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Abstract Cholesterol is an essential lipid and plays pivotal roles in eukaryotic organisms. The cells have
evolved elegant mechanisms to maintain the cholesterol homeostasis. This review focuses on SREBP pathway
and sterol-regulated degradation of HMG-CoA reductase, two major mechanisms governing the negative feedback
regulation of de novo cholesterol biosynthesis.
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TR ™A% 52 B R D SRR R P e,
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2.1 SREBPi&E#
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(R AR o, 6 oo A4 % i 44 S Sterol regulatory
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YA FH 2 EAH G A IR IR IE i, — 5T, AP [ i 45 4 SCAP, il i SCAP-SREBP I AR TE i 55 /K 1 41 1l HEL 851 1 5 i ik PR ¥ R0 s o — 5 T,
JIEL] 45 il T A lanosterol AT A2 k4 R 8 12— IR 1 A J5 B (MG C RO B e, T I AT RE I 45 i o DL T 5230 T DA Rt A A I i I
Fe R BE(ACAT)FE AL 9 [ B2 -

Cholesterol is a specific regulator of SCAP-SREBP pathway. It binds SCAP, alters its conformation, and therefore inhibits the transport of SREBP from
ER to Golgi. On the other hand, lanosterol, an intermediate in cholesterol synthesis, is an endogenous regulator for the degradation of HMGCR. Acyl-
CoA: cholesterol acyl-transferase(ACAT) catalyzes the formation of cholesterol ester.

1 RBEEH & R
Fig.1 Regulation of cholesterol biosynthesis
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reductase). HMGCS(3-hydroxy-3-methylglutaryl co-
enzyme A synthase)25 3[R [l 3L e Rk .
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(SREBP)P, J:T-& 4 1 1 )7 4, e % 2 SREBPH:
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B BAl. 1% Jk K B Ay 44 9SREBP cleavage activating
protein(SCAP). SCAPIN-%i 7254 & 3 B2 41 i J\ Ik
PSR IX, CR M550 = FL R /K W m) Lo, & A
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Fig.2 SCAP-SREBP pathway



HNEE AE A L ] R A A SRS R AL

405
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ERIZ fil % /K 2. E N H B B J5, SCAPE H
WA 25 N B Cop MB B /MNE . 7 51 RAZ 7 Hr
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acid-leucine) B ¥ /1 3 7 5 Copll/)N ¥l £ 1Sec23/24
G546 . 2N ST JELE A B B I, SCAP Loop 644
BR LA, (EMELADLITGVE 5 Sec23/24 82, MM
& M SCAPH F T0VEE AN BICOPIME B /ML . XA
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Yl USSR BEAT AR R . R FOKTF L,
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Insig-2 00 /N B IE A, HMGCR 25 7K 1 1
TILE AR,
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Fig.3 Sterol-regulated degradation of HMG-CoA reductase
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Regulation on HMGCR degradation Regulation on SREBP pathway
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Fig.4 Function of gp78 in lipid metabolism

/INFRHFBEFHHMHCR S Insig- 15 (A & & BN T .
T A ARG M b 8258 43 A, B ZRHMGCR
ZERNRZEZER D HEBEE, Insig-28 A8 DAE
R e 1 35 0 25 18, 2% B Insig-2tH 42 gp 78 1) P4 i
JEAeL,

W F A RN ER LR, AT IL-gp78" /N B,
FHHMGCR ) Big i ) 38 58, {51 [ B A0 T8 07 R 55 g
T A R AR R T PR AR AR o A KN, L-
gp78 /N BRI I Fh SREBPHE JE [K R ik N if. 45&
Western blot73 ¥, L-gp78 /N i T HE #H SREBP 1%, 24
BIUIERE AN E 7. X B Insigle 34 £, PHIE T
SREBP S FABIY), 12> 5 0 [E BA il 1) 55 R 36
5. BIRHMGCREFEMESE N 1, (HH b B
FEIE TN, e B AR A Ao L [ P s (L 4)9T

25 B PR, HMGCRAE 4 [IH [ B4 s 1) B 3 ik,
2 JIH [ e e s A ) ) B LR 5 47 . HMGCRZ 3|
Z AN KCF R 2, b B 5 3 FIHMGCR & H B
fR R HmER RIS . gp78E M FRX—EEMZ R

FE . USd 1 B M ARAE B — MR 7 2
1115958 %383 gp 78 HO ZD AL 4 25 IR T % gp78
AEERTIRRAG T . L TARRGRIE % el gp78 T
DL it B 37 A

3 BE

JOEL 3] T2 A A R 7L 0 7 400 i v e 2 S 4D AR /D
Y2, RIEEEZEIEDFINEE, SR A
fe B SR AH S . S EH T E [ A i s Ak P B T 1 1)
FFRIG 2 —, PR R ] e ol 1) 2 5 ARG )
VAT AV R A0 MR AR B TR . R = E R R R, A AR
AR BN, A R TR KBRS, &
BOSER RS EOCH, - AR .

ARG T H T FE A, B R R —
BB T LR C R IX AR 5. 2T %
Bl IR — A LR R 5 K I, SREBPI# % 5
HMGCRW%@E%@@%?M%J BTG WO K. i

T I R A 2 )38 I ) A e KT B LR R



408

RFAILRIR -

JEi 7K R 2 T T 1 5 s L O T RS 42

R e i i AT R, BEE T T

WA, &

L EZ e UNp €8

10

12

13

14

SEHk (References)

Hanukoglu I. Steroidogenic enzymes: Structure, function, and
role in regulation of steroid hormone biosynthesis. J Steroid
Biochem Mol Biol 1992; 43(8): 779-804.

Jeong J, McMahon AP. Cholesterol modification of Hedgehog
family proteins. J Clin Invest 2002; 110(5): 591-6.

TREEAR, ARORSE. DO IE I BB FEE S AR B AR
(Zhang Yingyu, Song Baoliang. Progress in the mechanism of
dietary cholesterol absorption. Acta Biophysica Sinica) 2012;
28(7): 573-82.

Bloch K. The biological synthesis of cholesterol. Science 1965;
150(3692): 19-28.

Goldstein JL, Brown MS. Regulation of the mevalonate pathway.
Nature 1990; 343(6257): 425-30.

Brown MS, Goldstein JL, Dietschy JM. Active and inactive
forms of 3-hydroxy-3-methylglutaryl coenzyme A reductase
in the liver of the rat. Comparison with the rate of cholesterol
synthesis in different physiological states. J Biol Chem 1979;
254(12): 5144-9.

DeBose-Boyd RA. Feedback regulation of cholesterol synthesis:
Sterol-accelerated ubiquitination and degradation of HMG CoA
reductase. Cell Res 2008; 18(6): 609-21.

Espenshade PJ, Hughes AL. Regulation of sterol synthesis in
eukaryotes. Annu Rev Genet 2007; 41: 401-27.

Briggs MR, Yokoyama C, Wang X, Brown MS, Goldstein JL.
Nuclear protein that binds sterol regulatory element of low
density lipoprotein receptor promoter. I. Identification of the
protein and delineation of its target nucleotide sequence. J Biol
Chem 1993; 268(19): 14490-6.

Wang X, Briggs MR, Hua X, Yokoyama C, Goldstein JL, Brown
MS. Nuclear protein that binds sterol regulatory element of
low density lipoprotein receptor promoter. II. Purification and
characterization. J Biol Chem 1993; 268(19): 14497-504.
Yokoyama C, Wang X, Briggs MR, Admon A, Wu J, Hua X, et
al. SREBP-1, a basic-helix-loop-helix-leucine zipper protein
that controls transcription of the low density lipoprotein receptor
gene. Cell 1993; 75(1): 187-97.

Parraga A, Bellsolell L, Ferre-D’Amare AR, Burley SK. Co-
crystal structure of sterol regulatory element binding protein la
at 2.3 A resolution. Structure 1998; 6(5): 661-72.

Foretz M, Guichard C, Ferre P, Foufelle F. Sterol regulatory
element binding protein-1lc is a major mediator of insulin action
on the hepatic expression of glucokinase and lipogenesis-related
genes. Proc Natl Acad Sci USA 1999; 96(22): 12737-42.
Tontonoz P, Kim JB, Graves RA, Spiegelman BM. ADD1:
A novel helix-loop-helix transcription factor associated with
adipocyte determination and differentiation. Mol Cell Biol 1993;
13(8): 4753-9.

Sato R. Sterol metabolism and SREBP activation. Arch Biochem
Biophys 2010; 501(2): 177-81.

Sato R, Inoue J, Kawabe Y, Kodama T, Takano T, Maeda M.

18

19

20

21

22

23

24

25

26

27

28

29

30

Sterol-dependent transcriptional regulation of sterol regulatory
element-binding protein-2. J Biol Chem 1996; 271(43): 26461-4.
Sakai J, Nohturfft A, Goldstein JL, Brown MS. Cleavage of
sterol regulatory element-binding proteins (SREBPs) at site-1
requires interaction with SREBP cleavage-activating protein.
Evidence from in vivo competition studies. J Biol Chem 1998;
273(10): 5785-93.

Rawson RB, Zelenski NG, Nijhawan D, Ye J, Sakai J, Hasan
MT, et al. Complementation cloning of S2P, a gene encoding a
putative metalloprotease required for intramembrane cleavage of
SREBPs. Mol Cell 1997; 1(1): 47-57.

Brown MS, Ye J, Rawson RB, Goldstein JL. Regulated
intramembrane proteolysis: A control mechanism conserved from
bacteria to humans. Cell 2000; 100(4): 391-8.

Chang TY, Limanek JS. Regulation of cytosolic acetoacetyl
coenzyme A thiolase, 3-hydroxy-3-methylglutaryl coenzyme A
synthase, 3-hydroxy-3-methylglutaryl coenzyme A reductase,
and mevalonate kinase by low density lipoprotein and by 25-
hydroxycholesterol in Chinese hamster ovary cells. J Biol Chem
1980; 255(16): 7787-95.

Hua X, Nohturfft A, Goldstein JL, Brown MS. Sterol resistance
in CHO cells traced to point mutation in SREBP cleavage-
activating protein. Cell 1996; 87(3): 415-26.

Nohturfft A, Brown MS, Goldstein JL. Topology of SREBP
cleavage-activating protein, a polytopic membrane protein with a
sterol-sensing domain. J Biol Chem 1998; 273(27): 17243-50.
Nohturfft A, Brown MS, Goldstein JL. Sterols regulate
processing of carbohydrate chains of wild-type SREBP cleavage-
activating protein (SCAP), but not sterol-resistant mutants
Y298C or D443N. Proc Natl Acad Sci USA 1998; 95(22): 12848-
53.

Yang T, Espenshade PJ, Wright ME, Yabe D, Gong Y, Aebersold
R, et al. Crucial step in cholesterol homeostasis: Sterols promote
binding of SCAP to INSIG-1, a membrane protein that facilitates
retention of SREBPs in ER. Cell 2002; 110(4): 489-500.

Yabe D, Brown MS, Goldstein JL. Insig-2, a second endoplasmic
reticulum protein that binds SCAP and blocks export of sterol
regulatory element-binding proteins. Proc Natl Acad Sci USA
2002; 99(20): 12753-8.

Yabe D, Komuro R, Liang G, Goldstein JL, Brown MS.
Liver-specific mRNA for Insig-2 down-regulated by insulin:
Implications for fatty acid synthesis. Proc Natl Acad Sci USA
2003; 100(6): 3155-60.

Tang JJ, Li JG, Qi W, Qiu WW, Li PS, Li BL, et al. Inhibition of
SREBP by a small molecule, betulin, improves hyperlipidemia
and insulin resistance and reduces atherosclerotic plaques. Cell
Metab 2011; 13(1): 44-56.

Goldstein JL, Bose-Boyd RA, Brown MS. Protein sensors for
membrane sterols. Cell 2006; 124(1): 35-46.

Song BL, Javitt NB, DeBose-Boyd RA. Insig-mediated
degradation of HMG CoA reductase stimulated by lanosterol, an
intermediate in the synthesis of cholesterol. Cell Metab 2005;
1(3): 179-89.

Sever N, Song BL, Yabe D, Goldstein JL, Brown MS, DeBose-
Boyd RA. Insig-dependent ubiquitination and degradation
of mammalian 3-hydroxy-3-methylglutaryl-CoA reductase
stimulated by sterols and geranylgeraniol. J Biol Chem 2003;



HONEE AE A L ] BB AR A SRS R AL

409

31

32

33

34

35

36

37

38

278(52): 52479-90.

Engelking LJ, Evers BM, Richardson JA, Goldstein JL, Brown
MS, Liang G. Severe facial clefting in Insig-deficient mouse
embryos caused by sterol accumulation and reversed by
lovastatin. J Clin Invest 2006; 116(9): 2356-65.

Engelking LJ, Liang G, Hammer RE, Takaishi K, Kuriyama H,
Evers BM, et al. Schoenheimer effect explained—feedback regu-
lation of cholesterol synthesis in mice mediated by Insig proteins.
J Clin Invest 2005; 115(9): 2489-98.

Song BL, Sever N, DeBose-Boyd RA. Gp78, a membrane-
anchored ubiquitin ligase, associates with Insig-1 and couples
sterol-regulated ubiquitination to degradation of HMG CoA
reductase. Mol Cell 2005; 19(6): 829-40.

Joshi B, Li L, Nabi IR. A role for KAIl in promotion of cell
proliferation and mammary gland hyperplasia by the gp78
ubiquitin ligase. J Biol Chem 2010; 285(12): 8830-9.

Tsai YC, Mendoza A, Mariano JM, Zhou M, Kostova Z, Chen B,
et al. The ubiquitin ligase gp78 promotes sarcoma metastasis by
targeting KAI1 for degradation. Nat Med 2007; 13(12): 1504-9.
Vij N, Fang S, Zeitlin PL. Selective inhibition of endoplasmic
reticulum-associated degradation rescues DeltaF508-cystic
fibrosis transmembrane regulator and suppresses interleukin-8
levels: therapeutic implications. J Biol Chem 2006; 281(25):
17369-78.

Yang H, Liu C, Zhong Y, Luo S, Monteiro MJ, Fang S. Huntingtin
interacts with the cue domain of gp78 and inhibits gp78 binding to
ubiquitin and p97/VCP. PLoS One 2010; 5(1): ¢8905.

Ying Z, Wang H, Fan H, Zhu X, Zhou J, Fei E, et al. Gp78, an
ER associated E3, promotes SOD1 and ataxin-3 degradation.
Hum Mol Genet 2009; 18(22): 4268-81.

39

40

41

42

43

44

45

46

Ying Z, Wang H, Fan H, Wang G. The endoplasmic reticulum
(ER)-associated degradation system regulates aggregation and
degradation of mutant neuroserpin. J Biol Chem 2011; 286(23):
20835-44.

Chen Z, Du S, Fang S. gp78: A multifaceted ubiquitin ligase
that integrates a unique protein degradation pathway from the
endoplasmic reticulum. Curr Protein Pept Sci 2012; 13(5): 414-
24.

St PP, Nabi IR. The Gp78 ubiquitin ligase: Probing endoplasmic
reticulum complexity. Protoplasma 2011; 249 Suppl 1: S11-8.
Cao J, Wang J, Qi W, Miao HH, Wang J, Ge L, et al. Ufdl is a
cofactor of gp78 and plays a key role in cholesterol metabolism
by regulating the stability of HMG-CoA reductase. Cell Metab
2007; 6(2): 115-28.

Lee JN, Song B, DeBose-Boyd RA, Ye J. Sterol-regulated
degradation of Insig-1 mediated by the membrane-bound
ubiquitin ligase gp78. J Biol Chem 2006; 281(51): 39308-15.
Gong Y, Lee N, Lee PC, Goldstein JL, Brown MS, Ye J. Sterol-
regulated ubiquitination and degradation of Insig-1 creates
a convergent mechanism for feedback control of cholesterol
synthesis and uptake. Cell Metab 2006; 3(1): 15-24.

Engelking LJ, Kuriyama H, Hammer RE, Horton JD, Brown MS,
Goldstein JL, et al. Overexpression of Insig-1 in the livers of
transgenic mice inhibits SREBP processing and reduces insulin-
stimulated lipogenesis. J Clin Invest 2004; 113(8): 1168-75.

Liu TF, Tang JJ, Li PS, Shen Y, Li JG, Miao HH, ef al. Ablation
of gp78 in liver improves hyperlipidemia and insulin resistance
by inhibiting SREBP to decrease lipid biosynthesis. Cell Metab
2012; 16(2): 213-25.





