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[Abstract] Objective To investigate the expression level of aconitate decarboxylase 1 (ACOD1) in hepatocellular
carcinoma (HCC) and its role in HCC cell growth, as well as the underlying mechanisms. Methods The expression of
the ACOD1 gene in HCC and its correlation with patient survival were analyzed using the GTEx and TCGA databases.
ACODI protein expression in four paired HCC and adjacent non-tumor tissues was detected by Western blotting. After
ACOD1 knockdown in HepG2 and PLC/PRF/5 HCC cells, cell proliferation and death were assessed by MTT and LDH
assays, respectively. Following ACOD1 knockdown, 4-octyl itaconate (4-OI) was administered to observe changes in cell
proliferation. Potential mechanisms were predicted using the cBioPortal database through KEGG enrichment analysis,
and the expression of autophagy-related proteins LC3- Il and p62 was measured by Western blotting. After ACOD1
knockdown, cells were treated with chloroquine (CQ) or supplemented with 4-OI to observe changes in autophagy
marker proteins and cell proliferation. Results ACODI1 protein expression was significantly overexpressed in HCC

tissues than in adjacent tissues (approximately 2-fold). Patients with ACOD1 overexpression had shorter overall survival
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(P < 0.05). Knocking down ACOD1 in HepG2 and PLC/PREF/5 cells, which expressed high levels of ACOD1, inhibited cell
proliferation (by approximately 20% and 30%, respectively; both P < 0.05) and increased cell death (by approximately
30% in both cell lines; both P < 0.05). 4-OI promoted cell growth in a concentration-dependent manner and reversed the
decrease in cell viability caused by ACODI1 knockdown, restoring it to 93% and 90% of control levels, respectively (both
P < 0.05). KEGG analysis suggested a potential association between ACODI and the autophagy pathway. ACOD1
knockdown significantly increased LC3- Il levels (by approximately 7-fold and 10-fold, respectively; both P < 0.05) and
decreased p62 levels (by 40% and 30%, respectively; both P < 0.05) in HepG2 and PLC/PRF/5 cells. CQ treatment
increased the LC3- I /LC3- | ratio and p62 protein expression (both by approximately 2-fold; P < 0.05). Combined
ACOD1I knockdown further increased the LC3- I /LC3- I ratio (by approximately 10%; P < 0.05), while p62 protein
expression did not increase significantly (P > 0.05). Supplementation with 4-OI reversed the changes in LC3- Il and p62
protein expression induced by ACODI knockdown. Furthermore, CQ treatment partially rescued the decrease in viability
of HepG2 and PLC/PRE/5 cells caused by ACOD1 knockdown (restoring viability to 75% and 80%, respectively; both P <

0.05). Conclusion ACODI is overexpressed in HCC and its' overexpression is associated with poor prognosis. ACOD1

promotes HCC cell growth by synthesizing itaconate, which inhibits cellular autophagy.
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genome atlas, TCGA ) $(¥E 53T ACODI mRNATEJFFiE J
IEH AR PR RIA 225, FlJHcBioPortal §tis R #r 2
HACODIILF AW FE I, B J5 i FH 7 26 &4l 40 B 2
Sangerbox(http://www.sangerbox.com/tool ) #f{TKEGG &
E N5 ACOD LR B M W F S m g™ . FIH
cBioPortal 8 ¥E /3 HrACOD 13 RN TR 8 5 B Ak 71
(overall survival, OS) fIAH A
1.7 SFitZEHiE

ffi FH Graphpad Prism# {4317 55048 737, 45 23R LA
X+ sFn. PAWECR RS, Z41 SR FIUR Ry

2253, B XF[R— B B 58T, A AE 2 R ARG 5, 7% 1§
Bonferroni® 7 VA5 fil K 30 /K fE (I th C IR -G R
RT3 ) s AT X2 2 A AR 40, BEATAR AP i i, SR
Bonferroniihi i iE . A 753 Hrif id Kaplan-Meier i £k %
TR AT R R A or A 20 [B] FL A . P<0.05 A 25 A 4t
TR

2 #R

2.1 ACODIEREFERIEZESEELRRIGHERX

M GTEXRR 243 HT, ACOD 13 [F mRNATE 1E % )T
A RARRIE, HARKIK P AE42F0E 5 LU Ak T8
F2EIX (F1A) . T TCGARIR A X iR, 5 1E
WITFHS M, ACODIFEF mRNATEFEH L 3%
P (1B, P<0.05) ., Kaplan-Meier & 77 Mt — 38101,
ACODIEF mRNA (= 2 7k [ 1 B A A A7 1) 5 25 40
(KE1C) o [RIEF, o4 9 B g 55 2H 2R A G 20 21 b
7, o3t R ZH 40 ACOD 14K 1A /K 1 2 X6 i i 5 4.
LU P, B ACOD L R4 2 B 3 M (E1D,
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) Bulk tissue gene expression for ACODI1 (ENSG00000102794.10)
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Fig 1 The expression of ACODI1 and its correlation with patient prognosis

A, The expression of ACODI mRNA in different human tissues; B, the expression of ACODI mRNA in normal tissues (n = 102) and HCC tissues (n = 373), a two-

tailed Student's t-test was performed; C, the correlation between ACODI and overall survival (n = 376), Kaplan-Meier curves were generated and compared with the log-

rank test; D, analysis of ACODI expression in HCC tissues and paired normal tissues, a two-way ANOVA with Sidék correction was used (compared with normal). ™ P <

0.001, " P<0.0001.
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Fig 2 The role of ACODI knockdown in cell growth

A, Analysis of ACOD1 expression in different HCC cells; B, Western blot analysis of ACODI knockdown efficiency, a two-way ANOVA with Dunnett correction was

used (compared with siNC); C, cell viability was measured by MTT assays, a two-tailed Student's t-test was performed; D, cell death was determined by measuring LDH

release in the culture supernatants, a two-tailed Student's ¢-test was performed. “p< 0.01,""
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Fig 3 The role of 4-OI in ACODI1-mediated carcinogenesis
A, Cell viability was measured by MTT assays, a two-way ANOVA with
Dunnett correction was used (vs. 0 pumol/L), n = 5; B, cell viability was measured
by MTT assays, n = 3, a two-way ANOVA with Dunnett correction was used
(compared with sSiACODI). " P<0.01, P<0.001,  P<0.0001.
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Fig4 ACODI knockdown regulates autophagic flux
A, KEGG enrichment analysis of ACODI-coexpression genes; B, Western blot of LC3- Il and P62 expression upon siACODI, a two-way ANOVA with Dunnett
correction was used (vs. siNC); C, Western blot of LC3- Il and P62 expression upon siACODI in combination with CQ, a two-way ANOV A with Dunnett correction was
used. " P<0.05," P<0.01,”" P<0.001,”" P<0.0001, 1 =3.
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Fig 5 The role of 4-OI in ACOD1-mediated autophagy Fig 6 The role of autophagy in ACOD1-mediated carcinogenesis
A two-way ANOVA with Dunnett correction was used (vs. siACODI). A two-way ANOVA with Tukey correction was used. "P<0.05,  P<001,

" p<001,” P<0.00l, " P<0.0001,n=3. " p<0.001,” P<0.0001, 1 =3.
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