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Abstract. – BACKGROUND: Osteosarcoma
is a kind of highly malignant primary bone tumor
which most common in the teenage, and holds
strong aggressive, earlier organs metastases
mainly to lung, prone to postoperative recur.
Therefore for osteosarcoma, invasion and trans-
fer mechanism and related factors’ interaction
remains to be a key research subject.

AAIIMM:: We aim to find biological molecules
marker can be used for osteosarcoma diagnosis
through contrast of osteosarcoma sample and
normal tissue samples.

MATERIALS AND METHODS: This analysis
using human osteosarcoma expression profile
data and three lesions normal tissue samples
(liver, kidneys, lymph) expression data and com-
pare them, and find significant specifically ex-
pressed genes, according to their function.

RESULTS: Research shows that the cancer cell
proliferation, invasion, transfer and recurrent
process involve many factors interaction, of
which angiogenesis is the necessary condition
of tumor growth, transfer and the recurrence.

CONCLUSIONS: Now the most important posi-
tive regulatory factor of angiogenesis is VEGF
(vascular endothelial growth factor) and bFGF
(basic fibroblast growth factor). Both of them are
with a wide variety and close relationship of tu-
mor angiogenesis and progress.
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Introduction

Compared with other cancers, the incidence of
osteosarcoma is quite low and it is prone to occur
among youth, commonly pathogenesis from dis-
tal tibia and femoral proximal. It is the most
common seen malignant, high malignant degree,
rapid developing primary bone tumors. Without
formal treatment, six months to a year it would
happen tumor metastasis to the lungs, causing
patients died. 
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Because of the fast growth and proliferation as
well as the metastasis, 80% of the patients had
been diagnosed of tiny lung metastases. Nearly
25 years, the treatment of osteosarcoma had great
development, nearly 80% of the patients can
keep the suffered limb, and the survival rate of
five years has risen from 20% to 55% or 75%1.
But however, still more than half of the survivors
have been dead from metastasis and re-occur-
rence of osteosarcoma.
So far, the exact mechanism of osteosarcoma

pathogenesis is unclear. Many pathogenic fac-
tors, such as chemical factors, radioactive sub-
stances, virus infection, all participate into the
osteosarcoma pathogenesis.
Along with the molecular biology technolo-

gies’ wide application in the study of tumor etiol-
ogy, we hold some knowledge on the develop-
ment of cancer process and the molecule base-
ment of osteosarcoma. Hanahan et al2 believe
that the performance of cancer is based on ten
major changes of fine physiology: sustaining
proliferative signaling, evading growth suppres-
sors, resisting cell death, enabling replicative im-
mortality, inducing angiogenesis, and activating
invasion and metastasis.
This analysis using human osteosarcoma ex-

pression profile data and three lesions normal tis-
sue samples (liver, kidneys, lymph) expression
data and compare them, and find significant
specifically expressed genes, according to their
function of, in the hope that it can be a diagnosis
of osteosarcoma a biometric marker.

Materials and Methods

Expression Profile of
Osteosarcoma Related Genes
Obtain expression data GSE16088 3 from

GEO (Gene Expression Omnibus,
http://www.ncbi.nlm.nih.gov/geo/) database3. The
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ID_REF t-test adj Wilcox adj Exact_test adj LogFC

GJA1 5.46E-14 1.11E-11 5.16E-05 0.000547 4.88E-06 0.027241 1.18444
COL1A2 1.03E-16 6.05E-13 0.000617 0.00138 2.24E-06 0.027241 1.207477
COL5A2 6.25E-16 1.23E-12 0.000617 0.00138 4.47E-06 0.027241 1.248982
COL5A2 2.46E-14 7.02E-12 0.000617 0.00138 4.89E-06 0.027241 1.226827

Table I. List of differentially expressed genes.

annotation, this software combined GO function
database, i.e. it will connect to GO database for
node search when aroused to run. The algorism is
based on super geometry distribution and the re-
sult replied is the module function predicted with
p < 0.05 and number of genes larger than 2. The
selected significant function annotation is termed
as the function of modules. 

Results

Data Preprocess
Because of various problems in original chip

data such as background, probe design and so on,
there are great differences between chip data. So
the normalization of data before analysis is nec-
essary and critical.

Differential Expression Analysis
Using three kinds of statistic examine methods

(t-test, Wilcox rank-sum test and Fisher rigorous
examination), we examined the gene expression
data and performed multiple correlation exami-
nation (Beyer-Harwick-BH method12), and then
selected those genes with p < 0.05, |logFC (FC:
fold change)| > 1 under all the three methods.
Finally, we obtained four probes and put them
into ID converter for gene names, which is list-
ed in Table I and further analysis was per-
formed.

Construction of Network and 
the Statistics of Nodes
The obtained three genes COL1A2 (collagen,

type 1, alpha 2), COL5A2, GJA1 (gap junction
protein alpha 1) as the core, we combined them
with the prediction ability of STRING database
to identify those proteins who can interact with
them and construct the proteins interaction net-
work map (Figure 1). In the map, we contain 103
proteins and 1249 pairs of interaction pairs.
Within which, COL1A2 and 29 proteins have in-
teractions, COL5A2 (collagen, tipe V, alpha 2)
and 38 proteins have interactions, and GJA1 in-

experiment contains 20 samples, of which 14
cases are diagnosed to be osteosarcoma patients
and the other 6 are normal samples for control
(two samples from Liver, kidneys, lymph indi-
vidually).

Preprocess of Original Data
Firstly we used the affymetrix package of R

language to transform the downloaded original
data to expression form, and filled up the gap in
data4, normalized them with Median standardiza-
tion method5.

Analysis of Differential Expressed Genes
Using the three statistic methods from multtest

package6 in R language, t-test, Wilcox test7 and
rigorous examination8, we performed rigorous
expression analysis to case and control group and
applied multiple test correction to P values ob-
tained from each method. And we selected genes
with p < 0.05 and |logFC (FC: fold change)| >1,
and through multiple test and selection, we rec-
ognized differential expressed genes between os-
teosarcoma sick samples and the normal ones.

Construction of Interaction Network
STRING9 can construct interaction network

of known and predicted proteins. The data is
from high throughput genome sequence and ex-
periments, co-expression, published knowledge.
Combining these differential expressed genes,
we used String to construct protein interaction
network.

Network Module Analysis 
Splitting the whole network obtained before,

and to find the function modules with the target
genes included and perform GO (gene ontology)
function annotation to them (Cytoscape and its
pluigns). The threshold of super geometry distri-
bution is 0.05 (as formulation described below).
Cytoscape is a kind of network analysis tool,
with Mcode10 and Bingo11 are its two plugins for
module function analysis and module function
annotation. When performing module function
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Figure 1. Map of interaction network. String intergrate protein information from several databases and can predict target
genes with interactions through sequences of proteins and their space structures.

teracts with 34 proteins. There is some interac-
tion among the proteins which respectively relat-
ed to COL1A2 and COL5A2.
The interaction pairs in the network obtained

are used for module analysis in the next step.

Analysis of Modules in the Network
Interaction network can be divided into many

relatively independent son network, which usual-
ly has the proteins performing similar functions.
This kind of closely relationship is called a func-
tion module. Identification of these modules is
important for understanding the organization of
biosystem structure. So, this analysis applied Cy-
toscape network analysis software to predict the
interaction pairs from String database and carried
out modules analysis13. With MCODE (molecu-
lar complex detection) plugin we unearthed the
modules within which the three target genes lo-
cated10 (Figure 2), and then annotated the module
functions using the plugin Bingo (Table II and
Table III).

The parameters list when classifying module
partitions are illustrated in Table IV. Parameters of
each node in the module are required to be greater
than 2 (degree cutoff = 2), each node in the mod-
ule is scored to be larger than 0.2 (node score cut-
off = 0.2), and the number of the adjacent nodes
must be greater than 2, and this parameter is es-
sentially as same as the first parameter (K-score =
2), and the requirement of the depth is 100, i.e. the
node in division module whose distances to other
nodes are all within 100 will be considered.
From the function annotation of these two

modules, we can see the significant differentially
expressed genes are all related to the signal trans-
duction pathways.

Discussion

For quite some time, the researchers are insist-
ing on the struggle against osteosarcoma, which
is a harmful disease to teenagers. Just as Jeon14
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reported: 25 cases patients who accepted the pri-
mary malignant tumor lesion curettage, hold an
increasing local recurrence rate, and the overall
tumor-free survival rate was 65%. Because of the
local recurrence reduced, the average survival
rate of 5 and 10 years of these patients reduced14.
Bramer et al15 observed the alkaline phosphatase
level of 89 cases adults with osteosarcoma pre-
and post-chemotherapy, and predicted its rela-
tionship with chemotherapy and survival rate. Fi-
nally, they found the results found with poor
prognosis when the alkaline phosphatase more
than two times of the normal level.
Through the function analysis of the network

subsidiary, the function of the modules which
COL1A2 and COL5A2 located in are focused on
integrin-mediated signaling pathway, biological
adhesion (interferon related signal transduction
pathways) biological process; at the same time,
the main function modules GJA1 located in is fo-
cused on the signaling pathway (signal pathway).

These discoveries are matched with the re-
search before. COL1A1, COL1A2, COL3A1 and
COL5A2 gene encoded proteins normally com-
bined into different types of collagen fibers16,17.
These collagen fibers are necessary for the for-
mation of the basic structure of connective tis-
sue18,19. When these genes mutated, it will affect
the normal connective tissue in the body struc-
ture, such as the skin, bones, and present differ-
ent clinical manifestations, such as Ehlers Danlos
syndrome20. Its main characteristics is joint
loose, skin smooth and soft and easy to extend
the spin, wounded, and easily scarred, also asso-
ciated with muscle bones abnormal phenome-
non21. For example, B-myb (myeloblastosis), a
member of the myb gene family, mediates intra-
cellular signals controlling collagen gene expres-
sion in vascular smooth muscle cells (SMCs).
Via interaction with a positively-acting matrix
regulatory factor, B-Myb indirectly repress the
expression of the Col5A2 gene. Also known as

Figure 2. The module analysis using the Mcode. The yellow circle and purple ones represent the interactive genes function
with the differentially expressed genes, and the red diamonds represent the target genes found. The left is the modules
COL1A2 and COL5A2 belong to, and the right is the module GJA1 belongs to.

GO-ID p-value corr p-value GO-ID description

7229 3.44E-15 1.18E-12 Integrin-mediated signaling pathway
48513 4.40E-15 1.18E-12 Organ development
48731 3.26E-12 3.69E-10 System development
22610 3.42E-12 3.69E-10 Biological adhesion

Table II. GO annotation of COL1A2, COL5A2 module.



2808

C. Li, C. Zhan, Y. Chen, Q. Fu, X.D. Zhu, D.W. He, M. Li, Z.W. Wang

proto-oncogene, the mutation of B-Myb will re-
lease the expression of Col5A2 and hence make
the cell matrix construction disordered and in-
duce the abnormity of cells22.
The GJA1 gene encodes Gap junction alpha-1

protein (GJA1), also known as connexin 43
(Cx43). This gene is a member of the connexin
gene family. The encoded protein is a component
of gap junctions, which are composed of arrays
of intercellular channels that provide a route for
the diffusion of low molecular weight materials
from cell to cell23. The encoded protein is the ma-
jor protein of gap junctions in the heart that are
thought to have a crucial role in the synchronized
contraction of the heart and in embryonic devel-
opment24. Mutations in this gene have been asso-
ciated with oculodentodigital dysplasia, heart
malformations, and Hallermann–Streiff syn-
drome25. And the GJA1 gene also be found asso-
ciated with bone growth in zebrafish fins26,
mouse oculodentodigital dysplasia27, mice condi-
tional osteoblast ablation28 and other bone devel-
opment diseases29.

Conclusions

This analysis here is aim at finding biological
molecules marker can be used for osteosarcoma di-
agnosis through contrast of osteosarcoma sample
and normal tissue samples. The selected genes, i.e.
COL (Collagen) and GJA1 are both significantly
up-regulated genes and hence can be used as an
important reference gene when performing os-
teosarcoma diagnosis. And the functions of the
genes are performing through interferon signal
transduction pathway. As for whether can only use
it as a marker gene of osteosarcoma, and what is its
function mechanism, more sample data have to be
studied and it needs more validation.
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