
CJSJ 2018_________________________________________________________________________________ 

Abstract — The aim of this study was to identify regulatory 
relationships between genomic variants and gene 
expression associated with liver hepatocellular carcinoma 
(HCC). Specifically, an integrative analysis combining gene 
expression and copy number variations (CNVs) in HCC 
tumor-normal matched samples was performed on RNA-
seq and whole-genome sequencing data, respectively, 
identifying 11 CNV-driven genes. Through these analyses, 
it was possible to extract biomarkers associated to HCC. 

I. INTRODUCTION 

Liver hepatocellular carcinoma (HCC) is the second 
leading cause of cancer mortality worldwide, yet the genomic 
underpinnings of HCC remain poorly understood [1]. 
Recently, copy number variations (CNVs), large deletions, 
amplifications, or complex rearrangements of the genome 
ranging from 1k to 1M base pairs, have been found associated 
to cancer through activation of oncogenes or inactivation of 
tumor suppressor genes [2]. With the advent of new 
computational tools, there has been an increase in RNA 
sequencing (RNA-seq) and whole-genome sequencing (WGS) 
data available for differential expression analysis and CNV 
detection, respectively [1]. Combining differential expression 
analysis and CNV detection, it is possible to identify CNV-
driven genes showing differential expression between tumor 
and normal samples that may be clinically useful candidate 
genes for diagnosis, prognosis, and drug targets. 

II. METHODS 

Raw counts were derived from 11 paired HCC tumor-
normal samples from The Cancer Genome Atlas database [1]. 
Differential expression analysis was performed on the RNA-
seq data using R package DESeq2 [3]. The differentially 
expressed genes (DEGs) were annotated for related Gene 
Ontology (GO) terms, which describe biological processes 
and molecular functions, and ConsensusPathDB pathways. 
Subsequently, the algorithm BIC-seq2 was implemented on 
the WGS data to identify CNVs overlapping with previously 
identified DEGs [4]. 
 

III. RESULTS AND DISCUSSION 
 
Out of the 20,502 original genes investigated, 941 genes were 
DEGs (Bonferroni < 0.05). DEGs were enriched for GO terms 
and pathways for xenobiotics metabolism, mitotic 
cytokinesis, and the epoxygenase P450 pathway. BIC-seq2 
identified 11 CNV-driven DEGs: six with copy number gains 
and five with copy number losses (Table 1). Five CNV-driven 
DEGs have established associations to cancer: CUL7 and 
CUL9 are associated with genomic integrity mediated by p53, 
a key tumor suppressor gene, FANCE is an oncogene 
involved in DNA repair, SYNE1 is involved in mutational 
interactions with survival genes in cancers, and ZC3H3 is 
downregulated by the mutant p53/let-7i axis (Fig. 1). 

 
 
 
 
 
 

TABLE I. Copy Number Changes in CNV-Driven DEGs 

 
Figure 1: Gene Expression Changes in Four CNV-Driven DEGs 
 

IV. CONCLUSION AND FUTURE WORK 
 

Through differential expression and CNV analysis, 
biological events, pathways, and genes have been found 
associated to HCC that could potentially be used for cancer 
drug and treatment development. The integrative analysis 
supports the role of CUL7, CUL9, FANCE, SYNE1 and 
ZC3H3 in cancer, and presents the other CNV-driven DEGs 
as candidate cancer susceptibility variants for future study. 

 
V. ACKNOWLEDGMENTS 

 
Thank you to my mentors, Dr. Tiziana Sanavia and Dr. 

Peter J. Park, as well as Mrs. Peborde-Burke. 
 

VI. REFERENCES 
 

[1] Roberts, Lewis R., and David A. Wheeler. "Comprehensive 
Integrative Characterization of Hepatocellular Carcinoma: 
The TCGA HCC Project." Cancer Research 75.15 Supplement 
(2015): 3745. Web. 
[2] Xi, R., A. G. Hadjipanayis, L. J. Luquette, T.-M. Kim, E. 
Lee, J. Zhang, M. D. Johnson, D. M. Muzny, D. A. Wheeler, R. 
A. Gibbs, R. Kucherlapati, and P. J. Park. "Copy Number 
Variation Detection in Whole-genome Sequencing Data Using 
the Bayesian Information Criterion." Proceedings of the 
National Academy of Sciences 108.46 (2011): n. pag. Web. 
[3] Love, Michael I., Wolfgang Huber, and Simon Anders. 
"Moderated Estimation of Fold Change and Dispersion for 
RNA-seq Data with DESeq2." Genome Biology 15.12 (2014): n. 
pag. Web. 
[4] Xi, Ruibin, Semin Lee, Yuchao Xia, Tae-Min Kim, and 
Peter J. Park. "Copy Number Analysis of Whole-genome Data 
Using BIC-seq2 and Its Application to Detection of Cancer 
Susceptibility Variants." Nucleic Acids Research 44.13 (2016): 
6274-286. Web. 
*Research supported by the Department of Biomedical 
Informatics at Harvard Medical School. Diane Zhang is a 
student at Fox Lane High School, Bedford, NY 10506 USA 
(email: dkzhang711@gmail.com). 
 

Copy Number Variations and Their Impact on Gene Expression in Liver Cancer 

Diane Zhang 

2 


