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Screening and identification of hub gene involved in hepatic
metastasis of carcinoma of pancreas

HUANG Kun, HE Yunsheng, LI Jianbo, ZHAO Pan, XIAO Chunbo, ZHAO Pingwu

(Department of General Surgery, Mianyang Hospital of Traditional Chinese Medicine, Mianyang, Sichuan 621000, China)

Abstract Background and Aims: Pancreatic cancer is a highly malignant tumor with a very poor prognosis, with
a 5-year survival rate of about 11.5%. Nearly half of the patients have distant metastasis at the time of
initial diagnosis, and liver metastasis accounts for 37% to 41.9% of them. Exploring new biomarkers for
pancreatic cancer liver metastasis may help improve the treatment efficacy in patients. Therefore, this
study was conducted to identify and validate key genes that play a critical role in the process of
pancreatic cancer liver metastasis using bioinformatics approaches.

Methods: The high-throughput sequencing dataset GSE151580 for pancreatic ductal adenocarcinoma
(PDAC) was downloaded from the GEO database, which included tissue samples from pancreatic cancer
liver metastases and primary lesions. The differentially expressed genes between liver metastasis tissue
samples and primary lesion tissue samples were screened using the R language limma package. The GO
and KEGG functional enrichment analyses were performed on the differentially expressed genes. The
protein-protein interaction networks were constructed using the STRING database, which were then
visualized using Cytoscape. The top 10 genes were selected using the CytoHubba plugin based on the
MCC topology analysis method, which were considered as the candidate core genes. Finally, the
candidate core genes were validated using TCGA, GEPIA, UALCAN, and HPA databases.

Results: A total of 46 512 genes were included in the analysis, with 491 differentially expressed genes
meeting the screening criteria, of which 162 were up-regulated and 329 were down-regulated. After
selecting the top 10 genes with the highest MCC scores, validation of the candidate genes showed that
the APOB gene was highly expressed in tumor tissues (P<0.05), with its expression product mainly
located in the cytoplasm and cell membrane, and showing moderate positive staining in
immunohistochemistry. APOB gene mutations were related to patients' M stage, with a higher proportion
of M1 patients in the mutation group (P=0.022 1). However, the expression of this gene was not
significantly associated with overall survival (OS) or disease-free survival (DFS) of the patients (both P>
0.05). In addition, the expression product of the APOA4 gene was also mainly located in the cytoplasm
and cell membrane, showing moderate positive staining in immunohistochemistry. 4POA4 gene
mutations were related to patients' TNM stage, with an earlier TNM stage in the mutation group (P=
0.018 3). Patients with low expression of this gene had higher DFS (HR=1.75, P=0.025), but its
expression was not related to OS (P>0.05).

Conclusion: The APOB gene may be associated with liver metastasis of pancreatic cancer and has the
potential to serve as a molecular biomarker for early screening of pancreatic cancer liver metastasis. The
APOA4 gene is associated with the DFS of pancreatic cancer patients and may become a new molecular
biomarker for evaluating patient prognosis, monitoring tumor recurrence, or as a potential target for gene
therapy.

Key words Pancreatic Neoplasms; Neoplasm Metastasis; Prognosis; Apolipoproteins A; Computational Biology
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Figure 1 Histogram of two standardized datasets
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Figure 2 Identification of differentially expressed genes that meet selection criteria

A: Volcano plot of differential gene

expression profiles; B: Heatmap of top 50 differentially expressed genes
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Table 1 Analysis of differential gene expression (top 20) between liver metastatic tissue and primary lesion tissue

Gene log2(FC) AveExpr t adj.P.val B
LECT2 -21.614 -5.402 36 -11.476 8 5.69E-07 15.366 78
UGT3A1 -20.4313 -4.700 02 -9.069 2 3.86E-05 11.274 64
c9 -9.035 24 6.306 353 -8.297 96 7.83E-05 9.772 982
FAM99B -19.31 -6.597 06 -8.272 96 7.83E-05 9.722 711
TUNAR 17.197 03 -8.329 59 8.255 348 7.83E-05 9.687 221
RP11-6B4.1 -17.283 -6.163 65 -8.141 8 7.83E-05 9.457 252
HP -9.036 22 9.995 952 -8.082 08 7.94E-05 9.335 473
CFHR3 -7.562 99 5.613 972 ~7.882 96 0.000 114 8.9253
FGB -8.148 47 9.906 944 ~7.424 65 0.000 308 7.957 326
CLEC4M -17.992 3 -4.642 72 =7.111 81 0.000 602 7.277 862
RP11-116D2.1 -19.273 5 -5.326 63 ~7.049 6 0.000 63 7.140 98
SCG2 4.552 439 5.554 494 7.030 58 0.000 63 7.099 017
APOD 4.540 062 8.086 418 6.995 817 0.000 641 7.022 184
APOB =7.753 61 8.678 111 -6.930 72 0.000 705 6.877 825
CYP2E1 —-6.557 05 8.821 783 -6.810 82 0.000 73 6.610 336
LINCO01475 13.878 27 -6.214 73 6.805 924 0.000 73 6.599 376
SLC22A25 -17.524 4 -6.273 12 -6.799 95 0.000 73 6.585 999
NEUROD1 17.255 27 -7.127 28 6.777 715 0.000 73 6.536 126
CREB3L3 -6.580 92 5.592 886 -6.762 76 0.000 73 6.502 548
HPX -7.052 58 8.195 987 -6.759 98 0.000 73 6.496 296
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Figure 3

A-D: A R T2 B 2R RN S 5011 107~ BP, CC, MF

Functional enrichment analysis of differentially expressed genes (the Y-axis showing the results of functional

enrichment analysis; the X-axis representing the percentage of genes involved in BP, CC, MF, and KEGG:; the size of
the bubble representing the number of genes involved in BP, CC, MF, and KEGG, with larger bubbles indicating

more genes involved; the color of the bubble representing the significance of the P-value, with red to blue indicating

increase of the P-value)

respectively
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A-D: The results of BP, CC, MF and KEGG of the top 10 differentially expressed genes,
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Figure 4 Interaction network diagram of differentially expressed genes (the node in the graph representing each differentially

expressed gene, with red or yellow nodes representing core genes, and the color of the node becoming increasingly

red as the MCC score increases)
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Figure 5 Verification of APOB gene  A: Bar graph of M stage comparison between APOB gene mutation and non-mutation
groups based on TCGA database validation; B-C: Validation of the relationship between APOB expression and OS and
DFS based on GEPIA database; D—E: Validation of APOB expression levels in tumor tissue and normal tissue based on
UALCAN database; F: Validation of 4POB expression and cellular localization in pancreatic cancer tissue and normal
tissue based on HPA database
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FiktE; Fo 25T HPA XU FES IR BRI 21 SURIIE B 412U APOA4 R IA AN A 5 13

Figure 6 Verification of APOA4 gene  A: Bar graph of TNM stage comparison between 4POB4 gene mutation and non-mutation

groups based on TCGA database validation; B-C: Validation of the relationship between APOB4 expression and OS and
DEFS based on GEPIA database; D—E: Validation of APOB4 expression levels in tumor tissue and normal tissue based on
UALCAN database; F: Validation of APOB4 expression and cellular localization in pancreatic cancer tissue and normal
tissue based on HPA database
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