 5 B % 4 BE A B 7 (histone deacetylase 7,
HDAC?7) F#f55 B14, Al id /5 HDACT [Re PRz
FACREME, DL om A PO R 5, v MMUR YT $ 4t
7B R AU RO, 7R 12 M Uk B2 4 MY LR (chronic
lymphocytic leukemia, CLL) H, USP7 #Ifil| n] 5 £ 7L Jig
I oy IR IR 172 72 A B 25 6L RAD 18 2 A A 7E 1t
IR, M5 5 DNA 15 B2 i e (R R, B Rl 2
fit 988 993 7 B0 JE IR (myelocytomatosis viral oncogene,
MYC) (JUHAZE C481S FRAZAA) T 1 R S B W i 7% X
1, (breakpoint cluster region, BCR) {5 5 X #h J% ¥ it
J&. (HAFVE R M2, PROTAC £ A AT iy 20 b i By A A4
Je FEAG RUAT -1 1% 2 B2 ¥ (Bruton's tyrosine kinase,
BTK), FHIT Rl E A5 5 H Ak & 8 e i 245", ik



AR A B R A BRI 5 AR S 0 24 S AL B AR IR T v ) R - 129

&b, BET-PROTAC (1 ARV-825) AJ il if B4 fi# BRD2/3/4
I MY C % 3%, P [ 38 58 CLL 40 f 2% 45 " 76
1B R L7558, BOR % L BCR-Abelson B 4 B
¥ (abelson tyrosine kinase, ABL) @l & 2 AL i S
USP7 B 2 BRI IR, 3 0 H 2302 S A S PE DS PR
fig A3k 718 A [AJ5Y) (phosphatase and tensin homolog,
PTEN) )i 40t TR, T R AR 11 1005 40 A7 355 (45
SR, TEE TR AR BCR-ABL L[ PROTAC A]
e R AR T3 15T 41 24 ARk, FELWTE 5 % 3 R S
% 8§ 5 (signal transducers and activators of transcrip-
tion 5, STATS)/CT10 ¥ i 5 £ & 1 (CT10 regulator
of kinase-like protein, CRKL) 15 5 & ‘T I 4L L2 it 24 e
B AL OO 1T (3 3

232 B EE A SR F, Lue FE
71 B Y B A R KT-413 3 1 UPS A & A/ -1 AR A
K W M 4 (interleukin-1 receptor-associated kinase 4,
IRAK4) [% g, BHL BT NF-xB {5 5 38 B B0s, F i LT
R0 3% OB DA S i G 2 T B, B 5 3 R 2 R R

FRPERET: . 7EFLI BT FE K, Gan S8TT K 1) 2§
e AR AR ) T 32 P R R PN i X S8 7T AR A 4
SRR OBV WO 1/4, BB B IR 40 B A A R AZ 0
HUH o B4, Bai S5 T8 f [ f#% 77 BETd-260 Al il i
75 T IR 45 M 3855 1 4 (bromodomain-containing protein
4, BRD4) iz ZALFE AR, IF 5 B 4H L ith B2 XL (B-cell
lymphoma-extra large, BCL-xL) I fil] 71| 7= A& ¥ [F] £t 4
ROSE, A B R A A . B IR HE 54, CRBN
M 73 o At 7). (b M) T A0 A2 ) T IR
A IKZF1/3 5 1 8 N Lo, #0] ER LIRS 38 5H 5
40 T 1 4E £, CDK9-PROTAC (BSJ-03-123) i
i BH W RNA 58 & B B R AL, PO TR E A7 A,
1 558 58 ADP- 4% 0 3R & i 40 ) 77 BB AR 3 b,
BCL-xL-PROTAC #| H§ CRBN ) 1 2 57 #U ik IfiL /N
T, NEBEALRERA T s e e RG Ty
U AE BRI AL SR 1, Zhang PR B2 R AL
¥ E4A (ubiquitination factor E4A, UBE4A) 5 £ ¥
WA IE tract 45 5 82 1 B9V F AL 2 Bl A7 7 32 25 S K

Table 3 Mechanisms and applications of protein homeostasis in neurological and immune system diseases. ALK: Anaplastic lymphoma

kinase; PTEN: Phosphatase and tensin homolog deleted on chromosome ten; AKT: Ak strain transforming; PLC: Phospholipase C; PKC:

Protein kinase C; MEK: Mitogen activated protein kinase; ERK: Extracellular signal regulated kinase; BCL: B-cell lymphoma; BAFF:

B-cell activating factor

Disease type Mechanism of protein homeostasis imbalance Related drug Target/pathway Ref.
Lung cancer Overexpression of HSP90 stabilizes oncogenic client HSP90 inhibitor HSP90-client proteins (EGFR, [111]
proteins (tanespimycin) ALK)
Abnormal proteasome activity leads to the accumulation  Bortezomib, carfilzomib ~ UPS [112]
of misfolded proteins
Overactivation of autophagy sustains tumor cell survival ~ Chloroquine, LC3-1I/p62 autophagy pathway [113]
hydroxychloroquine
Multiple Accumulation of ubiquitinated proteins; repression of CB-5083 (a novel Nrfl transcription factor, [114]
myeloma proteasome subunit gene transcription, blocking protein anticancer agent targeting  proteasome subunits
degradation p97)
Overexpression of MYC protein drives cell growth and 20S proteasome activator ~ 20S proteasome, MY C protein, [115]
tumor development; insufficient 20S proteasome activity apoptosis signaling pathway
leads to the accumulation of misfolded proteins
Bladder cancer Overexpression of the E3 ubiquitin ligase RNF126 RNF126 inhibitor EGFR/PI3K/AKT signaling [116]
degrades the tumor suppressor protein PTEN pathway
Overexpression of USP1 enhances deubiquitinating USP1 inhibitor USP1, c-Myc protein [117]
activity, stabilizes the oncogenic transcription factor
¢-MYC, and disrupts protein degradation balance
Prostate cancer Inhibition of UPS function blocks the degradation of HSP70 inhibitor HSP70, AR/AR-V7, UPS [118]
AR/AR-V7 pathway, AR signaling
Clear cell renal PRR11 protein induces the degradation of E2F1 protein ~ PRR11 inhibitor PRR11-E2F1 interaction, c-Myc [119]
cell carcinoma  through interaction with E2F1, affecting the cell cycle regulation
progression
Acute myeloid ADGRE?2 drives protein homeostasis imbalance ADGRE?2 inhibitor ADGRE2, PLCS/PKC/MEK/ERK  [120]
leukemia signaling axis, AP1, DUSPI,
DNAJBI-HSP70 interaction
FLT3 mutation leads to abnormal protein synthesis and FLT3 inhibitor, UPS [121]
dysregulation of the ubiquitination system proteasome inhibitor
Chronic Abnormal activation of B-cell receptor signaling; BCL-2 inhibitor, BH3 NF-«B signaling, cytokine- [122]
lymphocytic overexpression of BCL-2 inhibits apoptosis mimetic drug venetoclax  cytokine receptor interaction,
leukemia BAFF-BAFF-R pathway
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(r=-0.72, P < 0.001), ¥R N B 1% 5 i 147 5905 B 1
AT HLE . HAh, ¥IA RET/PTC 8UE il & & A 1
PROTAC fe i 24 5 3 FL B i, JF FH T MAPK 15 53
B, X BOTT P AR I 25 M B — IR R K

%[130] (%%3)0
3 RESHA
AL RGL5AR T TPD i it B 98 55 1 i F2 2 X 2%

AN ] L ) 2 AL S AR B R 1 R IR
ST RIRTVE R o IWEEAR 2338 4 WL BB T Tl
3ANETH R IE, IRAf#HT 7 LAPROTAC . 43 1 B N % 0
[t UPS /T B Al H R, LA LYTACAUTAC 2535 M4 4%
A ey a5 5 8 2 3R A BB [ R4S SE LR
3G B, R4 A B AR AT IR B L, R T
TPD 7E M ZIBAT VB R 1 B G5 03 S R AR pp 8
F G0 I S T I T TSR M, e e B A S 454
AT TPDHEARBEBFMRIUEEANBEEARER
GE SL BB AE I 4> 73R . SR, TPD BAR M1 R
ARG 2 EPRAR . 192G, TEIE R G0 T, ILA 3K
RIFAERL A E & BRI AR B 225 0, T
R ZURE S M g K3 16T & SORI B AR 1E 38 R SR B
R FEUR, T 24 ) 75 563 #I 2R (1 848 VB3 i
2 Wl T 7 SR R AR B A A S S L, T aE
To 22 B R B AR 7 T ) ) S 0 B A 3 7 2% o DA R
XF; B, ANMRAIR I TR ST B AR AR AR b E ik
/%,%%‘A%\%ﬂ?Em\ﬁﬁlﬁfﬂp‘iﬂlﬁ*ﬁi?ﬁﬂ“%

o AR, TPD H AR T [mA i B g7 B % Y, T i 454
%%%Ta@ﬁfpﬁ@ﬁﬂ@‘@mﬁ‘ gh ALFVER AU fE
DTHEK R FR, BERE R HED) %I RS R
WY B4 B 2 LI 7, B 28 SR BN “ B s R 2
RS IR TT AT, NE IR IR T R4
£y [

{EE TTmk: Tt ST AU BAHE S SC RS KB
ZERT AL TR D) B ORI 2 35 X WY ol R e 9 T PRI R 1

1 BTHERE A1 ST R WAL
FERSE: AR AR TR KA
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