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Genome-wide analysis of genetic variations assisted
by Ingenuity Pathway Analysis to comprehensively
investigate potential genetic targets associated
with the progression of hepatocellular carcinoma
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Abstract. - OBJECTIVES: Hepatocellular car-
cinoma (HCC) is one of the most common ma-
lignant tumors and the third cause of cancer
death worldwide. The development of HCC is a
multi-pathway regulated process including a
variety of genetic mutations and variations.

MATERIALS AND METHODS: To get an in-
sight into the overall genetic aberration, we an-
alyzed the gene expression profile of 9 HCC
samples and 9 normal liver tissues as control.
Genes located in these two regions of 4p16.3
and 14g32.1 with gain or loss proceeded to in-
depth analysis based on the Ingenuity Pathway
Analysis (IPA). Through network analysis of
these genes and pathways, molecules highly
correlated with HCC and might be targeted for
treatments were also hunted out.

RESULTS: Through this method, we found two
MicroRNAs (miR-943 and miR-571) that never
been reported in HCC samples before.

CONCLUSIONS: Our study has introduced an
effective method for cancer research and our
work will greatly promote the genetic knowl-
edge of HCC.
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Introduction

Hepatocellular carcinoma (HCC), accounts for
most of the primary hepatic carcinoma, is one of
the most common malignant tumors that place it
near the very top of causes for cancer death
worldwide!=. HCC is much more common in
men than in women*. The incidence of it varies
greatly by areas that are much higher in Eastern
and Southern eastern Asia, Middle and Western
Africa, Melanesia, and Micronesia/Polynesia
than in developed regions such as most areas of

American and Europe®. However, the incidence
of HCC and mortality rates has increased rapidly
in these areas for recent few years’. The induc-
tion factors are various and complicated includ-
ing intemperate alcohol intake, aflatoxin poison-
ing and for the most part virus infection®’. Since
most of patients are diagnosed at later stage with
other advanced diseases and liver dysfunction,
the prognosis is generally very poor that the me-
dian survival times less than one year.

To some extent, cancer is the result of uncon-
trolled cell abnormal proliferation due to the mu-
tations or other variations such as copy number
variation (CNV) or DNA rearrangement of some
gene regions that are critical to some cellular sig-
nal pathways in genetic regulating network'®. Get-
ting known the information about gene mutations
and variations that are related with cancer devel-
opment will assist us to make an earlier diagnosis
and effective personalized treatment. For the past
decades, with the progress in molecular mecha-
nism of cancer research, several genes have been
found to play an important role in carcinogenesis.
The genes such as TP53 and PTEN have been re-
ported to suppress cancer growth while the gene
of B-catenin, ErbB family, COX-2 and HGF can
promote the development of cancer!!"'>. However,
these are far from enough. The molecular mecha-
nism is much more complicated than we have
thought that different patients with the same can-
cer may have different genetic alterations and the
variations usually appear in diverse combination.
Therefore, much effort should be put to figure out
the relationships between genes related with HCC
and the function of them in the regulating net-
work of cellular life circle.

In our study, we firstly identified the regions
with gain or loss in HCC samples by analyzing the
whole genome expression data of HCC samples

Corresponding Author: Zhaocai Yu, MD; e-mail: yzhaocai@fmmu.edu.cn



Running Title: IPA analysis of HCC samples with chromosomal aberrations

and non-cancer liver samples. For the differential-
ly expressed regions, we then figured out the
genes in these regions and the related pathways
and regulating networks they participated in based
on the method of Ingenuity Pathway Analysis
(IPA). The interactions of these genes and the top
pathways including related molecules that might
play an important role in HCC pathogenesis were
clearly showed up. By this way, potential gene tar-
gets might be searched out much more easily.

Material and Methods

Microarray data

Gene expression datasets (GSE40873,
GSE6465 and GSE33006) were downloaded
from the Gene Expression Omnibus
(http://www.ncbi.nlm.nih.gov/geo/) database.
Sample information for 9 HCC samples and 9
noncancerous liver tissue samples is listed in
Table I. These datasets were based on the
GPL570 platform: Affymetrix GeneChip Human
Genome U133 Plus 2.0Array.

Detection of chromosomal aberrations
Datasets (GSE40873, GSE6465 and
GSE33006) of the 9 HCC samples and 9 non-
cancerous liver tissue samples were downloaded.
Raw data from the CEL files was divided into
test and control group respectively. Test data was
normalized using the control dataset. The rela-
tive expression level was calculated by the map-

Table I. Sample information.

ping of probe sets to each chromosome, chromo-
somal arms, cytobands and chromosomal bands.
Then, data were summarized and an iterative
median polishing procedure was used to gener-
ate a single expression value for each probe set.
The threshold of resulting log2-transformed ro-
bust multi-array analysis expression value was
acquired to detect chromosomal gain or loss, re-
spectively. A Fisher’s exact test was used to
compute the enrichment of under- and over-ex-
pressed probes in chromosomes or chromosomal
regions and the P-value were Bonferroni-cor-
rected by default!®.

IPA functional analysis

Gene list in the regions of chromosomal gain
and loss were functionally analyzed based on the
Ingenuity Pathway Analysis (IPA) soft-
warev14400082 (2012 Ingenuity Systems,
Inc. http://www.ingenuity.com). The IPA soft-
ware is based on computational algorithms that
analyze the functional connectivity of the genes
from information obtained within the IPA data-
base. Canonical pathways were scored for degree
by analyzing a ratio of the number of genes that
map to the pathway. The created genetic net-
works describe functional relationships among
genes or proteins based on known associations in
the databases. Networks related were ranked ac-
cording to their biological relevance to the gene
list provided. The p value calculated by Fisher's
exact test was to determine the probability of the
association was not due to chance alone.

Number GEO ID Sample type
1 GSM1003891_LC_07N-051217.CEL Noncancerous liver tissue
2 GSM1003892_L08_N-3_H_02.CEL Noncancerous liver tissue
3 GSM1003893_chip_array_L10N.CEL Noncancerous liver tissue
4 GSM1003894_chip_array L 18N.CEL Noncancerous liver tissue
5 GSM1003895_chip_array_L31N.CEL Noncancerous liver tissue
6 GSM1003896_chip_array_L42N.CEL Noncancerous liver tissue
7 GSM148605.CEL Primary hepatocellular carcinoma
8 GSM148606.CEL Primary hepatocellular carcinoma
9 GSM148607.CEL Primary hepatocellular carcinoma
10 GSM148608.CEL Primary hepatocellular carcinoma
11 GSM148609.CEL Primary hepatocellular carcinoma
12 GSM148610.CEL Primary hepatocellular carcinoma
13 GSM818276_T_01.CEL Adjacent_normal_liver
14 GSM818277_NT_01.CEL HCC _tissue
15 GSM818278_T_02.CEL Adjacent_normal_liver
16 GSM818279_NT_02.CEL HCC _tissue
17 GSM818280_T_03.CEL Adjacent_normal_liver
18 GSM818281_NT_03.CEL HCC _tissue
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Results

Through the analysis of chromosomal abnor-
malities from gene expression datasets, we de-
tected that there was a gain and a loss in the re-
gion of 4p16.3 and 14q32.1 respectively for HCC
samples controlled by the noncancerous liver tis-
sue samples with p value of 0.0000585 and
0.00425. IPA analysis result showed that the
pathways dominated in the region of 4p16.3 were
functionally related with cell proliferation, sig-

naling and metabolism, such as calcium signal-
ing pathway, STAT3 pathway, cAMP-mediated
signaling, bladder cancer signaling and dermatan
sulfate degradation (Metazoa). These pathways
played an important role in caner progression
and other diseases like dermatological diseases
and conditions. The network of these pathways
that biologically related with HCC was showed
in Figure 1. According to the IPA database, the
molecules in these pathways have the hepatotoxi-
city that could cause hepatocellular carcinoma,
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Figure 1. IPA based network for HCC in region 4p16.3. This figure illustrates the dominant pathways in the region of 4p16.3
for HCC samples, the critical transcription regulator, important enzymes and other molecules. The functional relationships of

these molecules are illustrated using straight lines with the arrow.



Running Title: IPA analysis of HCC samples with chromosomal aberrations

liver hyperplasia, liver proliferation and liver
necrosis. The top molecules from the IPA analy-
sis that functioned with HCC were listed in Table
II. Among these molecules, there were two non-
coding RNA (miR-943 and miR-571) that had
never been reported to play a role in HCC sam-
ples. Although not as significant as 4p16.3, we
also performed IPA analysis to the region of
14g32.1. For this region, the top canonical path-
ways were coagulation system, acute phase re-
sponse signaling, neuroprotective role of THOP1
in Alzheimer’s disease, TGF-f3 signaling and role
of NANOG in mammalian embryonic stem cell
pluripotency, mostly related with metabolic dis-
eases and neurological diseases. There were also

Table Il. Molecules might contributed to the progression of HCC.

some molecules having a hepatotoxicity to liver
that could cause liver damage, liver hyperplasia,
liver steatosis and liver cirrhosis. The function
network of this region was showed in Figure 2.

Discussion

HCC is one of the significant cancers world-
wide with poor prognosis. New and efficacious
methods for early diagnosis and therapy are nec-
essary. Accompanied with genetic malforma-
tions, some small molecules could be effective
diagnosis marker for HCC. In our study, we have
used the expression datasets of cancerous-non-

ID Molecules in network Score Focus Top diseases
molecules and functions

1 ABCF2, AGPAT2, ANKRD26, ANKRD28, FAM175B, 32 15 Cellular assembly and
FAM193A, GID8, HAUS1, HAUS2, HAUS3, HAUS4, organization, cellular
HAUS7, HAUSS, ILVBL, KIAA1009, KRI1, MAEA, function and maintenance,
MESD10, RNF212, SDCCAG3, SHKBP1, SLC26A1, cell cycle
TACC3, TGS1, TMEM129, TTF2, TUBG2, UBC, UVSSA,
ZFYVE28, ZNF141, ZNF595, ZNF718, ZNF721, ZNF732

2 ADDI1, APP, ATP5I, BUD31, DNAJC4, ECHDC?2, 24 13 Cell-to-cell signaling and
FAMS3A, heparan sulfate, HSP9OAAT, IDUA, KCNG1, interaction, hematological
keratan sulfate, miR-4645-5p (and other miRNAsw/seed system development and
CCAGGCA), MSANTDI1, MSMB, MXD4, MYLS5, function, immune cell
MYL10, MYLPF, myosin ATPase, AT6, NELFA, NKX3-2, trafficking
OARDI, PIGG, Ppplr12, Rock, SH3BP2, TGFB1, THAP4,
TMEM175, TMEM126B, TSSK2, VCAMI1, ZBTB49

3 26sProteasome, Akt, Ap2a2-Cltc-Hd, c-Myc/N-Myc, 20 11 Cancer, hematological disease,
caspase, CLEC4A, Dctnl-Dync112-Hap1-Hd, ERK, immunological disease
ERK1/2, FGFR3, GRK4, HISTONE, Histone h3,
Histone h4, Hsp70, HTT, LETM1, LRPAP1, Max-Myc,
MIPEP, MUC8, MYC, NFkB (complex), NOP14,
Nrp-PlexinA, P38 MAPK, PI3K (complex), Ras,
SHP2-PI3K-GAB2, SLBP, TMEM176B, TNIP2,
TP63, Ubiquitin, WHSC1

4 AGBL2, ATP, ATP6VOC, CARS,CBL, CPLX1, CTBP1-AS2, 20 11 Post-translational
DCLREIA, DGKQ, DOK7, HELQ, HIF1A, ITGB1, KIFC2, modification, protein folding,
KRT3, MAGEA2/MAGEA2B, mir-202, miR-1237-5p amino acid metabolism
(and other miRNAs w/seed GGGGGCG), miR-202-3p
(and other miRNAs w/seed GAGGUAU), MutL alpha,
MutS alpha, NAA30, NAE1, NATSL, P2RX4, PCGF3,
PCNA, PDE6B, POLN, RGS12, SPON2, TCN2, TMEM128,
TP53, Ube3

5 CHTOP, CRIPAK, DDX21, DDX27, DDX50, DDX54, 6 4 RNA post-transcriptional
DHX30, DKCI1, EGLN2, ESR1, FGF12, FTSJ3, GNL2, modification, auditory and
GNL3, GTPBP4, LUC7L3, LYAR, NAT10, NOP2,NSG1, vestibular system development
PRKRA, PRPF4B, RBM23, RNF4, RPL21, RPL24, and function, organ
RPLI18A, RPL36A/RPL36A-HNRNPH2, RRP1B, RSL1DI, morphology
SRPK2, SRSF5, TCOF1, TDG, YPEL3

6 miR-943 (miRNAs w/seed UGACUGU) 2 1 /

7 miR-571 (miRNAs w/seed GAGUUGG) 2 1 /
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cancerous paired samples to detect the related ge-
netic variations in HCC samples. For the detected
gene regions with gain and loss compared with
normal control samples, we analyzed the related
genes based on the IPA software. The top related
pathways and molecules in these regions were
analyzed for the possible association with HCC.
Functional network analysis in our study assisted
for searching new biomarkers.

In our study, we detected a significantly gained
region in 4p16.3. IPA analysis of this region
showed that the top related pathways played an
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important role in cellular proliferation, signaling
and metabolism, which would greatly promote
the progression of HCC. The core regulating mol-
ecules were MYC and TP63 by our network
analysis result showed in Figure 1. MYC and
TP63 have been reported to play a key role in the
regulation of gene expression with cancerous
stages'”8, Our result was consistent with former
study. However, we also found two miRNAs that
were never been reported in HCC samples. One
of these was miR943, and the other was miR571.
It has been reported that non-coding RNAs play
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Figure 2. IPA based network for HCC in region of 14q32.1. This figure illustrates the dominant pathways in the region of
14g32.1 for HCC samples. Critical enzymes and functional molecules are illustrated and the functional relationships are illus-

trated as Figure 1.
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an important role in cancer development!®2°.
MiR943 has been reported to expressed in human
cervical cancer samples?!, which suggests great
value of this molecule as a cancer biomarker. And
miR571 has also been reported to play a role in
pathogenesis of liver cirrhosis?’>. As researches
founded that part of liver cirrhosis was an impor-
tant factor for HCC*, miR571 might be another
critical molecule for the prevention of HCC. Al-
though the gene loss in 14q32.1 was not so signif-
icant, the pathway and network analysis showed
great functional potential of the variation in this
region for HCC progression.

Conclusions

Our study has introduced an effective method
for genome-wide detection of HCC related genetic
variations using gene expression datasets. With the
assistant of IPA software and the powerful data-
base, the molecules related with HCC progression
and potential biomarkers for diagnosis and therapy
could be easily found. The mechanisms of actions
could be clearly observed. Although the datasets
needs to be enlarged for fully understand the can-
cerous progression of HCC and select the most ef-
fective biomarkers, our work could be a good mod-
el for further research and greatly promote the re-
search of HCC and other cancers.
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