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EHHADH is a key gene in fatty acid metabolism pathways in hepatocellular carcinoma: a

transcriptomic analysis
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Abstract: Objective To explore the driving gene of hepatocellular carcinoma (HCC) occurrence and progression and its
potential as new therapeutic target of HCC. Methods The transcriptome and genomic data of 858 HCC tissues and 493
adjacent tissues were obtained from TCGA, GEO, and ICGC databases. Gene Set Enrichment Analysis (GSEA) identified
EHHADH (encoding enoyl-CoA hydratase/L-3-hydroxyacyl-CoA dehydrogenase) as the hub gene in the significantly enriched
differential pathways in HCC. The downregulation of EHHADH expression at the transcriptome level was found to correlate
with TP53 mutation based on analysis of the TCGA- HCC dataset, and the mechanism by which TP53 mutation caused
EHHADH downregulation was explored through correlation analysis. Analysis of the data from the Metascape database
suggested that EHHADH was strongly correlated with the ferroptosis signaling pathway in HCC progression, and to verify
this result, immunohistochemical staining was used to examine EHHADH expression in 30 HCC tissues and paired adjacent
tissues. Results All the 3 HCC datasets showed signficnatly lowered EHHADH expression in HCC tissues as compared with
the adjacent tissues (P<0.05) with a close correlation with the degree of hepatocyte de-differentiation (P<0.01). The somatic
landscape of HCC cohort in TCGA dataset showed that HCC patients had the highest genomic TP53 mutation rate. The
transcriptomic level of PPARGCI1A, the upstream gene of EHHADH, was significantly downregulated in HCC patients with
TP53 mutation as compared with those without the mutation (P<0.05), and was significantly correlated with EHHADH
expression level. GO and KEGG enrichment analyses showed that EHHADH expression was significantly correlated with
abnormal fatty acid metabolism in HCC. The immunohistochemical results showd that the expression level of EHHADH in
HCC tissues was down-regulated, and its expression level was related to the degree of hepatocytes de-differentiation and the
process of ferroptosis. Conclusion TP53 mutations may induce abnormal expression of PPARGCIA to cause downregulation
of EHHADH expression in HCC. The low expression of EHHADH is closely associated with aggravation of de-differentiation
and ferroptosis escape in HCC tissues, suggesting the potential of EHHADH as a therapeutic target for HCC.

Keywords: hepatocellular carcinoma; enoyl-CoA hydratase/L-3-hydroxyacyl-CoA dehydrogenase; TP53 mutation; de-
differentiation; ferroptosis
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Tab.1 Data used in this study
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AR neRET 5 HCC g 4nft h 2R s ala
K BEFENFSY 3R B EHHADH 5 28 M 1 dn-i N
Je8 O HLIRASR A R R MR DG 1, SR, 1A
FEHCC HRIFR S1E R AL A

AT GEO BEE . TCGA K e ICGCHL
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EHHADH |75 PPARGC1A #5547k - A%,
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Name HCC421 HCC389 HCC488
Source TCGA ICGC-LIHC-JP GSE14520
Illumina GPL571
Plat )
HiSeq GPL3921
Cancer tissue 371 240 247
Sample No-cancer tissue 50 202 241
Total 421 442 4388
Alive 241 189 146
Survival state
Dead 130 43 96
FEMALE 121 61 31
Gender
MALE 250 171 211
1 171 36 96
11 86 106 78
11T 3 3
1ITA 65 29
71
Tumor stage 1B 8 15
1mic 9 4
IVB 2 0
v 2 19 0
IVA 1 0
Gl 55 Unknown Unknown
G2 177 Unknown Unknown
Grade
G3 122 Unknown Unknown
G4 12 Unknown Unknown
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Fig.1 GSEA analysis based on HCC488 dataset. A: Gradient histogram consisting of the top 20 up-
regulated and down-regulated KEGG pathways in HCC tissues compared with non-tumor
tissues based on the results of GSEA analysis. B: Intersection of the genes of the top 20 up/down-
regulated KEGG pathways show involvement of EHHADH in 5 down-regulated pathways.
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Fig.2 Expression of EHHADH in non-tumor tissues and tumor tissues of HCC. A-C: EHHADH expression in HCC and non-tumor
tissues from HCC421 dataset, HCC442 dataset and HCC488 dataset. D: Protein expression of EHHADH in HCC and non-tumor tissues
in CPTAC dataset. E-H: Representative results of immunohistochemistry showing EHHADH expression in non-tumor and HCC

tissues. ****P<0.0001.
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Tab.2 Clinical information of patients in HCC421 datasets

Clinical indicator EHHADH exp>mid EHHADH exp<mid P
Alive 129 112

Dead 57 73 0.095
Mean (SD) 61.3 (13.2) 57.6 (13.7)

Median [MIN, MAX] 64 [16, 90] 5917, 85] 0.009
Female 54 67

Male 132 118 0.172
Tl 102 79

T2 42 50

T3 20 25

T3a 10 19

T3b 2 4

T4 7 6

X 1

T2a 1

T2b 1 0.173
1 96 75

I 39 47

111 2 1

1A 26 39

111B 3 5

1IC 3 6

IVB 1 1

v 2

IVA 1 0.26
Gl 36 19

G2 96 81

G3 47 75

G4 4 8 0.003
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A Expression of EHHADH in HCC421 based on tumor grade
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Fig.4 Expression of EHHADH in HCC tissues with different degrees of differentiation. A:
EHHADH expression in HCC tissues with different degrees of differentiation from HCC421
dataset. B, C: Spearman correlation analysis of the expressions of the two genes.
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Fig.5 Immunohistochemical and HE staining of HCC tissues with different degrees of differentiation. A-F/M-R:
Representative image of immunohistochemistry showing EHHADH expression in HCC tissues with different degrees
of differentiation. G-L/S-X: HE staining showing EHHADH expression in HCC tissues with different degrees of

differentiation.
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mRNA in EHHADH high expression HCC tissues
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and confidence interval of EHHADH in multiple tumours are analyzed by univariate cox regression; C-

E: Kaplan-Meier survival curve for HCC patients in the high- and low-expression EHHADH groups.
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