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Abstract

Background: Astrocytomas (sub-group of gliomas) are central neuron system malignant diseases, which are originated from as-
trocytes. There are several documents about molecular mechanism of astrocytomas and many related genes are introduced. Here,
gene expression profile alteration for grade III relative to grade II of astrocytoma is analyzed via protein-protein interaction (PPI)
network to screen and introduce critical differentially expressed genes (DEGs).
Methods: The significant DEGs were extracted from gene expression omnibus (GEO) database and included in a PPI network by
Cytoscape software. The common significant DEGs and central nodes of the network were selected and enriched by ClueGO to find
related biological terms.
Results: Twenty critical genes including zinc finger protein 765 (ZNF765), zinc finger protein 540 (ZNF540), Zeste white 10 (ZW10)
ZW10 interacting kinetochore protein (ZWINT), collagen type XVIII alpha 1 chain (COL18A1), protamine 2 (RRM2), kinesin family mem-
ber 23 (KIF23), minichromosome maintenance 10 (MCM10), anaphase promoting complex subunit 7 (ANAPC7), NADPH oxidase acti-
vator 1 (NOXA1), ryanodine receptor 2 (RYR2), myozenin 3 (MYOZ3), myosin binding protein C (MYBPC2), fast type, keratin 17 (KRT17),
zinc phosphodiesterase ELAC protein 2 (ELAC2), Abelson helper integration site 1 (AHI1), latent transforming growth factor beta
binding protein 1 (LTBP1), kaptin (actin binding protein) (KPTN), BEN domain containing 3 (BEND3), cysteine and histidine rich 1
(CYHR1), and hyaluronoglucosaminidase 2 (HYAL2) were identified. Eight class of biological terms related to the critical genes were
determined and discussed.
Conclusions: A wide range of the introduced significant genes indicates that there are several possible therapeutic ways to chal-
lenge astrocytoma.
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1. Background

As central neuron system (CNS) cancers, astrocytomas
are considered as common glial tumors (1). Grade II (dif-
fused astrocytoma) of this disease is characterized by slow
developing tumoŗ considerable cell differentiation, and
affinity to malignancy evolution (2). An investigation in-
dicates that grade II astrocytoma frequently is diagnosed
in 35-year-old patients (range of 20 - 45) (3). Anaplastic
astrocytoma (grade III) is more malignant glioma than
grade II (4). One year and 5 years survival for anaplastic
astrocytoma patients is estimated at 75% and 25%, respec-
tively (5). Low-grade gliomas (grade II gliomas) in adults
include 3 groups as astrocytomas, oligodendrogliomas,
and oligo-astrocytomas. Differences between the intro-
duced groups are arisen from cellular origination of them.
The low-grade disease tends to convert into higher grades
(grades III and IV) (6). As it is reported, mutation fre-

quency in astrocytoma grade III for isocitrate dehydroge-
nase 1 (IDH1), alpha-thalassemia/mental retardation syn-
drome, nondeletion type, X-linked (ATRX), and Tumor pro-
tein 53(TP53) genes are as 75%, 63%, and 82%, respectively
(7). Details of up-regulation of ribosomal proteins S2, 8, S18,
and L37A and down-regulation of apolipoprotein D (APOD),
Sortilin-related receptor, L(DLR class) A (SORL1), SPARC (Os-
teonectin), Cwcv and Kazal like domains proteoglycan 2
(SPOCK2), protease, serine, 11 (PRSS11), DNA-binding pro-
tein inhibitor ID-3 (ID3) genes in the higher grades of as-
rtrocytoma are reported by MacDonald et al. (8). Kunkle
et al. investigation displayed that deregulation of colla-
gen type IV A1(COL4A1), epidermal growth factor receptor
(EGFR), basic transcription factor 3(BTF3), MAGUK p55 sub-
family member 2 (MPP2), RAS oncogene GTPases 31 (RAB31),
cyclin-dependent kinase 4 (CDK4), cluster of differentia-
tion 99 (CD99), annexin A2 (ANXA2), DNA topoisomerase
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II alpha (TOP2A), and SERPINE1 mRNA binding protein 1
(SERBP1) genes is related to the high grade of astrocytoma.
They showed that except MPP2, the other genes were up-
regulated (9). Recently, the screening of numerous genes
to find restricted numbers of the critical genes, which are
involved in diseases via PPI network analysis, has attracted
the attention of researchers (10-12). Since the progression
of lower grades of astrocytoma to higher grades is accom-
panied by difficulty of treatment and reduction of survival
rate, here DEGs between grades II and III astrocytoma are
investigated via PPI network analysis. The critical genes
and related biological terms will determine to introduce
therapeutic and diagnostic possible biomarkers.

2. Methods

Array gene expression profiles were used
from series GSE54004 of GPL18281 platform
(www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE54004).
Six grade II astrocytoma patients including 3 males and
3 females and 21 grade III astrocytoma patients including
8 males and 13 females ranged 20 to 50 years old were
included in the research.

This platform is recorded by “gene expression data
from malignant gliomas” title in GEO database. As it is
reported, the samples were formalin-fixed and paraffin-
embedded. The profiles were matched by box plot exami-
nation via GEO2R analysis and the top 250 significant DEGs
were determined. The unknown DEGs were excluded and P
value less than 0.05 and fold change (FC) above 2 were con-
sidered. The screened DEGs were included to construct PPI
network via Cytoscape version 3.6.0 (13). The network was
constructed via public database query of Cytoscape and an-
alyzed by “network analyzer”, which is an application of Cy-
toscape. The top nodes based on degree value above mean
± standard deviation (SD) were identified as hub-genes
(14). The common hubs and significant DEGs were marked
as critical genes, which distinct grades II and III of astro-
cytoma. The critical genes were enriched via gene ontol-
ogy (GO) analysis by CluGO plugin of Cytoscape software
(15). The related significant (P < 0.05) biological processes,
molecular function, cellular component, and biochemical
pathways were determined from all databases, which were
connected to ClueGO.

3. Results

Comparing grades II and III astrocytoma patient sam-
ples, box plot is shown in Figure 1. Based on the mid-
lines, the samples are matched statistically and can be
compared. Forty-five significant DEGs were included in the

PPI network. The created network was comprised of 4 489
nodes (45 query genes plus 4 444 related neighbors). Fit-
ted power law of degree distribution (Figure 2) was char-
acterized by y = axb equation that a, b, R-squared, and cor-
relation were 85.147, -0.985, 0.637, and 0.898, respectively.
The R-squared is calculated based on logarithmized values.
This mode of correlation consists to the scale-free networks
(16). There are limited numbers of nodes in scale-free net-
works, which are central nodes. PPI networks are usually
scale-free network; therefore, few nodes among numerous
nodes are distinguishable. The numbers of 50 nodes were
determined as hubs of the network. There were 20 com-
mon hub-nodes and significant DEGs that were identified
as critical genes. Degree and logarithm of FC of the critical
genes are illustrated in Table 1. The significant (P < 0.05)
GO enriched properties of the 20 critical genes, which are
classified in the 8 groups, are shown in Figure 3.

4. Discussion

Since the conversion of low grades to higher grades
is accompanied by a reduction of patient’s survival rate,

Table 1. Degree Value and Log FC of Common 20 Hubs and Significant DEGsa

R Gene Name Degree Log FC

1 ZNF765 415 1.285

2 ZNF540 401 -1.168

3 ZWINT 197 1.073

4 COL18A1 132 -1.137

5 RRM2 128 1.106

6 KIF23 94 1.059

7 MCM10 87 1.161

8 ANAPC7 76 1.021

9 NOXA1 68 -1.354

10 RYR2 68 -1.026

11 MYOZ3 67 -1.113

12 MYBPC2 63 -1.345

13 KRT17 59 -1.076

14 ELAC2 51 1.074

15 AHI1 45 -1.246

16 LTBP1 45 1.038

17 KPTN 39 -1.034

18 BEND3 36 1.141

19 CYHR1 32 1.026

20 HYAL2 28 1.054

aThe genes are sorted by degree value.
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Figure 1. Box plot presentation of gene expression profiles of 6 (3 males and 3 females) grade II and 21 (8 males and 13 females) grade III astrocytoma patients is illustrated.
The patients were aged 20 to 50 years old. Formalin-fixed and paraffin-embedded samples were used.
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Figure 2. Degree distribution curve of PPI network of grade III astrocytoma versus grade II is represented. The fitted power law is red colored.

a better understanding of molecular features of this tran-
sition is an important process. In this regard, PPI net-
work analysis is a suitable method to highlight the crit-
ical and effective genes related to conversion of grade II
to III of astrocytoma. As depicted in the Figure 1, the pa-

tient’s gene expression profiles of the two groups (grades
II and III) are comparable. Among numerous DEGs, only
45 genes were significantly investigable. PPI network anal-
ysis showed without considering the neighbors and rele-
vant genes, the 45 DEGs cannot construct a network (the

Int J Cancer Manag. 2018; 11(11):e83201. 3

http://intjcancermanag.com


Rezaei-Tavirani M and Rezaei Tavirani S

Figure 3. Eight significant (P < 0.05) biological term including classified biological processes, molecular function, cellular component, and biochemical pathways related to
the 20 critical genes of astrocytoma grade III versus grade II are shown.

data was not shown). To screen the DEGs, the related genes
were found among various databases. As it is shown in the
Figure 2, the constructed network by adding 4,444 genes
is a scale-free network. Investigations indicate that central
nodes in the scale-free networks are important reagents to
onset and development of diseases (17). Fifty hubs were
identified for grade II to grade III transition.

Considering two important futures including physico-
chemical properties and the expression level of the 45 sig-
nificant DEGs and 50 hubs led to select 20 common hub
nodes and significant DEGs (Table 1). So, the determined
20 critical genes that are involved in transition process
of the both grades are as follow: Zinc finger protein 765,
zinc finger protein 540, Zeste white 10 (ZW10) ZW10 in-
teracting kinetochore protein, collagen type XVIII alpha 1
chain, protamine 2, kinesin family member 23, minichro-
mosome maintenance 10, anaphase promoting complex
subunit 7, NADPH oxidase activator 1, ryanodine receptor
2, myozenin 3, myosin binding protein C, fast type, ker-
atin 17, zinc phosphodiesterase ELAC protein 2, Abelson
helper integration site 1, latent transforming growth fac-
tor beta binding protein 1, kaptin (actin binding protein),
BEN domain containing 3, cysteine, histidine rich 1, and
hyaluronoglucosaminidase 2. For better understanding
the biological role and also importance of the top 15 crit-
ical genes based on degree value is investigated in the lit-
erature sources and briefly is discussed.

Zinc finger proteins (ZNFs) are a family of various pro-
teins, who are characterized by different cellular function.

ZNFs can bind to DNA and proteins by various domains (18).
The role of ZWINT in mitotic process in cell proliferation is
reported and discussed. Deregulation of this gene in can-
cer cells is investigated and confirmed (19). The prominent
role of ZNFs in cancer progression is highlighted by sev-
eral researches (20). Myozenin 3 and myosin binding pro-
tein C belong to skeletal muscle cells and also intracellu-
lar complexes, which are responsible for contractile pro-
cess (21). Collagen Type XVIII is a component of extracellu-
lar matrix in liver that its level in fibrotic damage, cirrho-
sis, and cancer is altered (22). Investigation has shown that
human collagen type I α1 gene acts as growth suppressor
in the glioma cells (23). Therefore, down-regulation of col-
lagen type 1 in grade III astrocytoma relative to grade II (Ta-
ble 1) can be interpreted based on absence or decrease of a
growth suppressor reagent in the grade III astrocytoma pa-
tients versus grade IIs. The role of PRM2 and PRM1 in sperm
production is investigated and confirmed (24). Investiga-
tion has shown over-expression of KIF23 and KIF11 in malig-
nant pleural mesothelioma (MPM) as well as human MPM
cell line (25). The presence of KRT17 in oral squamous cell
carcinoma is confirmed via immunohistochemistry and
cDNA array methods (26). NADH oxidase is introduced as
an essential member of oxygen-derived radicals, which is
related to the vascular walls (27). MCM10, the other criti-
cal gene, is involved in DNA unwinding. This protein, to-
gether with several elements as capillary morphogenesis
gene (CMG) complex, administrates its biological role (28).
The role of ELAC2 gene together with TGFβ/Smad-induced
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transcriptional response in prostate cancer promotion is
investigated (29). RyR2 plays a critical role to couple of
excitation-contraction in cardiomyocytes (30). One of the
critical genes is AHI1, which is related to retinitis pigmen-
tosa disease (31). ANAPC7 is complicated in mitotic progres-
sion in eukaryotes (32).

As it was discussed, most of the critical genes are in-
volved in the regulation of DNA duplication and cell pro-
liferation processes. Muscular compartment also was the
highlighted cellular component related to the hub-DEGs.

Based on the results of gene ontology analysis, which is
illustrated in the Figure 3, 8 classes of biological terms re-
lated to the 20 critical genes are identified. The main class
is positive regulation of polarized epithelial cell differen-
tiation. This finding consists of the discussed documents
as references 10 to 22. Finally, it seems that as like as the
other kinds of cancers, the regulation of cell proliferation
and DNA duplication are the key points of grade II to grade
III conversion of astrocytoma.

4.1. Conclusions

Introducing 20 critical genes as a biomarker panel was
related to conversion of grade II to grade III of astrocy-
toma includes; first a challenge of numerous proposed
biomarker candidate, which implies more screening to
achieve a few numbers of biomarkers, and second the nu-
merous proposed reagents can be useful to experience ef-
fective therapeutic and diagnostic procedures. The intro-
duced crucial genes are potentially biomarkers of transi-
tional phase from grade II to III.
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