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W E: EAFJEHEAC (apolipoprotein C, ApoC)FK ik H & EE i — 5, ApoC37EH 1 = BRAC I I e = ZAEM, [H
BEAE O A P00 BEIR AR SR AL N R A R RIEEZAER . RS VI D7 T (nonalcoholic fatty liver disease, NA-
FLD) & 4 8 # 7E A A TEIS PR s R HARHAT R B oL, BRI A KRR RIS . BRAA KERTT LR,
ApoC3MHEER 22 8 E . miRIE 5NAFLDZ [AIfEEAH M, BOEA 4+ AL LAy H i = I8 IfL%E (hypertriglyceridemia, HTG)
R, LHRApoC3 5 NAFLD. R 2 g & BAH A T e < TRl )Rk, 2 B ApoC3AMY m] Lsd i 4 il i £ 1 IR B (lipoprotein
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Abstract: As a member of the apolipoprotein C (ApoC) family with a relatively high content, ApoC3 plays a major role in the regulation
of triglyceride metabolism, and plays an important role in the occurrence and development of cardiovascular diseases, glucose and
lipid metabolism disorders. Nonalcoholic fatty liver disease (NAFLD) refers to the accumulation of a large amount of fat in the liver
in the absence of a history of chronic alcohol consumption or other damage to the liver. A large number of previous studies have
shown that there is a correlation between the gene polymorphism and high expression of ApoC3 and NAFLD. In the context of hyper-
triglyceridemia (HTG), this article reviews the relationship between ApoC3 and NAFLD, glucose and lipid metabolism, and islet
cell function, showing that ApoC3 can not only inhibit lipoprotein lipase (LPL) and hepatic lipase (HL) activity, delay the decomposition
of triglyceride in plasma to maintain the body’s energy metabolism during fasting, but also be significantly increased under insulin
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resistance, prompting the liver to secrete a large amount of very low-density lipoprotein (VLDL) to induce HTG. Therefore, targeting

and inhibiting ApoC3 might become a new approach to treat HTG. Increasing evidence suggests that ApoC3 does not appear to be an

independent “contributor” to NAFLD. Similarly, our previous studies have shown that ApoC3 is not an independent factor triggering

islet B cell dysfunction in ApoC3 transgenic mice, but in a state of excess nutrition, HTG triggered by ApoC3 high expression may

exacerbate the effects of hyperglycemia and insulin resistance on islet B cell function, and the underlying mechanism remains to

be further discussed.
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59 AL By C. E%, fEfRFUF G RIEE
BAEH, HrhJubl C RS EHmE. ApoC & —Fhjy
TREARIKKBIEEAR, 27040 T M5 &%
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ghgse ik ' (TRLs A a2 WA 1).
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Fig. 1. Mechanism diagram of synthesis of triglyceride rich lipoproteins (TRLs). VLDL, very low-density lipoprotein; LDL, low-

density lipoprotein; CM, chylomicron; LPL, lipoprotein lipase; GPIHBP1, glycosylphosphatidylinositol-anchored high-density

lipoprotein-binding protein 1; ANGPTL, angiopoietin-like protein; HSPG, heparan sulfate proteoglycans; LMF1, lipase maturation

factor-1; ApoC2, apolipoprotein C2; ApoC3, apolipoprotein C3; ApoAS, apolipoprotein A5; ApoE, apolipoprotein E; FFA, free fatty

acid.
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WRAENEEGREZER, BN HTG K
TR A% S (1) 1 BEEA Y . AR R DURR R 2
YRR} PRAR TG R0 55 3K 2 HH BT Ji 4 1 1O,
(BT LRI ) RGP MZE 2 TR, &
Hh =l AN/ B Y R R B AR R R PR
&, X HTG #4791, BT R25 B “ 5%
BRI O I A 5 RS o

Petersen 25 P! H 35 7 — b AR E ST 1R 0 B 0
H A A TE R RSN D B, A A i B A
T 55 (R 20 DNA, AR 40 25 K 70 20K H o A A -
{RFRIE (BF A7 ) SNPs 2H fll 5 3Rk (285 ) SNPs 4H,
RN, H5KE A SNPs 4LAHEL, 7 % ik SNPs
HAERF MK ApoC3 IRIEHEIN T 30%, ZHEIMIK TG
HWREEMIHE N T 60%. Chhabra 25 22! 5@ 5 B 75 3% 4 B
AL HE 1 iR 139 44 fik B 25 T8 B M 1) ApoC3 Sst 1
Z & E (A7 4y A SIS1. S1S2. S2S2 = fih & [K 7Y )
Hifi 3¢ TG Bk R, #5717 S1S2 B ZE A7 FL R 1)
MERA HTG B L2451 SIST RS £L KN4
(1) 3.2 4%, FWIFETIMEDEE NFE b, Sst 1) S2 Y
AN 5 HTG MR 4w A, A B 3R
Sst I [ S2 BYEEAL BRI vy HTG Sy &ML — />
G N K. Bai 25 ™ %ok [ o A 3 850
2 ERE AT, ENEHMEE, FIH PCR
Al MALDI-TOF-MS # R %t 6 4~ Ih fig 4 SNPs #k 1T
R, SEHREIR, ApoC3 1s5128 £ A £ 251k
5 HTG 5%,

X TR0 IR ) ABER UG, LK ApoC3 Ik BE
214 8~10 mg/dL, [7E HTG & difi 2% ApoC3 )
WEE AT R IA R 3 45 M B /N AL b [RIRE AT AR B
ApoC3 B FRIAF REE K HTG (I FZFE K P,
AN I FTIRIESE, ApoC3 AN S T i 43 it TG
(P S FIFE L, A B 75 2R 1A ¥ ApoC3 i&{# VLDL-
TG i B A2 18 2529, B4R, ApoC3 J& TG 1
ME B R, e E AR T, EIEF
5N, ApoC3 %5 HDL 454 (24 LPL /Kfi# VLDL
i, ApoC3 2> M\ VLDL £ [ % # % HDL & [ ),
IMAE HTG KIS #F AN, ApoC3 4 )\ HDL K ¥ 1%
Hiok 5 VLDL il CM 254, HERRE 5 Rt
SR R A O M. ApoC3 Bl HiiA y LPL A
HL i), IX W R AR iy 67 57 4= & TG kR &7
J& 455 (K 52 42 B ApoC3 £ 345 T ik VLDL-TG 43tk
s —EEH. BT EIR, ApoC3 3T TR RUE
Ji Hg i (lumenal lipid droplets, LLD) & & TG )

LLD K& AN ¥4 VLDL, MMt E & TG )
VLDLI $iki 95k, 13X — 208 AT 4 [K T ApoC3 1
41~79 FE R FERRIRIE X IR BT 45 Ak B, A
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PEFAZ I cDNA, 1 KSSE) A EL R 3L i o 45 &1,
S ApoC3 7£ fi£ # & & TG f LLD il VLDLI1 43
WATE 5 T B Th e R g PO S g S A8 I Bk
AR H I =854 5 A (microsomal triglyceride transfer
protein, MTP) 35 14 3% A B L 1 0t T P2 48, R
ApoC3 fi£i# LLD fJE s A'E & TG 1)k VLDLI fit
KLE 4y 96, TS5 MTP 5% BV 5 e 78— 5,
AWFFAR 7 ER, ApoC3-tg /MR ATIE VLDL-TG
SR, TAFIE MTP ik ks . FFE,
AT TS LAE ApoC3 tg AT A= /)N B e A A6 ) 28] fF
I ApoB mRNA 7K-F R4, X5 ApoB mRNA
H RIS AT ApoB & I AL E SE R R KT 52
P JEFg 4k B B B2 (non-esterified fatty acid, NEFA) Ji&
P e] FIVE B R R X — R —E Y, B Z R
IO R, ApoB i 1K A2 8 K A B fife . 13X
BT, AUFRHM RN, ApoC3-tg /NI i DT
PR K S 2 vy, I LI P OR AE = R SR R
Jal B3, AT e AL e N BT A 3 MR R 1
T A AR B BR PR AL AR HE T TG AR, IX
Fi/E 5 ApoC3 43 1) & & TG If) LLD ¥ I 175
S E BT IF VLDL-TG f953 W, 354 BT B IF
JEJR )£, 5 ApoC3 X ApoC3-tg /I B M i 42 1
B IMEAEH—2

R R W], ApoC3 7E HTG ) J¥ piid
R T EEMO, FARE LGRS
(1) {23 VLDL & ;i i H e 5 77 4E 5 (2) #l il
LPL f#13& 1 5 (3) Tt ApoE 4131 TRLs 541/
%44 (LDLR F1 LRP1) H45 A, 32 17 & 35 JH- 441 %)
TRLs (IECANE B B, i 22 15 AR I A B
B HTG HBE KN ApoC3 KM AN & L] LPL
s, RAREIRER ApoC3 A Al 41| LPL [)i%
P B9, 25 e F) ApoC3 £E4H i ik AT 23 VLDL-TG
(4 HE A oy s, FRATIAE AR - ApoC3 HE gt T HTG
IR, {H0 ApoC3 [ 43 WA tH 0] Be 2= 175 K g Wi
Ak
2.2 ApoC35NAFLD

NAFLD A2 $5 B 109 k% A1 At B 8 ) I 450 35 (R 3%
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NAFLD oAt 5t b 380 DL — b2 1t
[ B A2 B R A 1) 32 B R 2 —

Petersen %5 PV B 5t WoR, i T8 3 T X 8 1
152854116 (T-455C) J rs2854117 (C-482T) fir i 1%
A1 5 NAFLD #5%. Kozlitina 2 7 3@ i %} 1 228
ZAEM B R E N 843 AR 3 E A 426 4474
WA HEEENBATER DB, KRS REE T
Petersen 25 A\ {12516, B 52854116 (T455C) }% 12854117
(C-482T) fi S (%2 A1 5 NAFLD J%. Song 4 P
I PCR Rl s i 776 132 44 NAFLD # %
F1 252 4 fe FET RS SE D S AT I 7, R B ApoC3
1s2854116 177 55 ()% 251 5 NAFLD 5t 5%, 1M
Puppala 2 P 3@ i 150 4 NAFLD 3% J 5 HAR
U4 P 3 AH VT E 1) 150 44 1 JE N BEGN N A 5, SR H
PCR-RFLP [ 777246 ApoC3 fRIFEFEIAY, 2 #r iy
fEJR i, 455 5x, NAFLD 4% TG ()& & &
TR, [FIRHAL T E 307 X3 152854116 (T-455C)
KIS 2 A M5 NAFLD & #4155, T 5% — 67 &
152854117 (C-482T) K12 &1 5 NAFLD %, Tong
24 VO A0 Jain 25 U (R 7E FIRE DR ApoC3 152854116
P2 A5 NAFLD 5 &R %, Fik ApoC3
FRZ &M 5 NAFLD 2 [8) 2 % A KRB — 1
RBATIAEAE S

BT XS 5, MR RIX — 40308
AT TIRAIFIT. Lee %5 ™ R HLE R B IR B4 A1E T,
ApoC3-tg /NI IEH TG & 38, [ & iR
36 3 ApoC3-tg /N B IF 7 VLDL-TG 1) 43 WA &
b, REIMIK ApoC3 [ F+ = /I BROR 2B g ik &
7% 5 NI NAFLD, MAMA T &R ER/NR2IE
1 2% HR R 5 IR T R AR B OE AR B /D BR A B
B . N T 7R ApoC3 %t NAFLD [ B % 5 1,
AT P IE T ApoC3-tg /N FFTEF A= AL /N R 1)
FERE AR AR, 45 3R, REFAMIEN HTG,
ApoC3-tg /N i RN % & 4= NAFLD. & W 5t 41 76
ApoC3-tg /NERAIGIUE TiIX— K IEERE 7 MH,
ERBEREANH, mEHRE1I0MHE, RE
e SR PR 7 R R v I PR R 5 O I b g et P AR
X, EARYE AT 4232 0T g 10 25 2 e = 05
ApoC3-tg FlHF Az B /IN R 2 8] (1 Jig J 722 1 i A T
X 7o 3X P05 W8T A R I A BROAE SG BE 1R [ 2
$S WA AT e 45 & B E e (sterol regulatory element
binding protein 1c, srebp-Ic). fig Wi BR & 1% B (fatty
acid synthase, fas). < Bt4HEE A 1L (acetyl-CoA

O ER AN C3AE AR PEAR T A A AR 25 B4 A h e A 5 mh O AR 77

carboxylase, acc). 1 ALV B 1A 3G FE P E0E 32 4
v W BIE AL AT 1B (peroxisome proliferator-activated
receptor y coactivator-1pB, pgc-18). L AL ¥y B {4 1
YH W) BT 52 1K v (peroxisome proliferator-activated
receptor v, ppar-y)] AU W R SEAAR G ] [ 4nid 4R
AW Y8 FE WS 52 AR o (peroxisome proliferator-
activated receptor o, ppar-o). R FEHRELE R R 1
(carnitine palmitoyltransferase 1, cptl). B & 5 g A
FALHE 1 (acyl-CoA oxidase 1, acoxI)] ik = A1k,
AR KHEFRAB L RIE T ApoC3 j&2 NAFLD
ST S R RO R . 5AWT A ki T4 R —
BRI R G245 R s P B R LI ApoC3
AF A (C-482T Ml T-455C) 5 ApoC3 Ty g 3R 45 4H %,
5 HTG By L M, 5 N EH NAFLD G %,
FAEHEAT C-482T F T-455C v 5 [X] 5 [7] i 485 471X
P A S5 o TR AN [A) A AR (B4R AR N 25 N
RRE L E A TP EREAN. ERRE A BR
FNAE N ) 3 I — BRI X — 453
WAEE T Lee & M 1wt 45 H, (BB 75 RAE
1 ApoC3 Hj& HTG 1 — N EEF KKK, HAKHM
5 HTG W) R 4% UIAH 5%, B X T NAFLD K i,
ApoC3 FEAE—M iy HE BN “TiikE” (K 2).

3 ApoC35p4HRRTHEERERS

PR i — 2L v 22 95 DR 5 RS P AR A v LR Dy
FRAE AR, R 25 R R, RS
P 4 Th REGRRE AN / B B ANBIA AT %

FALRNB. SOER T R R TR R A
Je FE P AMMEIh RIS E R R, AP
5 B 4 o B 5 3R . HTG /& AR 25 &5 1 221K
H i UL IR R 25 EL, HTG B TRLs 5% 9 780
R G B 2 S B Kok R AL, AT 4 T e
AR B ke XU AT e . BAR HTG 5 R AN 2
RUBE R % PIA 9%, (H HTG A 5 2752 B 413
RE R 05 1 350 K 2R AN T 0 2 . ApoC3 AE N TG
AR BT T, SRR TR B A
DRe Z ARG ME — EAPAE S . WTFERIT, RS
. VEJelE X 2. PPAR-a AfFE{Ik ApoC3 1% 3%
A L AR g ApoC3 AR ) B R R, A
Bl EE L 5 I AZ R T -4 (hepatic nuclear factor 4,
HNF4) F1 i /K AL & W) e S oo A 45 & 5 H (carbohy-
drate response element binding protein, ChREBP) 1f: H
JE R ApoC3 IZIE e LA AL T 1 & FHEHT
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RA WS, ApoC3 KK ik 2 b, @it TPK-PI3K-
AKT 155 B K K EEH, XkHEHE A Ol
(forkhead box protein O1, FoxO1) J& i & 25 518 %
FIEE Z 59 F, T2 PBK/AKT {5 58 4% 1) B %
N, ZHBSA RS RE Y, AR
BT R, 1ERIE ApoC3 240 i H FoxOl
Ry 1,

W, TEIR S H=ICPU T 40 M F, FoxOl
R AL/, dE TRk 7 LI A [ApoC3. i &
B -6- BEIR M (0% 5 A48 B QB ) A& mttpl (—Fp S
HeEO MMM AW = RE%EA )W
3k BN, btk Avall 25 BY R TR ALIE /N B (B
R E 2 I B 2 HEP AN R I ) BB
B R A RMIER, FEETT ApoC3 X B il
iR mr=AfmfER, 25uESE, UhERIN
Jifs B AKPUES, 73 FoxO1 SRR AL /K F#A%, f2fd
ApoC3 TEAERE/N RS P RIAM 2, M S8 Ca™
WIS N caspase 3/7 B I 45 S B 4l K A4
T,

Avall 55 1Ay ik — 25 E 52 B 55 N ApoC3 7K P
XTI B A R T e S A TE S, ok H ApoC3
BE DR ml B /N BRI Ji i B 1 42 CSTBL/6 /N (B6 /R )
AR, R E B6 /N B BRI B 2 R —
R ZE IR, SRIEEBEDRREERE, 558
JiE B AR EE, SR ApoC3 & [R] il B /I B 11 g &% 4% in
W BE AR /0N, TR B P I % B W 4 o =
NAD(P)H:FAD HLH IR, RWP S N ApoC3 & &
PP BELIE T B 5 5 ) RE SN

AW 504 R 7 45 R B 5 Avall 45 PU A TR
[El, %57 ApoC3-tg /)N R AT X I A= 7Y /) R I 7 3
IR R R IR, WS ApoC3 ik & B 4 A1t
o, gREOR, fEEEIREERIET, ApoC3-tg
S A R[] 5 /0 BRRR) o 2 B A T R R R
B UAE EEARSL, A AH R KT B B U, 2
5509 5 B2 A e 0 R R ) R DR [ T
(glucokinase, gck) Fll 4 %j ¥l % iz 28 A 2 (glucose
transporter 2, glut2)]. JiR & 2 A5 5 5 H [ R 1
(insulin 1, insl) F1JE 5 2 2 (insulin 2, ins2)] F1X T
BEAN, X5 S5 A RO 5 ) 4 A O
B K7 [ RARATT — 48 M [FYE & 1 (pancreatic and
duodenal homeobox-1, pdxI). v-maf JJl i & 1 2] 4
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Fig. 2. Relationship between ApoC3 and hypertriglyceridemia (HTG), nonalcoholic fatty liver disease (NAFLD), and B-cell function.
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acyl-CoA oxidase 1; gck, glucokinase; glut2, glucose transporter 2; ins/, insulin 1; ins2, insulin 2; ApoC3, apolipoprotein C3; pdx!,

pancreatic and duodenal homeobox-1; WT, wildtype; LPL, lipoprotein lipase; VLDL, very low-density lipoprotein; HDL, high-density

lipoprotein; LDLR, low-density lipoprotein receptor; LRP1, low-density lipoprotein receptor associated protein 1; LLD, lumenal lipid

droplets.
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Fig. 3. The mechanism diagram of ApoC3 inhibitors. +: promotion effect; —, inhibition effect. ASO, antisense oligonucleotides; ALA,

alantolactone; FNB, fenofibrate; RRFs, Rosa rugosa flavonoids; GalNA_,, triantennary N-acetyl galactosamine; ASGPR, asialogly-

coprotein receptor; ApoC3, apolipoprotein C3; STAT3, transducer and activator of transcription 3; FoxO1, forkhead box protein O1;

LPL, lipoprotein lipase; TG, triglycerides.

ApoC3 TJfE & NAFLD 897 T TIA K B s, E#%
PEIY) ApoC3 41kl T G 245 5 FFJIE VLDL-TG )53,
SN Z AR HERL. L b, 7E ApoC3
IRl g [ /D B B i B IR 2 S R A, Tk =
ApoC3 i #8i V£ i) LPL 7% V£ ik 55, #ff S 2 3% 386
TR AR R S R AR Y, R, 7
— B I R s T B AR 2R TG K 118
ApoC3 #7275 5 & 4= NAFLD [ XU in 4 2%

AT TIANE SRR, HTG HAREAE NG K
ApoC3 # BRI/ B 41 HTh Refafig (L R 2, H
FEJG S RARPUAFAERS, ApoC3 Xk &y B 40 it KA X
EAERT, SRS B A B 3G IR R B AR R K
B AT RERLHI 0 R %2 Rk, RATAS
REHERRAEE FR L FIIRE T, ApoC3 HRIA AT 5 A1)
HTG 7] &2 0] s IR R & 2 HK 0t ik & B &l
NRERIAE Em, WA A RN AR “hE g
B, S5l RIEE B A M A A RO 5 B 2 B HE
PRI R B 40 AR T RERI AR A, FLRTRERIAE AL
HG R BRATRNIR S

S50

1 D’Erasmo L, Di Costanzo A, Gallo A, Bruckert E, Arca M.

ApoClIII: A multifaceted protein in cardiometabolic disease.

Metabolism 2020; 113: 154395.

Garenc C, Aubert S, Laroche J, Girouard J, Vohl MC,
Bergeron J, Rousseau F, Julien P. Population prevalence of
APOE, APOC3 and PPAR-alpha mutations associated to
hypertriglyceridemia in French Canadians. J] Hum Genet
2004; 49(12): 691-700.

Norata GD, Tsimikas S, Pirillo A, Catapano AL. Apolipopro-
tein C-1II: From pathophysiology to pharmacology. Trends
Pharmacol Sci 2015; 36(10): 675-687.

Xu QY, Li H, Cao HX, Pan Q, Fan JG. APOC3 rs2070667
associates with serum triglyceride profile and hepatic inflam-
mation in nonalcoholic fatty liver disease. Biomed Res Int
2020; 2020: 8869674.

Xiao C, Hsieh J, Adeli K, Lewis GF. Gut-liver interaction in
triglyceride-rich lipoprotein metabolism. Am J Physiol
Endocrinol Metab 2011; 301(3): E429-E446.

Shachter NS. Apolipoproteins C-I and C-III as important
modulators of lipoprotein metabolism. Curr Opin Lipidol
2001; 12(3): 297-304.

Wolska A, Dunbar RL, Freeman LA, Ueda M, Amar MJ,
Sviridov DO, Remaley AT. Apolipoprotein C-II: New find-
ings related to genetics, biochemistry, and role in triglyceride
metabolism. Atherosclerosis 2017; 267: 49-60.

Borén J, Packard CJ, Taskinen MR. The roles of ApoC-III
on the metabolism of triglyceride-rich lipoproteins in
humans. Front Endocrinol (Lausanne) 2020; 11: 474.



776

10

11

12

13

14

15

16

17

18

19

H B4R Acta Physiologica Sinica, December 25, 2023, 75(6): 767778

Malalla ZH, Al-Serri AE, AlAskar HM, Al-Kandari WY,
Al-Bustan SA. Sequence analysis and variant identification
at the APOC3 gene locus indicates association of rs5218
with BMI in a sample of Kuwaiti’s. Lipids Health Dis 2019;
18(1): 224.

Meyers NL, Larsson M, Vorrsjo E, Olivecrona G, Small
DM. Aromatic residues in the C terminus of apolipoprotein
C-III mediate lipid binding and LPL inhibition. J Lipid Res
2017; 58(5): 840-852.

Taskinen MR. Diabetic dyslipidaemia: from basic research
to clinical practice. Diabetologia 2003; 46(6): 733-749.
Basu D, Bornfeldt KE. Hypertriglyceridemia and atheroscle-
rosis: Using human research to guide mechanistic studies in
animal models. Front Endocrinol (Lausanne) 2020; 11: 504.
Kristensen KK, Leth-Espensen KZ, Mertens HDT, Birrane G,
Meiyappan M, Olivecrona G, Jergensen TJD, Young SG,
Ploug M. Unfolding of monomeric lipoprotein lipase by
ANGPTLA4: Insight into the regulation of plasma triglyceride
metabolism. Proc Natl Acad Sci U S A 2020; 117(8): 4337—
4346.

Morita SY. Metabolism and modification of apolipoprotein
B-containing lipoproteins involved in dyslipidemia and
atherosclerosis. Biol Pharm Bull 2016; 39(1): 1-24.

Weber C, Noels H. Atherosclerosis: current pathogenesis and
therapeutic options. Nat Med 2011; 17(11): 1410-1422.
ACCORD Study Group; Ginsberg HN, Elam MB, Lovato
LC, Crouse JR 3rd, Leiter LA, Linz P, Friedewald WT, Buse
JB, Gerstein HC, Probstfield J, Grimm RH, Ismail-Beigi F,
Bigger JT, Goftf DC Jr, Cushman WC, Simons-Morton DG,
Byington RP. Effects of combination lipid therapy in type 2
diabetes mellitus. N Engl J Med 2010; 362(17): 1563—1574.
Keech A, Simes RJ, Barter P, Best J, Scott R, Taskinen MR,
Forder P, Pillai A, Davis T, Glasziou P, Drury P, Kesdniemi
YA, Sullivan D, Hunt D, Colman P, d'Emden M, Whiting M,
Ehnholm C, Laakso M; FIELD study investigators. Effects
of long-term fenofibrate therapy on cardiovascular events in
9795 people with type 2 diabetes mellitus (the FIELD
study): Randomised controlled trial. Lancet 2005;
366(9500): 1849-1861.

Koskinen P, Ménttari M, Manninen V, Huttunen JK, Heinonen
OP, Frick MH. Coronary heart disease incidence in NIDDM
patients in the Helsinki Heart Study. Diabetes Care 1992;
15(7): 820-825.

Rubins HB, Robins SJ, Collins D, Fye CL, Anderson JW,
Elam MB, Faas FH, Linares E, Schaefer EJ, Schectman G,
Wilt TJ, Wittes J. Gemfibrozil for the secondary prevention
of coronary heart disease in men with low levels of
high-density lipoprotein cholesterol. Veterans Affairs
High-Density Lipoprotein Cholesterol Intervention Trial

20

21

22

23

24

25

26

27

28

29

30

Study Group. N Engl J Med 1999; 341(6): 410—418.

Scott R, O'Brien R, Fulcher G, Pardy C, D'Emden M, Tse D,
Taskinen MR, Ehnholm C, Keech A; Fenofibrate Intervention
and Event Lowering in Diabetes (FIELD) Study Investigators.
Effects of fenofibrate treatment on cardiovascular disease
risk in 9,795 individuals with type 2 diabetes and various
components of the metabolic syndrome: the Fenofibrate
Intervention and Event Lowering in Diabetes (FIELD) study.
Diabetes Care 2009; 32(3): 493—498.

Petersen KF, Dufour S, Hariri A, Nelson-Williams C, Foo
JN, Zhang XM, Dziura J, Lifton RP, Shulman GI. Apolipo-
protein C3 gene variants in nonalcoholic fatty liver disease.
N Engl J Med 2010; 362(12): 1082—-1089.

Chhabra S, Narang R, Krishnan LR, Vasisht S, Agarwal DP,
Srivastava LM, Manchanda SC, Das N. Apolipoprotein C3
Sstl polymorphism and triglyceride levels in Asian Indians.
BMC Genet 2002; 3: 9.

Bai W, Kou C, Zhang L, You Y, Yu W, Hua W, Li Y, Yu Y,
Zhao T, Wu Y. Functional polymorphisms of the APOA1/C3/
A4/AS5-ZPR1-BUD13 gene cluster are associated with
dyslipidemia in a sex-specific pattern. Peer] 2019; 6: ¢6175.
Ito Y, Azrolan N, O’Connell A, Walsh A, Breslow JL.
Hypertriglyceridemia as a result of human apo CIII gene
expression in transgenic mice. Science 1990; 249(4970):
790-793.

Cohn JS, Patterson BW, Uffelman KD, Davignon J, Steiner
G. Rate of production of plasma and very-low-density
lipoprotein (VLDL) apolipoprotein C-III is strongly related
to the concentration and level of production of VLDL
triglyceride in male subjects with different body weights and
levels of insulin sensitivity. J Clin Endocrinol Metab 2004;
89(8): 3949-3955.

Ebara T, Ramakrishnan R, Steiner G, Shachter NS. Chylo-
micronemia due to apolipoprotein CIII overexpression in
apolipoprotein E-null mice. Apolipoprotein CIII-induced
hypertriglyceridemia is not mediated by effects on apolipo-
protein E. J Clin Invest 1997; 99(11): 2672-2681.

Wang CS, McConathy WJ, Kloer HU, Alaupovic P. Modulation
of lipoprotein lipase activity by apolipoproteins. Effect of
apolipoprotein C-III. J Clin Invest 1985; 75(2): 384-390.
McConathy WJ, Gesquiere JC, Bass H, Tartar A, Fruchart
JC, Wang CS. Inhibition of lipoprotein lipase activity by
synthetic peptides of apolipoprotein C-III. J Lipid Res 1992;
33(7): 995-1003.

Kinnunen PK, Ehnolm C. Effect of serum and C-apoproteins
from very low density lipoproteins on human postheparin
plasma hepatic lipase. FEBS Lett 1976; 65(3): 354-357.
Yao Z. Human apolipoprotein C-1II - a new intrahepatic

protein factor promoting assembly and secretion of very low



=) R I CIFEARIIRS TR A T AT« AR ARSI B B2 i T RE 1A 5 e (VR

31

32

33

34

35

36

37

38

39

40

41

density lipoproteins. Cardiovasc Hematol Disord Drug
Targets 2012; 12(2): 133-140.

Qin W, Sundaram M, Wang Y, Zhou H, Zhong S, Chang CC,
Manhas S, Yao EF, Parks RJ, McFie PJ, Stone SJ, Jiang ZG,
Wang C, Figeys D, Jia W, Yao Z. Missense mutation in
APOC3 within the C-terminal lipid binding domain of
human ApoC-III results in impaired assembly and secretion
of triacylglycerol-rich very low density lipoproteins: evi-
dence that ApoC-III plays a major role in the formation of
lipid precursors within the microsomal lumen. J Biol Chem
2011; 286(31): 27769-27780.

Sundaram M, Zhong S, Bou Khalil M, Zhou H, Jiang ZG,
Zhao Y, Igbal J, Hussain MM, Figeys D, Wang Y, Yao Z.
Functional analysis of the missense APOC3 mutation
Ala23Thr associated with human hypotriglyceridemia. J
Lipid Res 2010; 51(6): 1524—1534.

Cheng X, Yamauchi J, Lee S, Zhang T, Gong Z, Muzumdar R,
Qu S, Dong HH. APOC3 protein is not a predisposing factor
for fat-induced nonalcoholic fatty liver disease in mice. J
Biol Chem 2017; 292(9): 3692-3705.

Ginsberg HN, Fisher EA. The ever-expanding role of degra-
dation in the regulation of apolipoprotein B metabolism. J
Lipid Res 2009; 50 Suppl(Suppl): S162—-S166.

Ramms B, Gordts PLSM. Apolipoprotein C-III in triglyceride-
rich lipoprotein metabolism. Curr Opin Lipidol 2018; 29(3):
171-179.

Sacks FM. The crucial roles of apolipoproteins E and C-III
in apoB lipoprotein metabolism in normolipidemia and
hypertriglyceridemia. Curr Opin Lipidol 2015; 26(1): 56-63.
Kozlitina J, Boerwinkle E, Cohen JC, Hobbs HH. Dissocia-
tion between APOC3 variants, hepatic triglyceride content
and insulin resistance. Hepatology 2011; 53(2): 467-474.
Song XC (RIE#E), Song CL, Fan L, Ma QH, Mao JL, Xu
WX, Li XL. Association of single nucleotide polymorphism
of SIRT1 and APOC3 with nonalcoholic fatty liver disease. J
Hyg Res (PAERFFT) 2017; 46(4): 527-532 (in Chinese).
Puppala J, Bhrugumalla S, Kumar A, Siddapuram SP, Viswa
PD, Kondawar M, Akka J, Munshi A. Apolipoprotein C3
gene polymorphisms in Southern Indian patients with nonal-
coholic fatty liver disease. Indian J Gastroenterol 2014;
33(6): 524-529.

Tong M, Wang F. APOC3rs2854116, PNPLA3rs738409, and
TM6SF2rs58542926 polymorphisms might influence predis-
position of NAFLD: A meta-analysis. [IUBMB Life 2020;
72(8): 1757-1764.

Jain V, Kumar A, Ahmad N, Jana M, Kalaivani M, Kumar B,
Shastri S, Jain O, Kabra M. Genetic polymorphisms associ-
ated with obesity and non-alcoholic fatty liver disease in
Asian Indian adolescents. J Pediatr Endocrinol Metab 2019;

42

43

44

45

46

47

48

49

50

51

52

777

32(7): 749-758.

Lee HY, Birkenfeld AL, Jornayvaz FR, Jurczak MJ, Kanda S,
Popov V, Frederick DW, Zhang D, Guigni B, Bharadwaj
KG, Choi CS, Goldberg 1J, Park JH, Petersen KF, Samuel
VT, Shulman GI. Apolipoprotein CIII overexpressing mice
are predisposed to diet-induced hepatic steatosis and hepatic
insulin resistance. Hepatology 2011; 54(5): 1650—1660.
Cheng X, Huang Y, Yang P, Bu L. miR-383 ameliorates high
glucose-induced B-cells apoptosis and hyperglycemia in
high-fat induced diabetic mice. Life Sci 2020; 263: 118571.
Altomonte J, Cong L, Harbaran S, Richter A, Xu J, Meseck
M, Dong HH. Foxol mediates insulin action on apoC-III and
triglyceride metabolism. J Clin Invest 2004; 114(10): 1493—
1503.

Hertz R, Bishara-Shieban J, Bar-Tana J. Mode of action of
peroxisome proliferators as hypolipidemic drugs. Suppres-
sion of apolipoprotein C-III. J Biol Chem 1995; 270(22):
13470-13475.

Claudel T, Inoue Y, Barbier O, Duran-Sandoval D, Kosykh V,
Fruchart J, Fruchart JC, Gonzalez FJ, Staels B. Farnesoid X
receptor agonists suppress hepatic apolipoprotein CIII
expression. Gastroenterology 2003; 125(2): 544-555.

Caron S, Verrijken A, Mertens I, Samanez CH, Mautino G,
Haas JT, Duran-Sandoval D, Prawitt J, Francque S, Vallez E,
Muhr-Tailleux A, Berard I, Kuipers F, Kuivenhoven JA,
Biddinger SB, Taskinen MR, Van Gaal L, Staels B. Tran-
scriptional activation of apolipoprotein CIII expression by
glucose may contribute to diabetic dyslipidemia. Arterioscler
Thromb Vasc Biol 2011; 31(3): 513-519.

Nakae J, Biggs WH 3rd, Kitamura T, Cavenee WK, Wright
CV, Arden KC, Accili D. Regulation of insulin action and
pancreatic beta-cell function by mutated alleles of the gene
encoding forkhead transcription factor Foxol. Nat Genet
2002; 32(2): 245-253.

Martinez SC, Cras-Méneur C, Bernal-Mizrachi E, Permutt
MA. Glucose regulates Foxol through insulin receptor
signaling in the pancreatic islet beta-cell. Diabetes 2006;
55(6): 1581-1591.

Kamagate A, Qu S, Perdomo G, Su D, Kim DH, Slusher S,
Meseck M, Dong HH. FoxO1 mediates insulin-dependent
regulation of hepatic VLDL production in mice. J Clin Invest
2008; 118(6): 2347-2364.

Avall K, Ali Y, Leibiger IB, Leibiger B, Moede T, Paschen M,
Dicker A, Daré E, Kohler M, Ilegems E, Abdulreda MH,
Graham M, Crooke RM, Tay VS, Refai E, Nilsson SK, Jacob
S, Selander L, Berggren PO, Juntti-Berggren L. Apolipoprotein
CIII links islet insulin resistance to p-cell failure in diabetes.
Proc Natl Acad Sci U S A 2015; 112(20): E2611-E2619.

Liu YZ, Cheng X, Zhang T, Lee S, Yamauchi J, Xiao X,



778

53

54

55

56

57

58

59

60

61

62

63

64

H B4R Acta Physiologica Sinica, December 25, 2023, 75(6): 767778

Gittes G, Qu S, Jiang CL, Dong HH. Effect of hypertri-
glyceridemia on beta cell mass and function in ApoC3 trans-
genic mice. J Biol Chem 2016; 291(28): 14695-14705.
Reaven GM, Mondon CE, Chen YD, Breslow JL. Hypertri-
glyceridemic mice transgenic for the human apolipoprotein
C-III gene are neither insulin resistant nor hyperinsulinemic.
J Lipid Res 1994; 35(5): 820-824.

Sol EM, Sundsten T, Bergsten P. Role of MAPK in apolipo-
protein CIII-induced apoptosis in INS-1E cells. Lipids
Health Dis 2009; 8: 3.

Larsen L, Sterling J, Darville M, Eizirik DL, Bonny C,
Billestrup N, Mandrup-Poulsen T. Extracellular signal-regu-
lated kinase is essential for interleukin-1-induced and nuclear
factor kappaB-mediated gene expression in insulin-producing
INS-1E cells. Diabetologia 2005; 48(12): 2582-2590.

Cai Y, Martens GA, Hinke SA, Heimberg H, Pipeleers D,
Van de Casteele M. Increased oxygen radical formation and
mitochondrial dysfunction mediate beta cell apoptosis under
conditions of AMP-activated protein kinase stimulation. Free
Radic Biol Med 2007; 42(1): 64-78.

Trico D, Mengozzi A, Baldi S, Bizzotto R, Olaniru O,
Toczyska K, Huang GC, Seghieri M, Frascerra S, Amiel SA,
Persaud S, Jones P, Mari A, Natali A. Lipid-induced glucose
intolerance is driven by impaired glucose kinetics and insulin
metabolism in healthy individuals. Metabolism 2022; 134:
155247.

Robertson RP. Chronic oxidative stress as a central mecha-
nism for glucose toxicity in pancreatic islet beta cells in
diabetes. J Biol Chem 2004; 279(41): 42351-42354.
Malhotra JD, Kaufman RJ. Endoplasmic reticulum stress
and oxidative stress: a vicious cycle or a double-edged
sword? Antioxid Redox Signal 2007; 9(12): 2277-2293.
Poitout V, Robertson RP. Glucolipotoxicity: fuel excess and
beta-cell dysfunction. Endocr Rev 2008; 29(3): 351-366.
Meares GP, Fontanilla D, Broniowska KA, Andreone T,
Lancaster JR Jr, Corbett JA. Differential responses of pan-
creatic B-cells to ROS and RNS. Am J Physiol Endocrinol
Metab 2013; 304(6): E614-E622.

Kawakami A, Aikawa M, Nitta N, Yoshida M, Libby P,
Sacks FM. Apolipoprotein CIII-induced THP-1 cell adhesion
to endothelial cells involves pertussis toxin-sensitive G
protein- and protein kinase C alpha-mediated nuclear
factor-kappaB activation. Arterioscler Thromb Vasc Biol
2007; 27(1): 219-225.

Hanssen R, Gouni-Berthold I. Antisense oligonucleotides for
the treatment of hypertriglyceridemia and hyperlipoprotein-
emia(a). Curr Pharmacol Rep 2017; 3(6): 458—468.

Paik J, Duggan S. Volanesorsen: First global approval. Drugs
2019; 79(12): 1349-1354.

65

66

67

68

69

70

71

72

73

74

Graham MJ, Lee RG, Bell TA 3rd, Fu W, Mullick AE, Alex-
ander VJ, Singleton W, Viney N, Geary R, Su J, Baker BF,
Burkey J, Crooke ST, Crooke RM. Antisense oligonucleotide
inhibition of apolipoprotein C-III reduces plasma triglycerides
in rodents, nonhuman primates, and humans. Circ Res 2013;
112(11): 1479-1490.

Gaudet D, Brisson D, Tremblay K, Alexander VJ, Singleton
W, Hughes SG, Geary RS, Baker BF, Graham MJ, Crooke
RM, Witztum JL. Targeting APOC3 in the familial chylomi-
cronemia syndrome. N Engl J] Med 2014; 371(23): 2200-
2206.

Gaudet D, Alexander VJ, Baker BF, Brisson D, Tremblay K,
Singleton W, Geary RS, Hughes SG, Viney NJ, Graham MJ,
Crooke RM, Witztum JL, Brunzell JD, Kastelein JJ.
Antisense inhibition of apolipoprotein C-III in patients with
hypertriglyceridemia. N Engl J Med 2015; 373(5): 438-447.
Witztum JL, Gaudet D, Freedman SD, Alexander VJ, Digenio
A, Williams KR, Yang Q, Hughes SG, Geary RS, Arca M,
Stroes ESG, Bergeron J, Soran H, Civeira F, Hemphill L,
Tsimikas S, Blom DJ, O’Dea L, Bruckert E. Volanesorsen
and triglyceride levels in familial chylomicronemia syn-
drome. N Engl J Med 2019; 381(6): 531-542.

Alexander VJ, Xia S, Hurh E, Hughes SG, O'Dea L, Geary
RS, Witztum JL, Tsimikas S. N-acetyl galactosamine-conju-
gated antisense drug to APOC3 mRNA, triglycerides and
atherogenic lipoprotein levels. Eur Heart J 2019; 40(33):
2785-2796.

Lee SJ, Mahankali M, Bitar A, Zou H, Chao E, Nguyen H,
Gonzalez J, Caballero D, Hull M, Wang D, Schultz PG, Shen
W. A novel role for RARa agonists as apolipoprotein CIII
Inhibitors identified from high throughput screening. Sci
Rep 2017; 7(1): 5824.

Yang M, Zhao H, Ai H, Zhu H, Wang S, Bao Y, Li Y. Alanto-
lactone suppresses APOC3 expression and alters lipid
homeostasis in L0O2 liver cells. Eur J Pharmacol 2018; 828:
60-66.

Wang R, Zhang Y, Xu L, Lin Y, Yang X, Bai L, Chen Y,
Zhao S, Fan J, Cheng X, Liu E. Protein inhibitor of activated
STAT3 suppresses oxidized LDL-induced cell responses
during atherosclerosis in apolipoprotein E-deficient mice.
Sci Rep 2016; 6: 36790.

Baiyisaiti A, Wang Y, Zhang X, Chen W, Qi R. Rosa rugosa
flavonoids exhibited PPARa agonist-like effects on genetic
severe hypertriglyceridemia of mice. J Ethnopharmacol
2019; 240: 111952.

Duivenvoorden I, Teusink B, Rensen PC, Romijn JA,
Havekes LM, Voshol PJ. Apolipoprotein C3 deficiency
results in diet-induced obesity and aggravated insulin resis-
tance in mice. Diabetes 2005; 54(3): 664—671.



