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Abstract: A transcriptional regulatory network for wild-type and ATP7B-knockout HepG2 cells exposed
to copper was constructed by bioinformatics methods to explore the potential mechanism of key
transcription factors in the pathogenesis of hepatolenticular degeneration. The differentially expressed
genes (DEGs) for wild-type and ATP7B-knockout HepG2 cell lines without copper and exposed to copper
were collected from the gene expression omnibus (GEO) database. Gene ontology (GO) and Kyoto
encyclopedia of genes and genomes (KEGG) enrichment analysis were performed for DEGs induced by
copper. The key functional modules and genes were identified based on the protein-protein interaction
(PPI) network. Moreover, the enrichment analysis of genes in functional modules was performed. Finally,
a transcriptional regulatory network was constructed to screen the core transcription factors. A total of
1 034 genes, including 509 down-regulated genes and 525 up-regulated genes, were selected as DEGs. The
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up-regulated and down-regulated functional modules based on PPI network included 3 785 and 3 931
genes, respectively. Genes in key functional modules were enriched in cell-substrate junction,
chromosomal region, spliceosomal complex and ribosome. They were involved in mRNA processing,
histone modification, RNA splicing, regulation of DNA metabolic process, protein phosphorylation and
other biological processes. Moreover, they were correlated to transcriptional coregulator activity,
DNA-binding transcription factor binding, ubiquitin-like protein ligase binding and other molecular
functions. KEGG analysis showed that genes in key functional modules were significantly enriched in
hepatitis B, MAPK signaling pathway, cellular senescence and apoptosis, neurotrophin signaling pathway
and pathways of neurodegeneration-multiple diseases. The transcriptional regulatory network contained 11
differentially expressed transcription factors and 96 DEGs. Among them, U2AF1, NFRKB, FUS, MAX,
SRSF1, CEBPA and RXRA were the core transcription factors, which may facilitate the study of the
biological function of relevant molecules in transcriptional regulation of hepatolenticular degeneration.

Keywords: hepatolenticular degeneration, ATP7B gene knockout; differentially expressed gene;

transcriptional regulatory network; differentially expressed transcription factors
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Figure 1 Screening of DEGs. (A) Venn diagram showing overlap of DEGs by limma, edgeR and DESeq2

packages. (B) Heatmap of DEGs between wild-type and ATP7B-knockout HepG2 cells exposed to copper.

WT1+Cu~WT3+Cu: wild-type HepG2 cells with Cu exposure; ATP7B-kol+Cu~ATP7B-ko3+Cu:

ATP7B-knockout HepG2 cells with Cu exposure; blue scale: down-regulated genes; red scale: up-regulated

genes.
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Figure 2 GO and KEGG enrichment analysis of DEGs. GO enrichment results of down-regulated genes (A)
and up-regulated genes (C); KEGG enrichment results of down-regulated genes (B) and up-regulated genes (D).
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Figure 3 GO and KEGG enrichment analysis of genes in key functional modules. GO enrichment results of
genes in down-regulated key functional modules (A) and in up-regulated key functional modules (C); KEGG
enrichment results of genes in down-regulated key functional modules (B) and in up-regulated key functional
modules (D).
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Figure 4 Differentially expressed transcription factors and differentially expressed genes regulatory
network. Green square represents differentially expressed transcription factors, and yellow circle represents
differentially expressed genes. The size of a node represents its degree. Red lines represent up-regulated, and

blue lines represent down-regulated.

SRIKEHNZ MR 547 DPREEXRR, Hrp,
U2AF1, NFRKB, FUS, MAX, SRSF1, CEBPA
Ml RXRA X 7 AN s IR0 T4 W 45 1)
O, XEEAZ 0 25 SRR s I IR R TR
2% DEGs B3Rk (3% 3). 1o, K 4 &or,
JHF SR AR M B SE IR ATP7B i Rl s 32 31 1 2%
Sk 5E 55 ¥ HMG20A . NFATC3, ZNF792
1 HNF4G A91E 5 .

http://journals.im.ac.cn/cjben

R3 RN RIHEMNE F% DE R EF

Table 3

Core

transcription factors in the

transcriptional regulatory network of Wilson disease

Gene symbol

Degree of node

U2AF1 238
NFRKB 223
FUS 213
MAX 206
SPSF1 198
CEBPA 192
RXRA 152
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MR B BT FEAR AR G HE I, F 225 5K mRNA
BB HE L T DL R s g AR T Hep
SRSF1 BN R — IS TE Ry s 2 N,
i VPR R BT R RE NS A LR g 0 & SR kA,
A BEFERY] SRSF1 A AT LA INKT 4l i
MR oAk, I BEAE 1G58 X 2k S 43 A T 52
1, WS R, fEHIIRE A A B C
FEMIERP, 5355, Sanders S I 45 3%
B, #SRINT MAX TEARR AT o S 5HFI R
A AR R LA A A RO, 5 kappaB
254 H (nuclear factor kappa-B, NFRKB) #H
KB A TR A p I/ b 5k, e
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e 5 9 & R B WA 2T,
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— PR R, BFS R T R A A A1
£ R0 A S A D A T 490 ) P 24 P 1
Takova &5 P*13E 3 SO0 UIF 52, % & B8 5L A
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FEUN MG T N ek . A, s
¥ CEBPA HJSZHARAIRERZ I T WD 4 IFIE
ARG RE 1. 5 — 7, R AR AR AR
Y E EEAEH, CCAAT H R4S 5 HE N
(CCAAT enhancer binding proteins, CEBPs), ¥
Sli& CEBPA £l 1 Ag Ui 40 B i o0k . BF9E 3R
B, # il CEBPA B UL iis i AR5, fig
B[R F98 RXRA ik, £W] CEBPA i
RXRA 5 JHWERE 7 4 B i o34k T H- 25 4 AL A A
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BT EERY, WD B 1A 2 R (R
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