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Study on the significance and mechanism of ASGR1 in hepatocellular carcinoma
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[Abstract] Objective:To explore the significance and mechanism of asialoglycoprotein receptor 1 (4SGRI) in hepatocellular
carcinoma. Methods- The expression of ASGR! in patients with liver cancer in The Cancer Genome Atlas (TCGA) database was
analyzed by R language and the related survival curves were drawn. The Human Protein Atlas (HPA) database was used to obtain
the immunohistochemistry (IHC) data of normal human liver tissue and liver cancer tissue to analyze the protein expression of
ASGRI. By using the hydrodynamic tail vein injection (HTVI) delivery method, 4sgr! was knocked out in the liver of fully immune
mice to explore its tumorigenic function in vivo. Gene knockout efficiency was verified by Western blotting (WB). The Kyoto
Encyclopedia of Genes and Genomes (KEGGQG) pathway enrichment analysis and correlation analysis were performed by using R
language. The GSEA hallmark correlation pathway analysis was performed by using Gene Set Enrichment Analysis (GSEA)
software. The expression level of key genes of glycolysis in mouse liver cancer tissue was verified by quantitative real-time PCR
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(qPCR). Results-ASGRI was significantly low-expressed in liver cancer tissue, and the low expression of ASGR/ in liver cancer
patients was associated with poorer overall survival (OS), disease-free interval (DFI), progression-free interval (PFI), and disease-
specific survival (DSS). The higher the degree of tumor grade, the lower the expression level of ASGRI in patients with liver cancer.
Immunohistochemistry showed that the protein expression of ASGR1 in normal human liver tissue was significantly higher than that
in liver cancer tissue. In an immunocompetent mouse model of hepatocellular carcinoma, knockout of endogenous 4sgr/ in mice
increased the size and number of tumor nodules in liver tissue. In the TCGA database, patients with liver cancer in the ASGR! low-
expression group were enriched in multiple cancer and metabolic pathways. The expression of ASGR/ was negatively correlated
with some key genes of glycolysis. The level of glycolysis in liver cancer tissues of mice in the Asgr/ knockout group was higher
than that in the control group. It was suggested that the low expression of ASGR! be likely to promote the growth and development
of liver cancer and strengthen metabolic reprogramming to promote the anabolic development of tumors. ConclusionThe
expression of ASGRI is significantly reduced in patients with liver cancer, which is positively correlated with the prognosis of
patients. Knocking out A4sgr/ in mice can promote the occurrence and development of hepatocellular carcinoma. ASGR/ can be used
as a potential biomarker for poor prognosis of liver cancer and a new target for potential treatment.
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P AEREK M BORIR &Y. 2 mL FRIR G
11 %% 12 g pT3-EF1A-MYC-IRES-luciferase, 10 pg
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Tab 1

sgRNA F 31 (5—>3")
Sequence for sgRNA (5'—3")
sgRNA Forward (5'—3")
Asgrl-sgRNA-1

Asgri-sgRNA-2

1.4 O RPEEE

WA /N 42U, (8 RIPA R 11 24 #
VK b 240 30 min, BLORMGE N RIEW, FHEEFRMY
WATE A SR, FSEA FFEZ R RE, R
BEAFE G . BOE R AR RS 61T R BRI
wk, A E AR PVDE R E L FH 5% B g 4 15
B 1 h, RIS —$4 CCIE K. K H PR

Jo IR R E P01 h, BRI 7 B AR AL 5
IFid k.
Yilkf5 . ASGRI¥i/A& (PTM BIO, PTM-6093),

ACTB#¥if& (ABclonal, AC028).

®2 PCR3IMFFI(5—3)
Tab 2 Primer sequence for PCR (5'—3")

Primer Forward (5'—3")
Actb GGCTGTATTCCCCTCCATCG
Hk2 TGATCGCCTGCTTATTCACGG
Pgkl ATGTCGCTTTCCAACAAGCTG
Pkm2 GCCGCCTGGACATTGACTC

1.6 il #Jiik

KRBT A E B 5000 o g il A 1]
GraphPad Prism 9 #{FHE17 20 #r, 4 [A] LR H ¢ K
%, P<0.05FmERFAGIHER L

2 ER
2.1 ASGRI AENIF A HLH vl 1 4 & J% 3L 5 i I

J T HEGE ASGRI 5 P AN & B BRI E R
FRATHE TCGA 968 K04 2 v % I DA S8 3 199 7 sk 4 )
FPEE AT A B 2B 0T, SRR M TR
H DL, ASGRIFERFERAISUREA L ER S (BI1A);
Wi & T F R, A R, ASGRI ) 3 3K # 1%
([ 1B) . #4E TCGA Bl & i 5 1 I IR A5 82
HlEAE LR, 455 WK ASGRI (23K 5 P B H 1
SR fE W (overall survival, OS) . JG %% % [A] f&
DFD) . J& # J& [l fm M

(disease-free interval,
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Reverse (5'—3")
AAACACTCCACGGCTCTTGCAGCGC
AAACCTCCGGAGTTGATGATGGTCC

AL RNA HEHU 921 46 % 5 5t PCR

WA /N MR SUE , A 5 TRIzol #17
246, 5 ARy TRIzZoMAFR 1/5 Ay = 58 H o i 5]
TR21o 12 000xg ik 250> 15 min 5 W8E FIHW, WA
LR R NEE GRS . 4k %2 12 000xg fi§ 16 55 0
10 min, 3% FWEWIFIIA 75% CBE. 12 000xg i ik S
05 minJ5 7 BIER . BRI AR T RNA T,
KB A T DEPC K I 52 RNA MR .l 1 s 2 st
FPKE RNA J %55 5 cDNAL J 762 G LightCycler*384
G b AT S B 9% 0 & 5 PCR  (quantitative real-time
PCR, qPCR) i, 5I¥FHIILEE 2,

1.5

Reverse (5'—3")
CCAGTTGGTAACAATGCCATGT
AACCGCCTAGAAATCTCCAGA
GCTCCATTGTCCAAGCAGAAT
CCATGAGAGAAATTCAGCCGAG

PFL) HIW i 4 57 1 A A7
DSS) 5B Ay IEA

(progression-free interval,

i (disease-specific survival,

FXFHR (KI1C~F).
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M A 8 b i) Rk B E T E R 48
(Kl2A. B),

2.3 Asgrl i BRAE/ BUUR ORI 2R e 7 R I (1

AL
h Tk #%??%ASGRI TE T 40 M9 5 A= A e e
HRPERT, I HTVI % 7 A % 58 /N R P il

o A pT3—EFlA-MYC—IRES-lu01ferase\ pX330-sg-
p53. CMV-SBI13. lenti-CRISPR sgdsgrl (i 4 4H )
oY lenti-CRISPR v2 (X FE 4 ) Sk #£5% ASGRI WY {E
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Note: A. Expression of ASGRI in tumor and normal tissues of liver cancer patients from TCGA database. B. Expression of ASGR! in different stages of liver
cancer patients from TCGA database. C—F. The overall survival (C), disease-free interval (D), progression-free interval (E) and disease-specific survival (F)
curves of liver cancer patients with low or high ASGR1 expression from TCGA database.
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Fig1 Expression of ASGRI in liver cancer samples and its correlation with prognosis
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Note: A. Immunohistochemical pictures of ASGR1-related protein expression levels in normal human liver tissue and liver cancer tissue from the HPA
database. B. The proportion of different degrees of ASGR1 staining in normal human liver tissue and liver cancer tissue.
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Fig 2 Protein expression level of ASGR1 in normal human liver tissue and liver cancer tissue
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Note: Delivery via HTVI in fully immune mice by injection of pT3-EF1A-MYC-IRES-luciferase, pX330-sg-p53, CMV-SB13, lenti-CRISPR sgdsgr/

(sgAdsgrl group) or lenti-CRISPR v2 (sgCtrl group).
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Fig 3 Schematic diagram of mouse hydrodynamic tail vein injection model
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Note: A. Representative pictures of hepatocellular carcinoma in sgCtrl and sgAsgr/ group. B. Protein expression of ASGR1 and ACTB in liver tumor tissues
of mice in sgCtrl and sgdsgr! group. C—F. Liver weight ratio (C), tumor number (D), max size (E) and proportion of tumor numbers (F) with different sizes in

sgCtrl and sgAsgrl group.
4 Asgrl BEISIE R /N R AT 4R B RO SRR 1B

Fig4 Validation of Asgr! knockout and formation of hepatocellular carcinoma in mice
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Note: A. KEGG pathway enrichment analysis of genes negatively correlated with ASGR/. B. GSEA analysis of hallmark pathway enrichment between ASGR/

low and high group. C. Correlation analysis of expression of ASGR! and glycolysis-related genes. D. The mRNA expression levels of glycolysis-related genes

in mouse liver cancer tissue.
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Fig 5 Bioinformatics analysis of ASGRI expression in TCGA liver cancer database and verification of mRNA expression levels in mouse

liver cancer tissue

3 itie

JH A R R AR AR SRR LI , R A BRI A
SERET- SO RN ), SAEAEAERIUN 15%, FFHAT
S 3 ) & R IR T SR AR AR AE RS N, Ti3 151 2030
AF, R BRI T RE A S P T 5 = KRR
H T I 400 B 2 W oAy DRI L e 4 e 25 5 e
PHL, RE AR AL RARIE Y, MR R A R
JENTFANMLIE S SET B F BN L RS SMRL T
RYIBE . AFIRIT . A A SR B R BE 167 % 07 X
K A IR T BUS T RO, (R
BE KRB E . I, YRAT R4 4 g &
AR TR A F AL, TR Y BE DR Bl B R TR A
HIZWHRYT A BEEARIAY T T A B A 2 T-B o

ASGRI, W HEFR A 40 f -~ ZLAR/N- £, ok 5 15 %
Wiz Ak, 3% Ashwell-Morell 524K, T3 £ L THF %

&)

JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

AR T B B S R A i et 1, RERS A T L0 W AR AL
(14 W 25 1100 T 400 P e e . H R EL BN ASGRI
FEREE AR L PR R L R ER g Y
S R AR K AEE EEAEA . FEFR
K ASGRI FEFREAL41ZTrp 198 >0 T ASGRI1 7
WA AIE P fEF, AEsE Y R, ASGRI T fig i
it 5 LASS2 A1 HAE FIE A ] V-ATPase 1Y% ¥, AT
05 O A0 T B B RS R B L RO GBI ST P R
ASGRI i8R 3k NLK 5 STAT3 454 . M| STAT3 W
T2 A A AT ) B9 1 R . X e F 5 34 $ R ASGRITE
JHF 200 B e A R e h R AR A EEAE A, R T
ASGRI{E T4l s v RS AT SR AR D>
ARWFFE N TR 5E ASGRI TE JT 40 o 9 v 9 735 L %
B, #7650 BT TCGA BHi e vh ASGRI 76 1P 98 [ %
T IR DI T AEAF 0BT, & B ASGRI 16 1P
AU i 2 ARFEGR, Rl IR o R R, ASGRI

Vol.43 No.9 Sept. 2023



ASGRI e NFAnIas P s S BUmige | 1113

BN IR KB ;. H ASGRIARFE 3K 1Y H #1008
DFI. PFI. DSS¥J%i%i. ZJ&, ORI HPA Bk ¢
I IE P44 ASGR1 4 Y 35 38 & TIF
FEAS, DL EZEIRU, ASGRI JERAR AT fig & —Fh
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