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and enhanced autophagy is an important contributor to AR. Autophagy-related 4D (ATG4D) is a key enzyme
regulating autophagy. This study aims to investigate whether tumor cells promote AR by upregulating ATG4D

expression  to  enhance autophagy and elucidate the wunderlying molecular mechanisms.

Methods

group and a control group. The AR group was cultured in ultra-low adhesion plates for 48 h, while the control

Hepatocellular carcinoma HepG2 cells and gastric cancer AGS cells were divided into an AR

group was cultured in conventional plates. Changes in the expression of autophagy markers LC3- Il and p62
were determined by Western blotting. Chloroquine (CQ, 30 wg/mL) was used to inhibit autophagy in control or
AR tumor cells, followed by flow cytometry for apoptosis levels with an apoptosis detection kit. The expression
of ATG4D at mRNA and protein levels were assessed by qRT-PCR and Western blotting, respectively. AR
tumor cells were transfected with control siRNA or ATG4D siRNA using Lipofectamine. Subsequently, the
protein expression levels of ATG4D, LC3- I and p62 were detected by Western blotting, and apoptotic rates were
analyzed with flow cytometry. A reporter plasmid containing the ATG4D promoter was constructed and
transfected into control and AR tumor cells, respectively; after 24 h, luciferase reporter gene assay was
employed to detect the changes in the activity of ATG4D promoter. To assess cell stability, the control or AR
tumor cells were treated with actinomycin D (5 pg/mL) or cycloheximide (50 pg/mL), and then harvested at 0,
2,4, 6, and 8 h after treatment. The mRNA and protein levels of ATG4D were determined by qRT-PCR and
Western blotting, respectively. Results Compared with the control tumor cells, the AR tumor cells showed
significantly enhanced autophagy, with significantly elevated LC3- II levels (P<0. 01) and markedly reduced
p62 levels (P<0. 01). Inhibition of autophagy using CQ significantly increased apoptosis in AR tumor cells (P<
0.01). qRT-PCR and Western blotting revealed significantly elevated ATG4D mRNA and protein levels in AR
tumor cells compared with the control cells (P<0.01). ATG4D siRNA transfection significantly inhibited
ATG4D expression, downregulated LC3- I , upregulated p62, and promoted apoptosis in AR tumor cells (P<
0.01). ATG4D promoter activity did not differ significantly between AR and control tumor cells. However,
after actinomycin D treatment, ATG4D mRNA expression was significantly higher in AR tumor cells at all time
points (P<0.001), indicating enhanced mRNA stability. In contrast, cycloheximide treatment showed no
significant change in ATG4D protein levels over time in AR tumor cells, suggesting unaltered protein
stability. Conclusion Enhanced autophagy caused by ATG4D upregulation promotes AR in tumor cells.
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1.4  BvEA8% K H mRNA £ A K -F 4 m)

Wt ot FE 4 Bl AR ZH BbyRs 40 , PBS 12V 40 it J 1t

H BioFlux & RNA $2 B 71 & # vt B 5 8 1F 41 He
RNA. £ L EE TR, RNA FE i 0D,/ 0D,
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P AT qRT-PCR ¥ 34 55 14 7 95 °C 40 s il 22 4 5
95 °C 15 5,60°C 50 s fEFR I, 2 40 MG FR S 54 °C
TRAE

F1 HBEXEEBSIHFT
Table 1 Primer sequences for qRT-PCR

Genes Primer sequences (5'—3")

Forward: TGCCTGCTGATGGACTTCCT
DRAM1

Reverse: GGTGGTGGTGTTGATGTTGG

Forward: GACCTGCTGACCTTCATCGC
ATG4D

Reverse: TCCAGCTTCTTGGTCTTGGC
VLK Forward: GAGCTGCTGATGGACTTCCT

Reverse: GGTGGTGGTGTTGATGTTGG
A7CI0 Forward: ATGAGCTCGAGTGTCCTGGA

Reverse: CTCCCACTTACGACAAGAGT
TG Forward: GCTGCTGATGGACTTCCTCA

Reverse: GGTGGTGTTGATGTTGGTGG

Forward: CAGCTGCTGATGGACTTCCT
ATG2B

Reverse: GGTGGTGGTGTTGATGTTGG
B4 Forward: GACCTGCTGACCTTCATCGC

Reverse: TCCAGCTTCTTGGTCTTGGC

Forward: GAGCTGCTGATGGACTTCCT
ATGI6LI

Reverse: GGTGGTGGTGTTGATGTTGG

Forward: ATGAGCTCGAGTGTCCTGGA
ATG101

Reverse: CTCCCACTTACGACAAGAGT

Forward: CAGCTGCTGATGGACTTCCT
ATG9A

Reverse: GGTGGTGGTGTTGATGTTGG

1.5 mfe B AR &R G &R KT agm 2

W AR % HRZH B AR ZH i g 20 f . PBS V5 Uk 4 i
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SR FH BCA PR 2 35 R B (R4 562 nm) . B BR
i 22 A5 PR AL B B 20 we #E4T SDS-PAGE ik ( 12
JKE:80 V 30 min; FJZME: 120 V 60 min) . #4515 R H1H
J£20 V 15 min, BEJ5 LA 5% BAS 5K AT 1.5 he —FiC
B E A BT ATGAD Hifk (1:1 000) bt A LC3
AR (1:1000) Hadi A p62 Hifk (1:1 000) 5 GAPDH
P (1:10 000)4 “Cid 77 ; PBST k% 3 1K (10 min/ik) o
THUONHR S AR R I 1L ST 1gG(1:10 000)
FIRIFE 1 hJ5 4 PBST YRR 3 ¥, i & 8 5 4 A
Rik#ES
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W .2 WL FITCHRICH) Annexin V A2 2 wWL BN E 1R 2]
J5 2 R E 15 min, TS 4N AR T T2

1.7 MEAZEHIRELR LBAENATCLD KR B 3

FiE®

M\ HepG2 2 il 55 K 40 3@ 2f PCR J7 ¥4 3 3115
ATG4D 3 5 sh 1 R Be (L5 190751 - 5'-TTGGATC-
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Figure 1 Expression levels of p62 and LC3 in control and anoikis resistance (AR) tumor cells



1858 B 47 R K224 4, 2026,48(13) http : //aammt. tmmu. edu. cn

AR AR+CQ

or 3] ar [
114% 7.00% 191% 1267%)

N
Q
(o
(4]
I
AR == AR+CQ
50-  P=0.00013 PZ0.00018
a — A
<
?;u ::u %9 404
w'*] g
0 £ 304
Q 3
< g 20
£ 704
g e an
2 10
'_
° " 1w "
. : O
Annexin V-FITC HepG2 AGS

B2 #H B EEE3E AR MEEMETKE

Figure 2 Autophagy inhibition by chloroquine (CQ) significantly enhances apoptosis of AR tumor cells
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A and B: mRNA levels of autophagy related genes in control and AR tumor cells of HepG2 (A) and AGS (B) by qRT-PCR
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Figure 3 The mRNA levels of ATG4D are significantly increased in AR tumor cells
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Figure 4 The protein level of ATG4D is significantly increased in AR tumor cells
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A: Representative Western blotting images of ATG4D, p62 and LC3 in AR tumor cells after transfection with control siRNA or ATG4D siRNA
for 24 h; B: Apoptosis rate of AR tumor cells after transfection with control siRNA or ATG4D siRNA
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Figure 5 Silencing ATG4D significantly reduces autophagy and AR in AR tumor cells
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Figure 6 ATG4D promoter activity is not affected by anoikis

environment

2.6 KREIRFEIIET ATGID mRNA 94852 1k

R itk — 5y Bt ATG4D 323k LR W HLEI , ATG4D
mRNA FeUE M il & B, 5 X REZHAH LE , AR 2103 41
i ATG4D mRNA [ 52 M 2% 1S 5k (P<0. 05, &1 7)) ,

XS5 AR, R ELIAEE T I 4 il th ATG4D mRNA
R e PEBG i 2 R BOL A R W5 AL WK
MM AR [ EHEL R K
2.7 R FEIRFART @ ATCAD & & 948 2 L

Ry it — 20 4 A 8BRS E X ATG4D 3k il
(520, ATGAD 85 RS E AN & B, 5% BT AR L
AR ZH 9 40 L B ATGAD 28 FH s M G i 2 A8 1k (&
8), ik —ZEHRPLIR , K HEIAHE N IR 40 e b ATGAD &
P IR b 2202 th K mRNA 19888 PESG sR rEk,
M5 ATG4AD & H I e TR R A K

3 itig

3.1 BRI B AR F T R R SO B 0 R AR
#4538 AL
il 96 200 A e s aod o R R A B R G I A 2B A
WA A 40 M AN L T (extracellular matrix, ECM ) 25 fff
AT OL T A A FRIF AN S . FEIE % A h , Bk =
Bl ECM ZH R A A sl 2 A A= R T, RIG BEUR T fie
T 20 ] DL i 2 B SORARPU R SR T, A2 2
B PRl B 022 | 2 (8] B % 4K (epithelial-mesenchymal
transition, EMT) FTIH T IR A2 A4S F PRI AL
FO R4 LA K i BRI AR Cln ) A L BiFg R



1860 i A5 22 R R 2241, 2026, 48(13)

http ://aammt. tmmu. edu. cn

HepG2
s c
DE: on
o AR
3 0.81
=
<
G
3 P<0.000 1
2 0.4 :
©
<
[&]
k=]
2
O T T T 1
0 2 4 6 8
Time/h A

AGS
<Z( 1.2-| c
& on
E AR
g
3 0.8
<
°
S
g 049 P<0.000 1
=
o
=]
2

0 T T T 1

0 2 4 6 8
Time/h B

A and B: mRNA levels of ATG4D in control or AR tumor cells of HepG2 (A) and AGS (B) by qRT-PCR after treatment with actinomycin D
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Figure 7 ATG4D mRNA stability is enhanced by anoikis environment
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Figure 8 Protein stability of ATG4D is not affected by anoikis environment
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