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Abstract

Cardiac hypertrophy is a compensatory response of cardiomyocytes to pressure or volume overload
that can progress to heart failure if sustained. Transcription factor EB (TFEB), as a master regulator
of the autophagy-lysosome pathway, plays a critical protective role in suppressing cardiac hyper-
trophy by maintaining proteostasis and mitochondrial quality control. Under pathological stress,
however, the E3 ligase adaptor SPOP is transcriptionally activated by p300 and mediates K48-linked
ubiquitination and degradation of TFEB, leading to autophagic flux blockade and lysosomal failure,
thereby driving the transition from compensated hypertrophy to decompensated heart failure. Elu-
cidation of this p300-SPOP-TFEB signaling axis has revealed the upstream mechanism underlying
TFEB functional loss in cardiac hypertrophy. It should be noted, however, that the pathogenic role
of this axis has thus far been predominantly demonstrated in pressure overload models, and its
generalizability to other etiologies of cardiac hypertrophy and to the human heart remains to be
established. On the basis of a systematic review of the protective functions of TFEB, the SPOP-medi-
ated degradation pathway, and pharmacological strategies targeting this axis, this review incorpo-
rates the SPOP-TFEB axis into a broader framework of the multilayered regulatory network of TFEB,
compares the relative importance and interactions of different regulatory pathways across stages
of cardiac hypertrophy, and further analyzes the dose-dependent risks of TFEB activation, chal-
lenges in tissue-specific targeting, and translational bottlenecks, with the aim of providing novel
theoretical perspectives and potential strategies for heart failure therapy based on proteostasis
regulation.
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(transcription factor EB, TFEB)J& - MiT/TFE ¥ 5% K 75 0%, /& ALP WL O iRIE R 1, REMS 05 V4 i
VAT B AR G EE K (1) 3R1A[5]. TFEB @R BRI S8 9RIE BRI AL & BOACREARMT, fE4ERR O IR
BRI ER6]. Kk, K TFEB DIREHE AR IR TT Co I AE K 78 75 SR s

SR, TFEB 7E/CMEAE KA I E FH AR S A R4 K R o B SRIR R WY, O LA Ry 53 P R B
TFEB R JEE & J7 8 6 s 75 5 R0 BRI AR FI O Dh RN 42 (6] S UbARXS, (CULZEH+ TFEB HIRFEEId %
IR EN AT T A RAEAE KA J) 58385 7]. RIREE SRR, TFEB (A5 3008 B A P2 A ()77 SO
& FEWOE P RIEORYE, BB OE WP AR BN . X — P JE R, ARWEALFE N “TFEB 2 1)
PR RAE” MEtErE, R T TFEB IhREE I 2Tl LA SRS HE 2 S IR 2

G IRIE R R R 54 R A B e AR A A o it 7i e 7s 1 E3 2 RIEHEMIERC/A SPOP (speckle-type
POZ protein)7E 0o Il AR K H (1) SR FURAE F [ 1] TR BRI T, 8 LBEFE R B p300 (histone acetyl-
transferase p300, EP300) M3 7KF L] SPOP #iA, SPOP ifijdH MATH (meprin and TRAF homology)4
M E 455 TFEB JE 3 H K48 #Ez FALFEAE, M350 ALP Tijfie 52 BEA B O IE IR KR A (1]
ZA5 FHOVRELIRAS TFEB Dhfes i fit 7 Bile TSI ieRs, EILB0w M B 8l 32 2478 15 0 f e
BRI AR GRS, 8 AL DR S N 800 JI 1R 05 14 75 A AR 30 » 8 17) SPOP-TFEB AH ELE F S m] #E AN i)
W FL3h W) 1A A% & B4 1 (mammalian target of rapamycin, mTOR)ME i IE % THREMIRTHR N, WIRTERE
TFEB /K. AXAERGi LR TFEB R4 LTI AE. SPOP /31 TFEB [F AR 12 K ¥ ) 120 24 71~ 5
W& IR LAl E, ¥ SPOP-TFEB 4N\ TFEB 2 =20 45 I 2% 1K) 2 WAHE S, LUBEAS [R5 30 R AE O IR %
B B R AR B S HAZ BAE ], FF40 8 TFEB W0E BRI SR PE RS . ZH 230 S MR 1) S AR bR 54
TR AERACHE, DUy HE T 8 B B AG A 2 (90 0 338V I S T ) BER A0 A 15 VB 1 SRS

2. TFEB HiB{E MK SEYFThEE
2.1. TFEB & 5iE M EIE

TFEB J& T MiT/TFE(microphthalmia-associated transcription factor/transcription factor E)ZX &, % i
Y B RSF R E - PR - 1R)E - SR & ER 7 5 (basic helix-loop-helix-leucine zipper, bHLH-LZ)%5 #35[ 8] .
ZEERIEAMYA T TFEB S5 #EFE[ 5 2l F X CLEAR (Coordinated Lysosomal Expression and Regulation) G
R RE S &, 5T RV ECGRIE SRR IR, AN B E S 3l B I B A6 B S A A G 2
KI5 [5]. TFEB [FE40 AR E A 5 5 id 1 F 22 R B I shas s . fEE TR FM4 T, WG
PRBE A 52 (1) mTORC1 fER 1k TFEB [ Ser142 #1 Ser211 {7 %, it 15 14-3-3 5 (945 & I3 B 40 a5k
[9]o HZHAAL TV, Al B I EA B4 T e B i 55 N RCIRZAS I, mTORC 35240, TFEB MR
AL ZANIRZ, SN AR P (9], X — BRI AL T ZF MK B T TFEB i R 21 i B B3 1Y
O JF %K. Bh4h, TFEB (G THIE 2 5] Wik . SUMO 122 il i 5 181 (1845 . SIRTI (sirtuin /-5
12 CERACAR I HAZ L AL, T LR RS p300 WA #5171 (m] Y2 /E FH[10]; SUMO (small ubiquitin-like mod-
ifier) (LA AT YT TFEB (1) 7.4 H e A7 A% SyB PR 1], FABM = 500 A8 B o ) AR 3R AL % DA
K[12]. ERZEX. ZRBFEEEMILE RIS T TFEB W& It R % 4 4, i H e i s 20 i N
IR R A R R B R - T A TR B RV MK

2.2. TFEB RO RERRASHE R F ORI Th E

O ERERE . MR AR, W52 R RIS E A& . TFEB M5 AW, (2
R RS . EONEEMZE, TFEB B HENHA0H D68, W50, TFEB 0] 5#;55%
K7 GATA4 FHEAE FH, 38 1658 H WAL 3 GATA4 (1) W - VAR AR[6]. GATA4 123t ANF (atrial
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natriuretic factor). BNP (B-type natriuretic peptide) ! f-MHC (beta-myosin heavy chain)%& A K 3 K R IA [ ¢
FERINF[13]. TFEB MfK)G, GATA4 K H WK - F AR g a2 BT S SR AR, kT O 30 A DR ik PR )
SO TRUE GATA4 A TFEB N BT 75 2040 K [6]. Mtk, TFEB MBS EEREIEILIE
FRIBNAE FEA, SCREE S AE R EE B ok R4 R .

SRR T B RS AT O B KR 55— A% O R AIE - TFEB 76 £ ki 4 [ WA 9 £ K] (40 PINK 1 (PTEN-induced
kinase 1)+ Parkin) /15 4K 14 [ WO A2 FRgses, It EIRVARG AR B AR DG RE R 3R IE, N2 R4 kL
RIERRIE AL 7 VA BRIA R [ 14]. b4, TFEB iREIE B % PGC-1a (peroxisome proliferator-
activated receptor gamma coactivator 1-alpha)5F XEREEEE ()R, (RELRAR AN &R, MM SEFREE FRZR
R E IR 150 o LA A4S 5% TFEB R F:(CTKO, cardiomyocyte-specific TFEB knockout) /) i 7E J& £k i}
Wi ThRE IR, ARAE s 3768 A7 ARr ST SR HH Sl 35 TEOR I BB R s B B ot gy 35208 [ 1] CTKO
JEAE TAC (transverse aortic constriction) A J5 TG A BE AR 25 5, RN H W AR FH 5¢ 8 [ (W1 LC3IT 1 p62)
RSP mU Lz m e EA R F R, onEaRERAERM 1] Ik, CTKO /MRISFEI H 2k
Bk SE R 7 . EALRE I PR B S PGC-1a FFEW 1] 1B TERRZE iR, TFEB Jk/> 1 & A =
Az, HET AT REJR AR S SLE SR AR IE K AS 5 B0 [ 16].

CTKO ‘G, ARWIBRARYT B AU AN S 2 5 R A 45 G B A Rl o 11 il 2 A 1) W 35 A 17] M
HEERZ, K% AMPK (AMP-activated protein kinase)fg 5 7EFE 26 1IEY,, {H7E TAC AR5 CTKO Ui
o, AMPK {55 BE I AR KA B3 008 [ 1] W7, SR SN MEEGE AMPK AT 7E— @ FE R F ik
BARAMOAE RN, (BIEEH TAC AEER) CTKO /)N 5 A %2 31 () SR AR BB AU 48 ThRE T % [1]. IX
SR T TFEB 75 Rk A T i 4E R 8 h 7R it 5 A0 B AR AR R O IR Dh e () B B0 . X SR BRI,
TFEB ilid Ry AR & HERrEoRi A i & D) B HUm SR T 54 O I B A o

2.3. TFEB N Z B AiE M %

TFEB G2 2 B4 2B P A 5 5eqriids, AEREmERE R B, gk, i e RO &
ROBLE P FAFIEARR 22 5% . mTORC S (W B A2 Pl (R R e AL, 8 7R BRSO AS A8 vl 7
B B R AL #E TFEB MR BA[9]. SIRT1 MNSM%E CBALIRME S — 2 E A, HAEH
R R EE S K TR 1k, HL SR RRALAZAE 2 SCRE[10]. SUMO  ALAB i U 7 3720 B 52 57 AN 3% 3% 7 2 1
RIEFEAIHFTEA 111 AHLZ R, SPOP A5 172 RALBE AR & T A vl 10 () sl PR35 BR ML - SPOP ¥4 TFEB
O EES W E AR, AT B E DG RO BRI . X —4F S SPOP FE I [R] JUBE RN 58
F& b ¥R vl R R S B 1]

2.3.1. AENEEEREOREKEMBRINEISRE

125 S8 AL I CBUN E80K ), mTORC1 4 Z s SN, B #i821k TFEB 1) Ser142
1 Ser211 7 x5 4ERF H AT J 5T (93 B4 [9]. S RE R, SIRT1 /%1 NAD/NADH b 9484k, 82 2.8tk
o 45EPL mTORCT FIHNHIAEFH[10]. LRl Be @ i i kb T ol 1 sl AP 2 1, TFEB FIA%JR 4R (R 5
R o BENSHERICEE) G, R BRI BT p300, 53 WS /KF L i SPOP &ik[1]. Ffi#F SPOP &
B, HXF TFEB (192 AL W08, IR &m0 m B A 2 M0 5 98 2 Shhr. stk RO
il mMTORC1 i TFEB 2l b, F o AR &t O N B fid i 76 v o 1X —HLHIARRE 112 MR R 0 i ALP 3
REFFLEZ MR R[] BRI, SPOP FF4k ik 380 TFEB & HiL - F#EvR, EWK - VABGAIE %)
R ™ T2 8 LN B4 H] mTORCT A 2 LAYKE TFEB Zhg, BEA#E[E SPOP LK E TFEB & [17/K°F.
A 4% mTORCT LMIEACILAZHE A 3803, RIS BE A B 00 T FSEns . LR B Bee 53 14 H A 32 2475 6 )
G AR o ER 2, HAE HAR R BTS00 IIE AR K Hh (38 R P R i — 2D BRI o
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2.3.2. FERREFRG T RIZEROATREES

AR R AT SO IE AR, AR 58 B AR DTHR AT BEAEAE ZE o R MR PR O AR R, AL,
A REEL Ang II-ATIR JEEE AL 6T p300-SPOP [ 1]. SRILIECERT 1, B A RS AT 58 & il
AMPK-mTORC1 1540 TFEB IR IRAS, BEJG AW & SPOP (1% 5% ER o AU 0o LI5S Car# PR 9
WUE) A, bl A AR 25 nT eI A A SR B2 STRTT #5110/ SPOP Rk, FEFRHMIE, ik
HED v 75 7EAS [R5 RIS E AT R GUH0IE

233. BIREENXEERSATRT

R VAR B AR R PR, T T A HARER 4% . mTORC1 A5 AR 1k AT 520 TFEB
{14 SV 40 it 57, 26 T U 5 5 SIRT1 & p300 (7] J 4. SPOP %f TFEB i P i Wl A it T- L R AL RS
EMREE R AT LB IR A TSRS 1) TFEB [RIFECVEIBIR[1]. WIRTT SRIE A E, X —MBHELLR: 16
SPOP A 3 F IR 3, mTORCI #i|77)5¢ SIRT1 #ah 77 Al 2 2 LAWK TFEB Ljfg. {H7E SPOP
ISR, BHEH SPOP LAWK S TFEB & H/K VPR NKHE, BXA1H#E mTORCI BALAL TFEB #
BT ] R AR P )RR

3. SPOP #TFH) TFEB F¥f#: (L AEREAX TFEB IhEEERE R X RALH

JE TFEB WA YER O 2 2 iEse, HAARIOFH TFEB R AK PG EE FRE, H L%
FERLHI IR BA[6] [12]. LK FEFE Circulation Research KW 57~ T E3 EFEREIE R /A SPOP 7£ Hp
IRz CAER, A TFEB ZhREE R MIHLHI AL T 5C BEMRE (1]

3.1. SPOP: MBhEHIHIEFE CHEBRE FHRERE

SPOP (speckle-type POZ protein){f A3 A2 5 Cullin3-RBX1 (Cullin3-RING box protein 1) E3 iZ
FOERBEE SN R, 152 P R o e B0 B A R FEIEE (18], ARTEO L R &,
SPOP EIH BN R ThAE . 1E NP TR AL R O J1 32505 B OIFA L 8 E Bk 72 (TAC) i T 1)
ANERAE BT DR I AR R 1T AR ERA O LI, SPOP RIA/K-F BT m, HILREES O
KRR 2 IEAEK[1].

ThEEIRAS 5k Sebdt— B T SPOP [IEUR AL . O RS S SPOP &Kk L LAFE S E K
PECUIEIE . [T 2 4Efl X aa Dhaelsts, 2= SECRRMEIET:: 1 SPOP il I i35 42 fif I 76t far
TR ER (1], IR SE RIR T, SPOP FEJR I NI WIS TE IR 52 £ 1 78 A DR 1) B30 Bk B0 [F 7

3.2. p300-SPOP-TFEB #|: FEREIEXES 5iBMEIIRERLR D FiER

SPOP A~ FLa I AE K B CoWUHIAE T I B AR )6 B 3% K7~ TFEB SR ] A . 7ERERIBT,
FMEAL 2K T p300/CBP (CREB-binding protein)#i#ii%, MFE3%/KF- L SPOP KIA[1] [19]. K48 #iz
FA R E AR R R A4 U 5[20] . SPOP JB it H MATH 45 #4945 %45 & TFEB, # H: 554 % Cullin3-RBX 1
E3 ZRIEHIE AW, 1k TFEB KA K48 #:Z IR ARHAREMF 1], 5 mTORC1 /-SRI
AR, SPOP X TFEB [FFEAREA MR T HB IR MRES, X BME RMd b T R AL iE LIRS 1) TFEB [
FEJCVEEIRE SPOP 1T ITE R 110 115 S RlAE A 1 o B OO IS B AR Th BB 5240 1K) 73 At

3.3. TFEB MM TR : BERMAFSSHERR

TFEB #6385 3 BUA BEA Y & B2 I, ERRE F WA S A B R R & B BOCE BRI 1] [5]. KEH
WGt 1A 52 AR LKA TR B, RN A 5 3 HERR o SR E ML RT3 A S it — 2B S8 A 15477 2R 1 AT DNA,
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TR JYERF AN BOA ST [21], SR, Fest1 GATA4 Ak 25 B Wbk B @ 1 72 2AR[6],
SR JJBKE) ANP Fl -MHC S5 JERFER B[ 12], 3@ 0 UANM R AR BRI AL R . B IR RS L Rl 1
TFEB Fifif . HWRIEFR G 5 2R G B BOREES, SO AEMREETEIE K [0 J 3 s e 1]

4. $0[5) TFEB RZ5TE 3 5K RE

BT BRI, KA TFEB W& vl id EHB0E TFEB. 1) H 87U 48 DR -1 sl LBy G e i i 420 55 SR MG
I o

4.1. E¥EHE TFEB

ZWH R Compound C1 SE4F 5% TFEB &7 BFFC AR, C1 Al qWEdi, (2t GATA4 1)
HWE - BB AR, RS AR RIS ALP ThEEA RO IAIRAEK[6]. 7£ TAC MNREAF, CI
AbFE R E WAL AW, DR OUAR B E A . LR 4EAGRLC T RERRAS (6], IFIENE & —Fh AR T, mhdE
mTOR B ISR B0E TFEB [22]. HALHIE TH4i &G BT WIHEHA RS, 51 RIEHEIAIIRE X
SLiET & TFEB BU&([22]0 752 PR R BTHR AR b, IRESEREE I TFEB Bud RAE O IE R EH . A2
FEIEIE SIRT1 A5 1% CBAG R TFEB A% #6407, H458 F WK - W EE1A ) 6E[10]. Sappanone A {FH—Ff
RRWAED), wIEI S TFEB BR300 7 B A [ W mis s 5 000 WLR A [23].

4.2. |[E{### & TFEB

THIHE R ATV %] mTORCI %t TFEB Ser142/211 A7 5 B FR 1L, MRBRXT TFEB [ i 5 i
Fi[24]. HK WIS H mTOR F0HI 7 AT e E 5 8 F & R, BIFEFBON IR . MESER AR 2 AR B 77
AP [FI{E i TFEB #3%3G M, B2 OlUCH . B IES 2 (sphingosine kinase 2, Sphk2)ifi id 5 #K 70 &
1 90 (heat shock protein 90, HSPOOAA 1)AH FLAFE FH I 4ERF A E 1, (R 5K+ EB(TFEB) % 4% 07, 1
TGS TFEB A8 BV B AR A W) -6 ORI W - VBRI, Inid s S0 S e AT B, AT k2 e .
R B ERAE T [25]. Sphk2 = kil 1400 77 35 vl 2 (A7 AE R R &R [25]. FMS FERS SRR 3 (FMS-like
tyrosine kinase 3, FIt3)ffJ#y& nl @i SIRT1/TFEB /31 H WA 5 T _FAR R B SO IR K[26]. 1F
SPOP E3RIAMRELRA T, HAMKE mTORC #fl il fEA & LIRS TFEB Ihig, FNRIE TFEB 26
Ak, HAEEA L CA SPOP /T 1 FEMEM#EE . Kk, 78 SPOP-TFEB BHUSE T 5t T, G HE m] SEHg
Al BEHE A — mTORCI | 5N %K

4.3. ¥ _L% SPOP: SPOP I

& SPOP 5 TFEB AH EA1 FHI 5 1 (1) 47 S P 300 k1) F0UE I R BT A 78 A B R 7 (1] A5 d it
44 S SPOP [f) MATH 454938, [FHIET SPOP % TFEB HJiR%AI, WA E TFEB & H/KF[1]. HF5
UESE, AW PTG 00 9 BRI AR K I 238 0 0320,  HASRI mTOR @B IR+ A #E D) RE,  Ffe Rk
B LRLAR S F RN E R D RE O EE RLRE[ 1] 1X —SRE I OLIASE T H LT RUE . 7E SPOP # 4% B 1)
W1 AT I, TR PR TFEB £ FK-FIH4ERE T iFE A & e, HATH mTORCI %538
% ) IE A PR R

4.4, HABFSLES

METTL3 (methyltransferase-like 3) ] Jl i€ m°A (N°-methyladenosine){&1iflif| TFEB, 45 H W INE
OUIEK[27]. METTL3 52 H 34k ALKBHS (alkB homolog 5)/% [f]i#% TFEB mRNA [ m°A f&1fizkK
SFUARZ M AR e v, R O VLA B WE R T[28]. LR R IIER meA-TFEB flin] fg AR ia L
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AL 77362 55 B H B4 £527]. DGKC (diacylglycerol kinase £)3f i 15 mTOR & 4520 TFEB %E2[29].
DGK( it = [ fili ¥k AKT (protein kinase B)/mTOR {5 51§ X mTOR 5 TFEB K45 &, £t TFEB #2347,
@ ULK1 (UNC-51-like kinase 1)/Beclinl {55 A1 TFEB f&#i[1] Beclinl #4334 55 F 1[29]. DGK #ik
ZHINEE T A RO B AN RERERS, 1% 2408 1] # Beclinl BY TFEB [¥1ist 4% PE Bk % . Wik TFEB Al FH
W DGKE kIO i W FIE K 520, #2275 DGKC #8id mTOR/TFEB 15 5815 Beclinl S 1 H
MG K ok 9 Rk O I K [29]. SUMO AW IB M T 4% TFEB VAN 52 7 fd% kb vk, HAB MR 5.0
M AR ZEEL B DIARSC[11], AT KR TFEB SUMO A4 8 Y S g S ik 1 7 1A

5. P SRR

SR TFEB A2 UM ORA i B EKE /g, (E KSR AL A1) e e G AR AT T s ) A . 2L 80y
SR SOR B R A S 2 kAR

5.1. TFEB HiER “FIEMRHME" K

TFEB [AEY) 2B RARRYERHE 7] EEBUEA B T4 RS, AR RIERINSHES
JRELPERER[7]. AL I, TFEB i B3OS BAREE T IS ER AR RIA, H40H] TYRE M R, ol REs i
TRV BRI ASUE B0 B WA AE T (7], PR, wnfl St AR 5 MBI R EITE I,
& TFEB $E[a) 250 & (1) 2 AE

5.2. AR AR

TFEB Z MR YA RIA[17], RGERGE T A3 80 S A AL . thah, R4
TFEB 5.0 LS TFEB D REZE R, H— HIS ] B Ok RO E A B R 2% 75 R o TR AL IS
PEIEIR RGN ONUREERPUORRBRL. AAV BAR)SEIURSHET T, AR RKIDLEZ B[ 7]

5.3. {fERMBR SRR RN

TFEB (R ARHHE, 1M B B2 AR BRI AR [ 16]. AR TFEB SRR 1E i 7588 57 A 54
FHE K, (EAEG I 20 BB AR )00 J) FE SR G IR A b, TFEB G2k HE 2 BoR e AR AN ShRE R VR - X4
7~ TFEB F 22 5 AU R I B4R 4%, xR AR R 2L AR i AR s mm G BR[16] 16 PR S 75 AR 4 22
955 73 SRR R 43 2 0P AG , B fE R IR BOE B T-H. {5 B WEE O E AR 1 P A S, 3 I
AT PR AZ AN AS, i s W AT R I s B E A . R, $E6) TFEB PRE AR ThREMI AR, 7521
W AT 3t B T v i SR PRIV E XU
5.4. IEEREALIRE

I A HERR 2 BR T 25 W0 A o BORIE R B I B = . A (3 2454 245 BRAE IR PR TR T B
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