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(low-density lipoprotein receptor, LDLR)/\-5 By K55 & e & & W &; LDLR ) fe 6k [ 7] 5 205 g e, % & 20 ik i
BMEANEOMEERK LDLREABEUEYHE AR NMBEETEE AMOMKTERE G2 HRF A EE F(in-
ducible degrader of the LDLR, IDOL)¥& %7. IDOL 2 — iz % ¥ #: B, fb 4% I IE X &% (R 4% K #%0E, 12 & (LLDLR, f# &
TEVEBEIR[E . IDOLI & /8 Al TLDLR K ik & & —— W (K55 B Jig & & % 1k 5 £ 8 & B E(apolipoproteinE, APOE)
22, 5 5EEAMAPOER K F. R X 41k TIDOLM &4, HBZELDLRAALH . 725 ks R 5 KP4 35
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ERREaZEEFREMEMRT, ZFN, FEXZK, 5IE G % LA FAT

JEL ] P A AT BRI R S AR A i 7, 2 5 4
PRI AE Y ERREYE, NI FEEREENE. Bk
G IR . SEEREER . A S SS9
FHIRIAR. sbah, HHE EERE LA 2 1iHedgehog f2 TN JiE
Smoothened®E H, MIMMIAEMEIEAE. 4T 1HE &0
MEE ARG, HACH R E S 2 M NS RR A OC.
i, i st A RELE K P Bl ko A A A SO0 1
B VIAE I, HH [ B A R 7R 2% BRI (Alzhei-
mer’s disease, AD)FHIHSAE 1) 5 A R J i R #5

RN,

JIE ] REA U ELFE YRS R ANIRER A 4R AN
&, AMERERE. Fodh, %5 B R 1 52 AR (low-den-
sity lipoprotein receptor, LDLR)/ ™5 [IMK % & Hg & A
(low-density lipoprotein, LDL) A 7 A& 2 i 35 B JIH 5] i
BT 2 —, RN TE BRI E [ B 1) 2%
2. JFURLDLR T RE SR e AT 5 350w H R e IAE, 4% 1M 155
R ) K B A B A o0 I R0 . BRLDLR A & 4f,
LDLRI #AH 5 D8] -t 78 JIH [F] 5 A 25 1 2 o R 4 E 2
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YER. 14n, i 8 B 8 A AS ST 18 22 1 A9 (proprotein
convertase subtilisin/kexin type 9, PCSK9)I)HE 55 5
AR R 51 Yot A B 1 v I R . S AL BT
FEW], PCSKIRe4: & I L #E LDLR¥% 15 2 i iy 14 %
iR, TR R ASLDLR 8 1K F, F#RLDLAERR .
FIAT, #E R 40H PCSKOM) FL v BE Hifk TR TR 97
5% 5 L [ % IfAE (familial  hypercholesterolemia,
FH) LA J 75 BLidk — 30 BEARLDL /K F 1) 1f fig 55 f8 5
20094, 3% [ Tontonozs 4 & il | X —if#ZLDLR &
A€ M IR F——2 RIEHBFIDOL (inducible  de-
grader of the LDLR). AICHEHXFIDOLIAT S AR,
ARG Dhfe. TR HI &AL O LS 0% S AD
TRYT AT E AN FH AT R — 2R

1 IDOLHEI
IDOL X FR ALK 2 1 75 42 B 45 5 22 A (myo-

sin regulatory light chain interacting protein, MIR or
MYLIP), H:#]+& M AMEfticDNA(complementary DNA)
SCEE R TR R, HmRNATE MG Rk 1) 2 Fhei 21
h23%'. IDOLZE N ZFERM(Band 4.1, ezrin-ra-
dixin-moesin)%% #435, Clifi/2RING(really interesting
new gene)Zi I (KEI1A); B2 HATME— R AFERM%Z
PR ERING 52 FEHBFES. H R ILLLK, IDOL#
IR S A TEI A KA K, ARINGE A3 T
IDOLX A2k K sk 4 B . 20094, TontonozS2%
=R TR X2 44 (liver X receptor, LXR)IEEN 7 T
JALDLR & H/CF 87> TR, K IIDOL % 4%
i&; AATEIEMIIDOL AT H %72 RALLDLR, S35
TEVRBEARIEAT B M. MY LIPH X 4t 5 4 4 N IDOL
LDLR%E PR R T, XIULAEHIDOLS| AEAR
A

2 IDOLH#ELDLRAYHLE

LDLRJE — M Type | BLIREHEE H, FE4KH 0
YN R #IE. ©nE i Sh i APOB/APOES, & [X
AR IS MK ILDL, 8 i B o o — AN =5
RAFIINPXY N5 7 5 FR 2 M k% 85 Fl clathrin, AT
SLDLN . HEAYHI)E, LDLSLDLRAE N FARNIR
PEIREE R AR fiA 25, DL 4% 213663 2 I i 4, FF/K A
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PR U B AR [ . /R IR 7R B INPC2FINPCL (1)
WFEMERTS, RHRE B — D im N BIE R AR -,
T Ik B VI A5 R B A 15 3 i ) o R L A 4 i
%, BRI, AR D) SLDLAR S 1
LDLR U E A 798 0 14 35 B 250 [0 81 0 s, 4k 45
A+ FLDLN .

IDOLX}LDLR & [ (1) 4% 2 1l 1 72 2 A SE I Y.
IDOLHJFERM&5 M3l & =AM &5H38(F1, F2AIF3),
HAF3 45 K18 S AT 43 AF3a, F3b, F3c(E1A). &4
FERM I 45 #4383 IDOL |4 i LDLR ¥4 % o & g1,
FERMZE 4, JEHZF3b, 151/ FIDOLSE & ik s
PAKLDLR". —Zp 45k Bor, F3bL 45 MRt & ki
10 % S B K % B 47 B 45 4 48(phosphotyrosine  binding
domain, PTB). /S LDLRWN 18k HARHA
DAB2tH A PTBI il i & 47 57 1 45 & LDLR[INPxY
W71 AR, IDOLAR S B & A2 TNPXY 551 2
AT WxxKNxxSI/MxFF 3], W& AAHE — N 3
" S ANPIASLDLR MR R 7 — WA % FE R R A
Z4R(very low-density lipoprotein, VLDLR)FZ: /5 &
HE&2{4&2(apolipoprotein E receptor 2, APOER2)——If]
CAR it 25 45 WxxKNxx SI/MxF 541, [ 1 t /£ IDOL ]
waEat.

IDOL [ RING 25 #4305 H 72 25 (L LDLR [F] £ 4 A
] /b, RINGZS IR A SIDOLIE e 715 — S A", 43¢
552 R 454 M E2D(ubiquitin-conjugating enzyme
E2D, UBE2D)ZK k& A", il B fr S 3875
LDLRAZ T NPxY/JF 41 5 BIK830F1C8397 ri ilE 47 (4
FEKASHIK63FERAE N (2 12 KA A S
f)42, BLDLR, VLDLR 5APOER24}, IDOLIEAETT
b B BRI R 30). 480, IDOLA S ILDLRZ &1L 5
H Az 2R P TR

Y 3L 2 A7 9256 R W, IDOLIFERM&S Fy g 1
#3522 FELDLR! . IDOL 5 LDLR M i i H.AE
PR T LDLRYEFRBiIF25h, I SLDLRAAE. &
M, SLDLRASFHLDLANFIEFEAIE, IDOLE ST
LDLR N F I AN K 4% £ H clathrin, AN /NS
T Flcaveolin, T & {6 P % 1& Aic 2 A Epsint' "MK
1B). EpsinEAZ &R BAFHEST, W 5HIDOLZ R
LDLR&5 4. #¢ B LDLRBE J5 4 ik 73k 2 54
(endosomal sorting complex required for transport,
ESCRT)IH A, £z 347 71 2 F1 i (ubiquitin - specific
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Bl 1 IDOLZE AL 5ThEe. A: NJEIDOLE H 4 MR . HAG51, VA31HILA33 2/ FIDOLIE L RAKIIAL A1 ; K293 5%
IDOL A A iZ AN TR RS 1 E ZAT 175 CI8T/ZIDOLIMHE AT ki, V38OMILA152 A FIDOLSZ % 45 £ MfUBE2D 45 £ )
7 8. B: IDOL R FE T 6 75 B L — R AR - 3572 % 45 5 FUBE2D. —J7 1, IDOLAE S & 9112 FALFARLDLR; i2 #LLDLR
WA TR R E H Epsin ™3 A A7, BEJS B A I8 B 10 P AR o ik E S0, 22 RREREER AIBUSP8 LIz R LG, Figit %
PR, B AL BER (lysosome) . 55 —J7THI, IDOLREZ AL H &, £ 5 F MK (proteasome) F Ak 14, IDOLIEfE K AL 75 R
AB T AR 2 1Z R 2 25 R B (A BESENP L Al i %, HLXRIHABEE RIRMI(WIABCAL, ABCGIZA, IDOLE:H )5
TS LXRMZE SLAFH(LXRE), SZLXRAMRXR A R A R H0E

Figure 1 The structure and function of IDOL. A: Domain structure of human IDOL protein. The G51, V431 and L433 residues mediate the
formation of IDOL homodimer. The K293 residue is the main site of ubiquitination and SUMOylation. The C387 residue is the catalytic active site.
The V389 and L415 residues mediate the interaction between IDOL and the E2 conjugating enzyme UBE2D. B: Functional IDOL requires the
formation of homodimer and the recruitment of UBE2D. On one hand, IDOL can bind and ubiquitylate LDLR, which is then internalized by endocytic
adaptor protein Epsin, followed by the sorting by the ESCRT complexes. Upon deubiquitylation by USP8, LDLR is delivered to MVB and eventually
to lysosomes for degradation. On the other hand, IDOL can ubiquitylate itself for proteasomal degradation. In addition, IDOL can be stabilized by
SUMOylation, a process reversibly regulated by SENP1 (SUMO-specific peptidase 1). Like other transcriptional targets of LXR, such as ABCAI
(ATP-binding cassette subfamily A member 1) and ABCG (ATP-binding cassette subfamily G member 1), the promoter of /DOL gene contains LXRE
and is subjected to transcriptional activation by the LXR/RXR heterodimer
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protease, USP)8 %2 45, F#% iz 3£ TR (multi-
vesicular body, MVB), 5 & 7E A R RE 'Y,

3 JAHEIDOLEHLAY

IDOLfELXRI B F W™, LXRIE %2k
1B Z R T P S R, Re 5 R B R X2 A (re-
tinoid X receptor, RXR)JE i 7 - FAk, #l IR RC Ak
CAAL B BE S 9- it =CRR 3 182 55 ) Bl 40 U M TE A (L X R B,
RXRE BN 7)) BE Ja, 45 A #E 2 I LXR M 2 o
(LXR responsive element, LXRE), MMz,
4 20 Pt AL ] 7K B, O L XRAE B e =
IR IR 45 & SL(ATP-binding cassette, ABC)# 1B 1K FK
R A RIRIE, (E3ERRE EEAMES 2. 5SABCEEE A
AIFIGIKA, IDOLIER )8 3 T4 — BLLXREM (/8]
1B). #R¥EX/N AT IEAT BN L R N E A O F
[ILXR CHIP-seq##f 4347, Z%J7 541 T IDOLIEF 25
AT T W B v R s IDOLFE R 2 ikt
AT LXRIG SR A &L 4,

fEE HK L, IDOLA {4k H S FERM 3cill 4514
W 2 AR B R A FZ s, FEOL R AR
[l 1A B S (= 1B).  5IDOLIZ E 16 ARLDLR %K
L, iZa FE M AKIRIDOL Y — 4k . UBE2D# 55 LA
T B3 EEE 1120 e A SIDOL — BAKTE B i)
V431 L4334 55 B/ FRINGSE #4485 5 UBE2D 4
B HIV389 K LAISH i JRELE BTG AL i C387 REfa
SEIDOL; 5 Ik[A]f, LDLR (3% 5k & b 8 8 i)
USP2REIE T 45 & K2 ZAIDOLAE 2 o, FFAE
LDLRZE FI/K P, x ey Wi ng, HA 2 2
filf Th R R IDOL & . % fi# H £ FILDLR I 2 % i $2 2%
1, 5IDOLE /K FE iR C4axt e R, S8, St ot
RI, FAFFI M G516 s — 5 T B T
IDOL =R R H Bz =k, A— 71 7 LDLR
ZEMN, FELDLRE AP, &5 EimELDLKF
7P, IDOL 2 £ ALDLRE Z4LHIAE i a
Rt — DL,

75 % .(SUMOylation) & 5 — F A IDOLFR &
ety AP, 75 (small ubiquitin-like modifier,
SUMO) &Kz Z=/MNEH, t2ETELEILE . E2
oA N E 3 3% 12 g DL B 2 B R U3 45 6 2
YRR IR R . IDOLI 75 &AL 3 R 4 /EFERM

1488

3cE 45 I 19K 29347 £, 7K 293 IE 1t 2 1DOL
TRz BA A, SRR B S 2 A
B4, 15 IDOLME AR, 1M & 4% 57 & (I
(SUMO-specific peptidase, SENP, X FRULP)1iH it 2 5
IDOL 7 &4k &4, FIHMIDOLE /K P IHHEHiHA
SHLDLR MR, SFELDLRE AFREMLDLA A%
(E1B).

REREA-Z TR RIZLDLR X AT
LDLNFF, X325 vk 2 el 4t 1 4% A A R 1 AR
HEXHHAGEE. GHREERY, 2R/ EhR
WABIR R B H 0 IRIE . WM UL X E3E I
S R R RS T R R A R AKCER, Tk
AR SR B S AR B VE S s 0 R (i R A R
. WS B EEREE A i, i
3-FRHE-3-H L I WE A R A S R AR (R 5292 F AL AT
ULP4S Y S L B0 s e HEAKTE, 1M
J5 3 P HAm e H SRS, A IDOL S F k-
R EAHI A 7 L LR m= -z R BAER R &R
HAR I — DA

4 IDOLMAFIhRE

WIRTFTIR, IDOLAZLXRIE T IFGEHIE LDLR & [
Fase ik, L HAE MR PR R IEE B, R
FLFH T AJRAL /N B o 3R IX TDOL ] i 3 BRI
JFFIELDLR 2K (4 7+ e i ¢ B [ ), IDOL 5 S (i
AELDLRFILDL N % ik /b th {8 /5 PCSK9VE [k Jik 12, 1
R U T e AR 4 A R 2 BRI, S BULPCSK9/K
SR, I RILDLR B AR, e e e ik
P4 fif R 57 B R TDO L BE A& 75 5 15 < /1N B 20 Jik ks A s
WP E R B, IDOLYE /N BRI 3 ik &R
&S, 22 AR R KK AT ik Bem ™. ik, 7F
/IN BRI o 13 A 5 e HL I JIE LD LRORIT I 7 AH [25] P
AR BB IR IR DG 07 2L 20 ST MR, HRARAR
i SR RER Y X FIDOLER e Sk R4/ F 5
o2 TE I VLDLR AR 50, 78 e e o 1 i 8
Berb, LXRESNFIMKSA GE@E I IDOL i FIFLDLR 25
F1, AR R P,

S IR BRI SR B, IDOLE PR it 22 25 1
(single nucleotide polymorphism, SNP)5 A IfiL flg 7K %%
PIAREESP AT CARE IDOLAS 5 551 S HE iR 14
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A R AEAEFERMEE MK, 20114 — T4 % 88 78 |F A
BERIWT R BRI, IDOLFE KR rs9370867 % A7 i 5 1Lk
IEL K SE AR 944 15937086747 15 b F- IDOLIE R )
FoTHMNE T XK, T R S 3RM R A
Pt i A% g 22 28 FR(N342S), M F#AI 7 IDOLF#AFELDLR
IRE ). PRI, N3422HA 455 4 I i RE ] 7
©E T S3424i S H . i 2= A, IDOLKY
R266X7% 5544 (rs763592472) K A i 4 5 RIN G 45 44 33,
M5z ZALFFALDLR, S S0 % K A LDL A [ i
HCEP g R PIASThRE B SR A, AR\ Gl
TE— A S v L] 2 0 (VB R B R K R ORI T
T MDOLI) AEH TR R AE G5 1S(rs149696224), 1% KA K
5E T IDOLEE [ FF34 5% 7 Hiz LB M LDLR AR
38 H 102, IDOLFE A (1) 22 A VA7 AE IR N b 22
Stk tedn, 5 SRV E AR LDLAH [E B K SFAH 5% 1)
N342S % WA 5 7E 77 22 N LDLJE [E] 5 A v 2 AN B A 42
WL RATR A Y, HAS S B A SRR I ot A
A B, 5 i E R N LD E A K
A KRGS 1S T LA 57 01 5 fuf =2 AIRLDLAH [ B 7K
AR O i I i £ A 2 R 1 SR R IR AN 48,
DT 8 A2 P55 (R 2R B st A (R 2R 3L (R FH A 45 21
IDOLKER J& 75 I8 A7 7 FoAth 5 1l HE AH 5 I SNP A FF gk
— AL

1T SR B 2 R UE R A8 ¥ IDOL 5 AD B SR 7E —
. ADSE— R LA B AT M, LR ER R
HE 2 — & PUEKFEEE H (amyloid B protein, AR)TE Kk
YU, ADR K I & KUK K 35 J2 A POESE K] [ APOE4
AR A — DA AN APOE4%2 UL N\ FE 0E Kk 1
AD AT e 43 B 3 58 B (K13 ~445 F19~15750%
APOEJE K N EZEENRE G, 32 BRI A
RN R AN AR 5o i, BT 5 APOER4SE &, 51
P2 e R B LL R AN B, IDOL ) =AME T
JE¥)——LDLR, VLDLRAIAPOER2——Ju] 454
APOE"*. 7E ADRT /N B, i b B A ddo [RE 185 i ok

e E PN

i /N A B LDLR & 1 5 &,  MMRAPOEFIABIIE
B, > ABBEHTRURI AR R A2 Ido i3 v] 5
K APOER2FIVLDLR 2 [ i, 3455 /N 5 5 41 g
STABIITNERE 1, $EEAD/N R BAZIACTE. 4k,
FHZE G i s APOER2 1 2R 1A X BEBR BRI 78 748 K 5 firh
) B4 A FH 7T AR IDOL B2k T B AD /)N 5R A 48 95 7
SRR IR R TR R 22— X R RO ] K
IDOL [ 15 FYE 14 7] BE A& 1677 AD VBT SR

5 RE

JEA U S5 5 PR I 107 0 2L B P A 2
fd B ) 25 A i i B K500% . LDLRAZ AR LDLAH [ 7K
P E B R E R K R ELDLREE KT — H A2 M IEZ
VIR SRR T3 1A, W PR 32 338 B AL B 25 A 7 T FRIAE
F R 2 — & 2 = AP IFLDLR () 26 ik & H 4 EXLDL
fRIBE J7; T H R IPCSK O 7 5 /2 EL 38 T
PCSKOXILDLR [ f4fi#. IDOL/E5PCSK9IEFIMNI. fiE
MO IPELDLRER (A AR IR . 4R, S5 PCSK9H
TR E N R RAR L, FIHITDOLAE A A % A5 5
s — ELAERE, JEREHE: (1) IDOLY /N FLDLR A
VEERAR; (i) IDOL-S {23k JH [ B A HE g 2 6 3
[F) 52 LXREL S 4%, SRR B4 il JL 3R A, (dil) IDOLA]
A2 ZACLDLRATE &, B3 H m s v 2 1
IDOLZ FA7/KF, mJRESZ M HATLDLR 72 RALFFE. R
B2 5 RIIDOL AT e N R KB g, (HiE
HHIDOL A ML i 4% 1) B BRI AR SRR = a0 J LA
IDOL (M 73k 8, L FEFERM 45 A4 45 & 4 435 40 11 fit
B BRI R e B T R B IDOLAR
S5 N AR S A A% 2 9E P04, IR AT
SHZEE AT BEIAE, TTIIDOLLE & fig Jsi At LA R A=
H IR 58 AT 70 . B IR AW 5TIDOL
B TEIT AR IAE AU I s A RE ] B AH S R 4 22
BRGEHRARAT KL AT AR 25
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The role and mechanism of ubiquitin ligase IDOL in
cholesterol metabolism
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Cholesterol homeostasis plays an important role in maintaining proper cellular and systemic functions. A means for the cell to acquire
cholesterol is low-density lipoprotein receptor (LDLR)-mediated uptake of low-density lipoprotein. Dysfunction of LDLR leads to
hypercholesterolemia that ultimately contributes to cardiovascular disease such as atherosclerosis. The stability of LDLR protein is
regulated by proprotein convertase subtilisin/kexin type 9 and inducible degrader of the LDLR (IDOL). As an E3 ubiquitin ligase,
IDOL is subjected to transcriptional regulation by liver X receptor. It can ubiquitylate LDLR and leads to its degradation in the
lysosome. IDOL also mediates the degradation of other LDLR family members including very low-density lipoprotein receptor and
apolipoprotein E receptor 2, thus regulating apolipoprotein E levels in the brain. This review summarizes the most recent knowledge
about IDOL, from the structure, the mechanism on regulating LDLR, to the transcriptional and post-transcriptional regulation of
IDOL, as well as its roles in cardiovascular disease and Alzheimer’s disease. These research advances may provide potential
therapeutic targets for treating the aforementioned diseases.

cholesterol, low-density lipoprotein receptor (LDLR), inducible degrader of the LDLR, ubiquitination, liver X
receptor, proprotein convertase subtilisin/kexin type 9
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