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Abstract: In the field of prevention and treatment of metabolic diseases, liver is the core metabolic organ, and
its functional status has an important impact on the development of diseases and the selection of treatment
strategies. In recent years, with the in-depth study of liver receptor molecules, asialoglycoprotein receptor 1
(ASGR1) has gradually attracted attention because of its role in glycoprotein recognition, lipid metabolism
regulation, and immune regulation. Although studies have suggested that ASGR1 dysfunction is closely related to a
variety of metabolic diseases, it is still controversial to directly use ASGR1 as a therapeutic target, and further
studies are needed to explore the feasibility and efficacy of ASGRI1 as a liver target. On the other hand, ASGR1-
mediated liver-targeted delivery systems have shown clinical application potential in multiple drug development.
This article systematically reviews the physiological functions of ASGR1 and its research progress in metabolic
diseases, focusing on its molecular regulatory mechanisms and drug application prospects, in order to provide
reference for the diagnosis and treatment strategies of liver-related metabolic diseases.

Key words: asialoglycoprotein receptor 1; liver; cholesterol; lipid metabolism

AR B A — SRR A PR S 7 2 P o RS

R 9: 2025-06-26; & [H1 H 1: 2025-09-01.

7K H AR I 5 U 12 35 L A 0 5 96 B
SRR A, SOR LIS B BRI 5 5 0

BEGIH: K [ AR AT ERHA ST H (82200883); H %K H 44
Rl A T FIE (82373922).

*JBAEH Tel: 86-10-63165194,
E-mail: huany@imm.ac.cn; dlei228@imm.ac.cn

DOI: 10.16438/j.0513-4870.2025-0731

188 5 S 8 19 20 T A 2 A 2 T,
S5 7 R 7 PR 2 PR BRS L L MR
AR 3 S 0 A 58 5 B ), %
) 7R A 3L S5 5 R 2 T R B



- 76 - #2224k Acta Pharmaceutica Sinica 2026, 61(1): 75-83

fa 6 R 3R, B A O Ak IR AR - 2OE I 2% 7 AR ) [
RORi,

< e VR B 2 11 3244 1 (asialoglycoprotein receptor
1, ASGRI) 2 /40 g 2 5 e PR Rk 1) C BB SE R 2
& (C-type lectins receptors, CLRs)!", 15 2 W g i 1% 25
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The structure of ASGR1 and ASGRI mediates the specific recognition and clearance of glycoproteins. ASGRI:

Asialoglycoprotein receptor 1; Gal: Galactose; GaINAc: N-Acetylgalactosamine. Created with BioRender.com
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The ASGRI signaling in metabolic diseases. mMTORC1: Mechanistic target of rapamycin complex 1; AMPK: Adenosine

5'-monophosphate (AMP) -activated protein kinase; LXRa: Liver X receptor a; ABCGS5: ATP binding cassette subfamily G member 5;
ABCGS: ATP binding cassette subfamily G member 8; SREBP1C: Sterol-regulatory element binding protein 1C; HMGCR: 3-Hydroxy-3-
methyl glutaryl coenzyme A reductase; LDLR: Low density lipoprotein receptor; LDL-C: Low-density lipoprotein cholesterol; INSIG1:
Insulin-induced gene 1; IRS: Insulin receptor substrate; PI3K: Phosphatidylinositol 3-kinase; AKT: Protein kinase B; MAFLD: Metabolic

associated fatty liver disease; STAT3: Signal transducer and activator of transcription 3; MTTP: Microsomal triglyceride transfer protein;

ANGPTL3/8: Angiopoietin-like 3/8; LPL: Lipoprotein lipase; VLDL: Very low-density lipoprotein; ABCA1l: ATP-binding cassette

transporter Al. Created with BioRender.com
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L A E & 1K 1 (mechanistic target of rapamycin
complex 1, mTORC1) F¥#id AMP i 5 1 85 ¥
[adenosine 5'-monophosphate (AMP) -activated protein
kinase, AMPK], Nz RiEEBAIRE 2 EKEA 1
(breast cancer susceptibility protein-1, BRCA1) B, BRCA1
FIK [ RING 1 1 (BRCA1 associated RING domain 1,
BARDVI), JEM & E I X 524K a (liver X receptor a, LXRa),
I At AR [ i M HE B 1 ATP 45 & & #5387k G5 (ATP
binding cassette subfamily G member 5, ABCG5) #l
ATP 45 & & %538 /K G8 (ATP binding cassette subfamily
G member 8, ABCG8) {131, 1§ i JIE i i Z& A v fiH [
B HEME . [FIBS, ASGRI1 R 2 411 SREBP v 1, ik
DR IDTR R, B R B AR 2R ALY,

#: |, ASGR1 &34 175 LDLR.LXRa-HMGCR Al
SREBP &5 5 8 73 -, 75 JIH [ B A b A 4% 0 E .
ASGRI1E A6 Y7 v I8 [ B2 (L0 1) 3 28 8 i, Lo 2R B
0] Fe T LS 2 ) B i AN B K OR AP RCR . (BRI R,
JOEL [ P A1 R 48 5 3 B IE R & A A P b 3 AT RE T
TR BRI AR A, 51 20207 55 i 4 i Jig Jog S

RIS TR, 40 ASGR1 LAVR T ey ML A2 75 %2 4 3L
e — B .

4.2 ASGR1 5K HEXAEMHMERR UG
4 97 (metabolic associated fatty liver disease, MAFLD)
J 4 BRI 3 18 VE IR, bR ST 2020 4R 42
e, SR DA D) BE R iG AZ L, BRUAR T A% G2 (R AR RS
PE 6 W B A 20, MAFLD 6045 M 5 4 1 JF Hig i A8
B P SAE IR Wk, JF AT R O AT 4L AL
S Mg ASGRIE H R A R h B B 2% 1
DRI, BEZ 5 I I Joa A4 25 3L R0 28 0 S 82 1) 1
2, W5 AT 44l SO REAG )t e i DA 5% (1812).

ASGRI i 1ot 1 125 ¥ Il 4% 2 35 i Sk o AN A5 5
I, 50 R 5T B & P . 24 ASGR1 B ek 2k
I, 25 VR AW B 1 I A A VS AR B A 32 B, 523
Vi g Ak N AR K T B, 2T 40 ] mTORC1 % 5 JF
WO AMPKP . 80 19 AMPK i i X0 AL 2508 IR
AR @ 18 ) 7% 5 - SREBP 1 ¢ kb Jig [y 15 A
ol =8 1A R @ il id A8 € LXRa, b JIH & B )
HEE 1 ABCGS/G8 [k, fie i3k A i i 22 R 7 HEHE, A
17 2% fif JFE U IG5 5 ARC74 . b Ak, ASGRI i 2% 1T 41 il
JOREAH SCIM B (U0 NF-xB), J8 /> e % R 7 I RE R, D
JFF IR 98 S AR B0 3 b AR gk — Pl il
IR iy B AURR R AN T o S A B 0, Db IR] St A 25 L .

SR, ASGRI B e oS A S B 52 i 4712 2. 2 7
JEME . —J5 T, Hsh 2kl ad ik AMPK 4538 i o I
AR AR B R BURAE; 55— T i, Al el S 2 MAE

55 . ZhuZEWIHRIE, ASGRI1 B FE v 2 2 805 5 3%
S FNEE S O A T 3 (signal transducer and activator of
transcription 3, STAT3) i %, 5 Z AT & K T F 4] 4E 1k
FHOR R 7 238 T, 28 18 M 98 RE AT 2F 4 4k K 2 .
AR, A 542 78 nemo FE LA (nemo-like kinase, NLK)
A 5 STAT3 3 P4, AT 1 — 22 it 2 4 4k 3 7% .
Zhang ZEPTHF 58 % B, ASGRI k2% i 7] fig i@ i _E i
GP73 ik, 155 4 5T X S 38 s 7 Jin 2 JHF 45 4%
I, ASGR1 Dy g & 2k n] fig il ik 2 @ A WA IR AR S,
fE A e B E A .

ASGRI X 7] 817 HL 48 7 1 HAE AR BLAC 5
JOIE YA 0 2% rp (¥ L EE AT . I R 2 7R, MAFLD
KT REAL BB 3 (4L 2 ASGR1 R IA B3 BRI, HERIX
PP 5 95 9 7 B R B S ARORE OGP BLIRR JE T (AR
W 3K & 5 STAT3 3K 2)) 1) 3 15 I £F) W &6 4 B 1
MAFLD [ ¢ R JH- 9 F g ) B2 A 7 (AR
fi172, ASGR1IEZ 5 (L2t & F M 2 # 2E N 4R,
FH 7R BT 2% 9% 7% (hepatitis A virus, HAV)*4 2, BT 4%
i % (hepatitis B virus, HBV) P*' 7§ B4 T 4 9 5
(hepatitis C virus, HCV)®?, [ ! |iF % 9 % (hepatitis E
virus, HEV) ™ K 7 & 20 I I 25 & 1iF e R 7 85 2
(severe acute respiratory syndrome coronavirus-2, SARS-
CoV-2)P+31 i 7 AT i i ik ) 45 9 55 1= 28 1 A0 f 9%
JRETT TE) A 5 A A i F2 07 R R #E 1) ASGR1
FRYE T SRS o A A T 47 L TR U0 RN 43, T AE e 3
AR 1R[] B A 38 2T 4 A XU
4.3 ASGRI SFIBKBAERELL bk R 1L 2 — i
8 P 98 PE I 0, L8 BRAREAE S IR o 7E 30 ik P s
T B AR, P B e g R T B, E Tz A
SE R A BKOC B I A R 9 3 B I B AR B R AT
ASGRI i@ 1 2 4 FZ 4% 5 i AR 55 2ORE [ 8, 7E 3 ik
W FETEAL (atherosclerosis, AS) M5 B 312 A & 4 o0
TEH (K2).

NG B AR AT, ASGRI1 Ly e il 2R 368 st 41 i i bor A<
H i = g ¥ 32 2 1 (microsomal triglyceride transfer
protein, MTTP) FIIfiL & A= i 2 # & 111 3/8 (angiopoietin-
like 3/8, ANGPTL3/8) ik, il /b # A% % S JIg 22 A
(very low-density lipoprotein, VLDL) ] & ik 5 4 ik,
I 4% 55 A5 25 A AB Wi B8 (lipoprotein lipase, LPL) 3 4 DA
v H I = AR R A, AT S 2 PR AIC IS LDL-C J i)
fi& % B g 85 F IH [& B (very low-density lipoprotein
cholesterol, VLDL-C) 7K~FP, ik g & A 1 k> B
P PRI G oL A2 3h ik N B DTAR, REZZ IR U B (RIS,
ASGRI1 k%% 11 AT Il LDLR A {2 3 LDL & 11, I
I8 1 % AMPK/mTORC] 15 5 4l i — 25 #1 i) SREBP
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I F IR 5T A RO B8 5035 I8 B (40 F s HDL-C)P™ Y,
B ) 8 A L A A

JRE WA 07 THI, 2 L ASGRI A S 1 B 2 4R
T8 W] 3E 40 ) mTORC 3 k2 2 ¢ PR B T ™), 3k
T 9Bl ML A B RORE S 5 4 B 1 ASGR i 2K U e ik
E R E [ B AR HE R A W ATP &5 & & iz i Al
(ATP-binding cassette transporter A1, ABCA1) & ABCG5/
G8, i 12 ik 240 Jifa JIE ] P 36 1) B o, gk /b BREBR P 9 K
a0 AT B e B B AR B s B RPY, ASGR1 4
By v B wT A 7 J7 AR IR 0 BB e T AR gk 2 KT
50%, 1ML e JE [l F R0 H ek = e /K P S 3 R B, E S
PLAS [0 E MR R E— 2B 0 FEIE Y] ASGR1 Thfig
dif B T L Y 5 PN R B B DY RE, oD i IR S A RE 4T
JRLIEH, AT 100 11 T B i

R ASGRIAE 3 Jik o8 #8884k 16 97 38 208 )
T4 22 TUF 7200 S, (B I PR 2 FH AT 181 Ik JE [ 5k 22
ek B2 5 0 A 5 A K
44 ASGR1 5#R¥fE Wi JRTK (diabetes mellitus,
DM) £ — F DAL WE F /51 A 32 RFAE 0098 M A M
Ja, A AR B ) R B 2 K HT (insulin resistance, IR)
AR & 2= 43 Wb Dh e b i 51 2. Wikl 2 frs, ASGRI
A3 ok T A P ) R B R AU, FE LA REAC AR
APREREEN . YoSF R I, ASGRI SR FE W HE
Jig &% 25 ZZ2 AR KW (insulin receptor substrate, IRS)- i ik
WUEE 3 ¥ (phosphatidylinositol 3-kinase, PI3K)- 25 [
1§ B (protein kinase B, AKT) il %, {2 #F AKT i Fig
Ak, IR S A BRIl (1 R, DTG 92> T U0k 4 267 % A
% (hepatic glucose production, HGP) Jf i 3 & 4t P ik
B R AP ASGRI Gk i 34 fE 1 B2 5 3R 75 S 2R A 1
(insulin-induced gene 1, INSIG1) ##] SREBP [l L. 5
¥eiz, Yol D i I I S ML T T 5 ol DA T 3 i P U ke & 2R
5. BRULZ AN, IR EE Y B8 ASGR1 7E 2 B K% JR
I A I e o RR AN IR R A B RO R, R
FLAE A 25 BLAH IS AT RE A7 AE D R i A, gk — 2
R T HAEANFEAAU IR T Dhe i) & 2 PEF1 2 i .
[A 1, ASGR1 AE J9 8 fig A8 1 4% 1) 25 22 18] 7, A5 BE
AT T TR B A
5 ASGRI1Z AT IGARMRIER

ULAEOR, ASGRI A 9 IF 4 57 1 52 44, L HE R

Table 1 Antibodies targeting ASGR1

T AEAR Y BT B 2 B )72 R . B EAR
T W, FLT A 40 1) 77 R0 245 438 3% &R B2 N B
ik ke A A A AT A 2 g 7 1 FFF 93 B 41 4 A0 25 5
(RS HEIR TT St 1 BT I SRR A7 2
5.1 #B[a) ASGRI BIHT i 840050 o ve PR A 2
ASGRI il EEAR A 2 — R KRR
AT 2 1) 4B9 B A4 B % i 55 A1 ) 45 & ASGRI 1)
i & 8 g 38, BEL BT G 5 A PR AR ELAE R, RIS 5y T 2
230 L R D 0 o) AL A S AN, — DA AL
B B AR o 59 — AR SR P B ST BE BT AR AMG 529" (H
Amgen JF ) 556 K IR R IS0, 2045 7R L 52 P
R AT, F B8 5 A0 P 0K {1 52 3K 28 7D A R[] o
FILDL-C /KF, $oR LM FE (I R S FANME (R 1)

URE S P BT A 2 B A2 S 400 ) 750 £ o 2 9 e 7 1) o
SZN-0431J¢& — P[] if 42 7] ASGR1 F1 Wnt {5 5 18 #%
AH G EE I SURE S A4, o i ASGR1 /- 51 48
B8 a4, 30E Wnt/f-catenin 5 538 i, H it 3E T
ASGRI1 7E T 291 -7 A= POV G 28 A 2R 3558 18 510> f 3
HAEF o I R AT 5T 3R B, SZN-043 75 JH 27 4 fb A5 2
Hh 3 35 ek b B R DT RR O i I T g, B AT Sk N T
e AR RS, FH T V897 TR PEIF R P R4 . ko, 3T
ASGRI R 71193 J5 A4 08 25 11 10 R 98 Ty REPHOT5, 4 92 £
Bt ASGR1-TLR8 47 SBT82301V it i 412 [ iefs 1%
G5 T 2 EIE, WOE R i 0 2 B0 R e
JNE, NS 2 RE RS (96 TT SR 4L T T S
5.2 $EmEASGRIWIZAYEE RS H1H ASGR1 [
i ik B G T S A T A SR T R S P i R
1 FRRF AR T BT RS VR T SR EE . ASGRI BB 4
PEIRS I B &  Gal Bk GalNAc [FFE 2 11, X —H5 ik
A8 H RS U BEEL ) 26 ) P AR A

GalNAc HLHE 153k 40 2 ¥ ] ASGR1 A% L EEA
Z—. GalNAc{F 9 ASGR1 [ K AR AR, 7] 3 i 4k 2%
BB S R 29 [/ T # RNA (small interfering
RNA, siRNA), Jx X 3 #% 7 FR (antisense oligonucle-
otides, ASO)""5¢ fi /N RNA (microRNA, miRNA)"| 4
&, TR E A . IRIKZPan siRNA R R X%
IR D 4B GalNAc i# 1% RGBT HFIEHE 196
T (£2). Wl Alnylam 2 5] JF K [¥] GalNAc-siRNA £ R
ST T 2 R A, IR ITIEM RS E 2

Type Program Indication Phase
Monoclonal antibody AMGS529 Hypercholesterolemia Phase I completed
Monoclonal antibody 4B9 Hypercholesterolemia Preclinical
Bispecific antibody SZN-043 Alcoholic hepatitis, cirrhosis Phase I
Antibody-immunomodulator conjugate SBT8230 Chronic hepatitis B, hepatocellular carcinoma Preclinical
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Table 2 Approved nucleic acid drugs based on the GalNac delivery system. ASO: Antisense oligonucleotides; hATTR: Abstract hereditary

transthyretin amyloidosis

Type Program Delivery system Indication FDA approval Company
siRNA  RIVFLOZA" (nedosiran) GalXC™-RNAi platform  Primary hyperoxaluria type 1 2023 Novo Nordisk
siRNA  AMVUTTRA" (vutrisiran) ~ GalNAc-siRNA hATTR amyloidosis with polyneuropathy 2022 Alnylam
siRNA  LEQVIO" (inclisiran) GalNAc-siRNA Hypercholesterolemia 2021 Alnylam
siRNA  OXLUMO" (lumasiran) GalNAc-siRNA Primary hyperoxaluria type 1 2020 Novartis
siRNA  GIVLAARI" (givosiran) GalNAc-siRNA Acute hepatic porphyria 2019 Alnylam
ASO Tryngolza™ (olezarsen) GalNAc-ASO Familial chylomicronemia syndrome 2024 Tonis

I ME A 2595 1) vutrisiran (Amvuttra) 7 V6 JT &M AT b
WHAE 1) givosiran (Givlaari)™ " K #8 [7] 5 2% (3% 4k B AL
LY B & 9 (proprotein convertase subtilisin/kexin type
9, PCSK9) ¥4 7 v HH [ B 1L JiE 1) inclisiran (Leqvio)"s
XY@ it ASGR1 A 5 1 N AR AE - EA 41 L ),
siRNA 7 H P4 B JEOHF DT BR BB JE DR 22 05, AT S BT 92
I3 FH QI B RS ME TR 12 . BE Ak, GaINAc HEHEH RIS #
i J& & CRISPR-Cas9 3 [X| 9 48 & 4%, U Intellia Thera-
peutics JT & [ NTLA-2001"7, 338 i GalNAc-LNP i
X R G IA FEIE, F TR 9T AL R R IR R SR B e
WAV, Hul Sk NIEIR RIS P B . EAE R,
HAR H AT IR 2459 2 B R, (R EATTEE T
GalNAc-ASGRI1 i#:1% 22 G £ JH 4L 17 SO BR B0 3 A 1
AR A, N RGN T AU
o 1 v IEL ] i AR AH SR 7 P 0 L 2 BB PR
BEE 1 IR AL

SRR ASGRI 11815 2 Ge A8 i 16 97 e 3
HH S 3 IR B, I PR R FH AT T i 2 3% T 8P L A2 A4 it
BT TIRN A AR SRV A ) . RO JU R SRR T
RO BB, TRR 2 8 s P [R]I28 3w, H 456 N TH
Re R AR IR RV Bl A 5 N 2 48 AL R 24540
FeAR M P & i, S8 19 ASGRI 3% 1% R G ALK 1E
= 5 AU S T B 2 IR R
6 HEERE

25 B Rk, ASGRIAE Ik 4H A 3 2 1% 52 44, 7E
AR5 R ok HE 5 B B R0 A R T B gk
WSS HEAE ), A TR T HLEI K 2 M E S
FE A R, DD RE B0 S 2 MR R 1) K
JiE VAR 5%, [H] B 3T ASGR1 5% R G0t - T 48 1)
BIT AL TR SR AT

S AT SR, ASGRI B 7E 5 73 P T A5 24
HER I TR E L, (R G B 9T s A AR U 3R
FLOR A& T AT e E o A, X M D BE Y XE 1 4R R
ASGRI 7E A [H] 35 975 5 70 195 B B B b v] g LG AN [H)
AR . TR, AR R 7T R 5 AR T ASGR1#E4H
VR 11 T8 5 ) v 428 S5 4 BT (R AL R A, T AR
ZHH B ORGSR I, 9 ASGR1 AH ICHE [m] 25 9) (1) F
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