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Abstract 

From the viewpoint of gene data streams, gene expression data of 
hepatocellular carcinoma are investigated to screen target genes 
and core genes, which are employed to propose a new strategy 
for the treatment of hepatocellular carcinoma. New concepts such 
as gene data streams, gene characteristic strength, gene impact 
factor and gene force are proposed. Together with gene 
community network, a novel algorithm, that is, called GF 
algorithm, is presented to screen feature genes, target genes and 
score genes.  And the fifteen HCC target genes have been 
screened, which are further used to find three core genes 
including HAMP, MTs and GPC3.According to the relationship 
between the three core genes such as HAMP, MTs and GPC3 
and the metals including copper, iron and zinc, a treatment 
strategy for HCC is proposed, namely, "Supplement Iron and 
Zinc after surgery" for HCC patients. The proposed treatment 
method can be used to regulate the expression levels of HCC 
core genes . 
Keywords:Gene Data Stream, Gene Force, Gene Community 

Network, target genes,Core Genes. 

1. Introduction 

Hepatocellular carcinoma (HCC), with poor survival rates 
unless recognized and treated early, is ranked as the fifth 
most common cancer worldwide and the third biggest 
cause of cancer death[1]. Data stream has been widely used 
in clinical treatments such as medical imaging[2]and 
critical care [3], unfortunately, which has been less applied 

to gene researches such as gene data updating[4].The 
traditional feature genes approaches only consider the 
differences of the gene expressions between tumor and 
normal tissues[5]; however, the degrees of the differences 
are not taken into account. The intensity of the correlations 
between genes has not been clearly defined and 
interpreted. The absolute values of Pearson's correlation 
coefficients are usually used to assess the correlation of 
genes[6], which fail to distinguish the positive correlation 
from the negative correlation. According the graph theory, 
we can build networks to make Community Detection for 
genes [7-10].Target genes are usually obtained by using 
biological experiments[11], but it is noted that the 
experiments are difficult to implement and the coverage is 
often small. There seems not to be an agreed opinion on 
the reason caused tumor. One opinion is that oncogenes 
being active and anti-oncogenes being inactive will cause 
tumor[12]. Another one emphasizes that the mutation of the 
oncogenes and anti-oncogenes will lead to cancer[14]. 
Recently, gene therapy has been applied in gene 
replacement, gene correction, gene augmentation, and 
gene inactivation[13]. Unfortunately, the conventional gene 
therapy methods[15] seem to be difficult to implement and 
their effectiveness has yet proved significantly. 
 
As a result, there is a strong motivation to investigate gene 
therapy from the viewpoint of data stream, providing a 
new idea for the treatment of HCC. The core gene therapy 
has been investigated based on HCC genes data streams. 
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This innovation has been reflected in the methods and 
results. The novelty of the proposed research methods is 
summarized as follows: New concepts such as gene data 
streams, gene characteristic strength (CS), gene impact 
factor (GIF) and gene force (GF) are proposed. A novel 
algorithm, that is, called GF algorithm, is presented to 
screen feature genes, and target genes. The gene 
community network (GCN) proposed[16-19] can be divided 
into gene positive network (GPN) and gene negative 
network (GNN). According to the relationship between the 
three core genes such as HAMP, MTs and GPC3 and the 
metals including copper, iron and zinc, a treatment 
strategy for HCC is proposed, namely, "Supplement Iron 
and Zinc after surgery" for HCC patients. The proposed 
treatment method can be used to regulate the expression 
levels of HCC core genes. 

2. Basic Concepts 

2.1 Gene data stream 

Gene data stream is formed by a series of data updating. 
From the perspective of the update, the gene data stream 
can be divided into horizontal data stream and vertical data 
stream, respectively.  

  
 

Figure 1.  Vertical and Horizontal update data update 

2.2 Gene Force(GF) 

A GF is determined by both the total impacts between the 
characteristics strength (CS) and the gene impact factor 
(GIF). The greater the gene force is, it is more likely for 
this gene to become a target gene. 

|l)mean(Norma-)mean(Tumor|CS =  (1) 
where mean(Tumor) and mean(Normal) denote the 
average of the gene expression levels in tumor, and the 
average of the gene expression levels in normal tissues, 
respectively 

2.0|p|        |,p|GIF ijij >= ∑  (2) 

where ijp  represents the Pearson correlation between 

gene i and gene j . 
The GF is defined as the multiplication of the CS and GIF, 
that is, 

GIF*CSGF =  (3) 

2.3 Gene community network (GCN) 
It is used to describe the relationship between genes. A 
connection matrix A  is used to store gene community 
networks (GCN),which is divide into two types: GPN and 
GNN. 

2.3.1Gene positive network (GPN)  
Extract a network from the GCN where the values of all 
the edges in the network are greater than 0, that is, 
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2.3.2Gene negative network (GNN)  
Remove the edges with the weights greater than 0 to form 
a network.  
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where ijr  is the Pearson correlation coefficient of the 

nodes i and j , and ]1,1[−∈ijr . 

3. Gene Force Algorithm 
Now it is ready to address the main method of the present 
paper, that is, GF algorithm. The flow chart of the 
algorithm is described by Figure 2. 

 
Figure 2.  The flowchart of gene force (GF) algorithm  
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The procedure of the gene force (GF) algorithm can be concluded 
as follows. 
(1)Initialization: Initial gene expression data are from m tissues 
and n genes. 
(2)Replacing missing values (MVs): The missing data are 
replaced by the mean of the other data of this gene in tumor 
issues or normal issues. Note that the missing gene expression 
data of the tumor tissues and normal tissue are replaced 
separately. 
(3)Calculate the CS values of all the genes.  
(4)Determine if CS values are greater than CS threshold (CST). 
Initially CST=0. 
(5)Input the parameter K (K≤n), where K is the number of 
candidate feature genes. 
(6)Sort the CS values in descending order to give the top K genes 
by using bubble sort algorithm.  
(7)Update the CS threshold (CST) by selecting CSCST = , 

where CS is the mean of the CS values. 
(8)Produce R (R≤K) genes with the CS values larger than the CS 
threshold (CST). 
(9)Calculate the Pearson correlation strength (PF), gene impact 
factors (GIF) and the gene forces (GF) of the R genes. 
(10)Update the GF threshold (GFT) by selecting GFGFT = , 

where GF  denotes the mean of the gene forces (GF). 
(11)Obtain Q (Q≤R) genes with their GF values larger than the 
GF threshold (GFT). The Q genes are the target genes. 

4. Results and Discussions 

4.1 Data 

The liver cancer microarray data are taken from Stamford 
genetic database, which is available at http://genome-
www.stanford.edu/hcc/supplement.shtml. The 3964 genes 
are differentially expression in 156 liver tissues (74 non-
tumor liver tissues and 82 HCC tissues). 

4.2 Screen the set of target genes 
The GF algorithm is presented to screen feature genes, 
target genes. The 15 target genes are sorted in descending 
order according to the GF values(see table I). If the 
transcribedlocus and the duplication of genes are extracted, 
the set of the target genes can be given by TGS= {HAMP, 
RNAHP, MT1H, MT1G, GPC3, MT1E, MT1L, AQP4, 
VIPR1, DNASE1L3, MT1B}. 

Table 1:Fifteen Target Genes 
 

No. GName CS GIF GF 
41 HAMP 5.28 21.16 111.7 
51 RNAHP 3.78 22.22 83.94 
49 MT1H 3.73 22.48 83.77 
52 MT1G 3.67 21.87 80.17 
50 RNAHP 3.48 22.68 78.89 

47 MT1L 3.41 21.99 74.99 
40 Trans 3.34 21.76 72.61 
42 AQP4 3.43 20.53 70.52 
39 Trans 3.24 21.52 69.76 
12 GPC3 4.19 15.88 66.6 
53 MT1E 3.16 20.81 65.77 
38 Trans 3.08 21.21 65.28 
58 VIPR1 2.96 22.02 65.23 
55 DNASE1L3 2.98 21.03 62.6 
48 MT1B 2.85 21.88 62.39 

No.: the order number; GName: gene name; CS: 
characteristic strength; Red: oncogenes; Green: suppressor 
genes; Trans: Transcribedlocus; Genes with the same 
name are isomers. 
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Figure 3.  The GF of target genes. The HAMP gene has the biggest GF 
values, that impacts the gene is the very important in HCC. And GPC3 is 
the only one oncogen of the target genes. 

4.3 Seek core genes 
On the basis of the 15 target genes, we can construct the 
gene community network (GCN) in order to find the most 
important core genes, which is useful for providing 
treatment strategy.  When the threshold value of the 
correlation is selected as 0.8, one can establish a POS 
network in Figure 4, which describes the correlation of the 
15 target genes.  
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Figure 4.  Strongly related POS network with the threshold value at 
T=0.8. The weights of the edges are correlation coefficients. The tumor 
suppressor genes denoted by blue nodes in the connected graph have 
proved that they are strongly related. 

Setting the threshold value at T=-0.55, one can an updated 
NEG network exhibited by Figure 5. In this case, all the 
genes in the MT family are related to the GPC3, indicating 
a relatively strong inhibition interaction between the GPC3 
and the genes in the MT family. In addition, VIPR1 is the 
only gene within the HAMP family, which has a relatively 
strong inhibition correlation with the GPC3. 

 
Figure 5.  Strong moderate correlated NEG network at T=-0.55, which 
shows a relatively strong inhibition between gene GPC3 and MTs cluster. 

According the analysis above, the fifteen target genes are 
obtained, which can be divided into three clustering sets 
including HAMP Cluster ={ HAMP, Trans, AQP4, 
VIPR1}, MT Cluster ={MT1H, MT1B, MT1G, MT1E, 
MTIL, RNAHP, DNASE1L3} and GPC3 Cluster 
={GPC3}. The core genes of each clusters are then 
derived, that is, HAMP, MTs and GPC3 respectively, 
where MTs is a general name for a group of 
metallothionein genes including MT1H, MT1B, MT1G, 
MT1E, and MTIL. 

5. HCC Treatments 

Before presenting the treatment strategy for HCC, we 
would like to revisit the properties of the core genes such 
as HMAP, MTs, and GP3. 
 
The main purpose of the HAMP gene is to maintain iron 
homeostasis. Specifically, when the iron in the blood 
serum is found insufficient, the iron in liver would be 
released. While the iron in the blood serum is beyond the 
normal level, it is necessary for the regulation of iron 
storage in macrophages, and for intestinal iron 
absorption [20]. Iron overload is associated with HCC in 
people [21]. It is noted that HAMP and AQP4 are extremely 
strongly related. Therefore, AQP4 also plays an important 
role in hepatocellular carcinoma [22]. 

 
Metallothioneins are transcriptionally regulated by both 
heavy metals and glucocorticoids, which are highly related 
to liver cancers [23]. For HCC patients, there is relatively 
higher copper content and significantly lower content of 
zinc, leading to a significantly higher value of Cu–Zn ratio 
in the blood serum [24]. It is also noticed that the MTs and 
RNAHP are extremely strongly related. In addition, 
RNAPH (aliases: DDX42)  has been proven to relate to 
cell apoptosis [25]. 
 
GPC3 gene may regulate the growth and the tumor 
predisposition. GPC3 is highly expressed in fetal but not in 
normal adult liver [26]. GPC3 proteins are distributed 
widely in the tissues of liver cancer, which may be a novel 
tumor marker for liver cancer [27]. 
 
Now we are ready to give a treatment strategy for HCC. 
The relationship between the three core genes, composed 
of GPC3, HAMP and MTs, with iron, copper and zinc in 
the serum of HCC patients can be summarized as follows: 

1) GPC3 may promote cancer cell proliferation and 
irons are need in this process. 

2) HAMP with Low-level expression may provide 
irons. However, the provided irons are not enough for 
cancer cells proliferation. As a result, HAMP is always in 
the low-level expression. 

3) The main component of the ceruloplasmin in the 
liver is copper. The metabolism of iron in the serum can 
not be separated form ceruloplasmin [28].  

4) The metallothionein genes (MTs) with high-level 
expression will prevent coppers from entering into the 
serum. As copper has always been in demand, the 
metallothionein genes (MTs) are in the low-level 
expression in order to release cuppers. 

5) The low-level expression of the metallothionein 
genes (MTs) may have the adverse effects on the 
absorption of zinc. Therefore, the content of zinc in the 
serum will reduce.  
 
On the basis of the above analyses, we propose the 
solution for the HCC treatment is: Supplement Iron and 
Zinc after surgery. 

 

 

 

 

 
Figure 6.  A simple schematic of "Supplement Iron and Zinc after 
surgery". The solid line represents the mutual promotion and the dashed 
line indicates mutual inhibition 
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The mechanism of "Supplement Iron and Zinc after 
surgery" depicted by Figure 13 can be addressed as 
follows: 

i) The gene GPC3 in cancer cell is at high-level 
expression, which promotes cell proliferation in tumours. 
The goal of surgery is to reduce the total content of the 
GPC3 genes.  

ii) The reason of iron supplementation is to increase 
the iron content in the serum, which may active the 
expression of HAMP.  

iii) Zinc deficiency associates with many symptoms of 
liver cancer patients [29]. Therefore, adding zinc can 
activate the expression of MTs, and produce large amounts 
of metallothionein to bond copper ions [30]. It is noted that 
the MTs are highly positive related to HAMP genes. The 
HAMP gene expression will be up-regulated when the MT 
genes are up-regulated so that the iron content in the serum 
may reduce.  

iv) As GPC3 are negatively related to MTs and HAMP, 
the expression level of GPC3 will decline as the increase 
of expression of MTs and HAMP. 
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