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Parkinson disease is the second most common neurodegenerative disorder. Therefore, it is worthwhile 
to search for important molecular markers and pathways that hold great promise for further treatment 
of patients with Parkinson’s disease. DNA-microarray-based technologies allow simultaneous analysis 
of expression of thousands of genes. Here, we performed a comprehensive gene level assessment of 
Parkinson’s disease using 16 colorectal cancer samples and nine normal samples. The results show 
that SLC6A3, SLC18A2, and EN1, etc., are related to Parkinson’s disease. Besides, we further mined the 
underlying molecular mechanism within these different genes. The results indicate that tyrosine 
metabolism pathway and Parkinson's disease pathway were two significant pathways, with hope to 
provide insights into the development of novel therapeutic targets and pathways. 
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INTRODUCTION 
 
Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder in the elderly after 
Alzheimer’s disease (de Lau and Breteler, 2006). PD 
affects more than 5% of the population, with a higher 
prevalence in men. It is characterized clinically by severe 
motor symptoms including resting tremor, rigidity, 
bradykinesia, postural instability, and gait impairment 
(Shulman et al., 2010). Pathologically, disruption of motor 
abilities is due to decreased striatal dopamine levels, 
arising from selective loss of dopaminergic cells within 
the substantia nigra pars compacta, and locus coeruleus 
of the midbrain. In addition, this pathological feature is 
also accompanied by the presence of intracellular 
proteinaceous   inclusions   known   as   Lewy  bodies,  in  
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surviving dopaminergic cells (Tan and Skipper, 2007). 
Despite a well-described clinical and pathological 

phenotype, the molecular mechanisms remain elusive. 
Recently, genetic studies of PD indicated that many 
signal genes mutation are involved in neurodegeneration,  
such as alpha-synuclein (SNCA), leucine-rich repeat 
kinase 2 (LRRK2), parkin (PRKN), PTEN-induced putative 
kinase 1 (PINK1), ubiquitin carboxy-terminal hydrolase L1 
(UCH-L1) and DJ-1 (Vila and Przedborski, 2004). The 
most extensively studied PD-related genes are SNCA 
and LRRK2. Three missense mutations (A53T, A30P and 
E46K) were identified in several families of PD (Farrer, 
2006). Recent results suggest that SNCA dynamically 
modulates neurotransmitter vesicle function. SNCA 
expression in Drosophila melanogaster flies could lead to 
selective loss of dopaminergic neurons, Lewy body-like 
inclusions and a movement disorder (Chen and Feany, 
2005). LRRK2 mutations, especially in G2019S, as a 
cause of PD were reported in  several  kindred,  including  



 
 
 
 
cases with Lewy body pathology, tangle pathology, or like 
the original linkage report, with cell loss in the absence of 
obvious protein deposition (Hardy et al., 2006).  

The technique of cDNA expression array is being 
extensively used to study global changes in gene 
expression in disease, model systems and in response to 
drug treatment (Grünblatt et al., 2001; Spies et al., 2002; 
Beal et al., 2005). A microarray experiment has also been 
designed to analyze genetic expression patterns and 
identify potential genes to target for PD (Anantharam et 
al., 2007). In this study, we used a graph-clustering 
approach to identify gene expression profiles that dis-
tinguish PD patients from normal samples. Furthermore, 
the relevant gene ontology (GO) terms in the network 
were    analyzed   to   explain   potential   mechanisms  in  
response to PD. 
 
 
MATERIALS AND METHODS 
 
Affymetrix microarray data and differentially expressed genes 
(DEGs) analysis 
 
Microarray analysis was performed in 16 PD patients’ samples and 
nine control samples to identify differential genes. The GSE7621 
expression profile was obtained from a public functional genomics 
data repository GEO (http://www.ncbi.nlm.nih.gov/geo/), which are 
based on the Affymetrix Human Genome U133 Plus 2.0 Array.  
 
 
Statistical analysis 
 
For the GSE7621 dataset, the limma method (Smyth, 2004) was 
used to identify DEGs. The original expression datasets from all 
conditions were processed into expression estimates using the 
RMA method with the default settings implemented in bioconductor, 
and then the linear model was constructed. The DEGs only with the 
fold change >2 and p-value <0.05 were selected. For demonstrating 
the potential connection, the Spearman rank correlation (r) was 
used for comparative target genes correlations. The significance 
level was set at r >0.8 and local false discovery rate (fdr) <0.05 
(Strimmer, 2008). All statistical tests were performed with the R 
program (http://www.r-project.org/). 
 
 
Network analysis and graph clustering 
 
To identify co-expressed groups, we used DPClus (Altaf-Ul-Amin et 
al., 2006), a graph clustering algorithm that can extract densely 
connected nodes as a cluster. It is based on density-and periphery 
tracking of clusters. DPClus is freely available from 
http://kanaya.naist.jp/DPClus/. In this study, we used the 
overlapping-mode with the DPClus settings. We set the parameter 
settings of cluster property cp; density values were set to 0.5 
(Fukushima et al., 2011) and minimum cluster size was set to 5. 
 
 
Gene ontology (GO) and pathway enrichment analysis 

 
The gene ontology (Ashburner et al., 2000) project is a major 
bioinformatics initiative with the aim of standardizing the 
representation of gene and gene product attributes across species 
and databases. 

The pathway (Kanehisa, 2002) database records networks of 
molecular interactions in the cells, and variants of them   specific  to 
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particular organisms (http://www.genome.jp/kegg/). The database 
for annotation, visualization and integrated discovery (DAVID) 
(Huang da et al., 2009) was used to identify over-represented GO 
terms in biological process and pathways. The P-value <0.05 is as 
the threshold for the analysis using the hypergeometric distribution.   

 
 
RESULTS 
 

DEGs selection and correlation network construction 
 

We obtained publicly available microarray dataset 
GSE7621 from GEO. After microarray analysis, 1383 
differentially expressed genes (DEGs) with the fold 
change >2 and p-value  < 0.05  were  selected  using  the  
limma method. To get the relationships among DEGs, r > 
0.8 and fdr <0.05 were chosen as the threshold. The 
expression profiles of the 70 DEGs are shown in Figure 
1. 
 
 
Graph clustering identified significant modules  
 
At r ≥0.8, DPClus (Altaf-Ul-Amin et al., 2006) identified 
nine clusters in the correlation network for PD, which 
ranged in size from 5 to 25 genes. Part of the graph 
clustering results is presented in Figure 2. Using the 
DPClus algorithm (threshold r ≥ 0.8), we extracted nine 
clusters in PD (only six clusters were displayed). The 
internal nodes of the clusters are connected by green 
edges; neighboring clusters are connected by red edges. 
The nodes refer to modules. 
 
 
GO and pathway enrichment analysis 
 
To assess the significance of the clusters, we used the 
over-represented GO terms and KEGG pathways in the 
clusters. Enrichment analysis by using the hyper-
geometrical distribution is to find the significant GO terms 
and pathways. Some of GO terms were enriched among 
these genes in the correlation network, including 
MAPKKK cascade, catecholamine biosynthetic process 
and camera-type eye development, etc. (Table 1). More-
over, significant pathways, such as Parkinson's disease 
pathway and tyrosine metabolism were detected as 
shown in the Table 2. 
 
 

DISCUSSION 
 
According to our results, we found that many target 
genes and pathways closely related with PD had been 
linked by our method. Among them were SLC6A3, 
SLC18A2, and EN1 in the correlation network suggesting 
that these genes might play important roles in PD. The 
relationship between PD and identified genes was 
therefore discussed based on previous reports. 

SLC6A3, known as dopamine transporter  (DAT)  gene,
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Figure 1. Expression profile clustering. The x-axis list the DEGs and the y-axis list the microarrays. 

 
 
 

is a strong biological candidate gene for PD, which 
plays a critical role in dopaminergic neurotransmission 
and serves to terminate the synaptic signal by 
transporting dopamine back into the neuron from the 
synaptic cleft after its release (Uhl, 2003). The coding 
region of SLC6A3 is well conserved, but non-coding 
regions are more variable, most notably a variable 
number of tandem repeats (VNTR) polymorphism in the 
3' untranslated region (Kelada et al., 2006). Some study 
indicated that decreased DAT availability may be 
necessary for, but not invariably associated with the 
development of anxiety and depression symptoms in PD 
(Weintraub et al., 2005; Dissanayaka et al., 2009). 
SLC18A2, known as vesicular monoamine transporter 2 
(VMAT2), sequesters cytoplasmic dopamine into synaptic 
vesicles for storage and release. Thus, disruption of 
dopamine storage has been hypothesized to damage the 
dopamine neurons that are lost in PD. VMAT2 mRNA has 
been identified with reduction in platelets from PD 
patients suggesting the existence of a systemic im-
pairment of this transporter (Sala et al., 2010). Further 
study indicated that VMAT2-deficient mice showed 
obvious Parkinson’s symptoms, and display progressive 

neurodegeneration in the substantia nigra, locus co-
eruleus and dorsal raphe (Taylor et al., 2011).  

Engrailed 1 gene (EN1) is homeodomain-containing 
transcription factor necessary for the development and 
maintenance of mesencephalic dopaminergic neurons. 
Deletion in the EN1 has been shown to affect the survival 
of mesencephalic dopaminergic neurons both during 
development and in the adult (Sgado et al., 2008). EN1+/ 
− transgenic mice were suggested to act as a potential 
model for PD because of the pathological and clinical 
resemblance exhibiting progressive mDA neuron loss as 
well as PD-like motor and non-motor behaviors 
(Haubenberger et al., 2011). 

GO terms were further analyzed among these genes in 
the correlation network, including MAPKKK cascade, 
catecholamine biosynthetic process and camera-type eye 
development etc. MAPK cascades are well-defined 
signaling pathways that obey an ordered structure, 
consisting of a MAPKKK upstream of a MAPKK, which is 
in turn upstream of a MAPK. Three major MAPK 
pathways—ERK1/2, p38 MAPK, and JNK— have been 
linked to PD. Post-mortem studies showed ERK1/2, p38 
MAPK and JNK to be activated in PD brains (Ferrer et al.,  
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Figure 2. Graph clustering of correlated modules in PD. Using the DPClus algorithm (threshold r ≥ 0.8), we extracted nine 

clusters in PD (only six clusters were displayed). The internal nodes of the clusters are connected by green edges; 
neighboring clusters are connected by red edges. The nodes refer to modules. 

 
 
 

Table 1. List of enriched GO term in cluster 1 to 9 detected by DPClus. 

 

Cluster Term Count P Value Benjamini 

1 GO:0000165~MAPKKK cascade 4 9.99E - 04 0.182743 

2 GO:0042423~catecholamine biosynthetic process 3 4.67E - 05 0.010305 

3 GO:0043010~camera-type eye development 2 0.023543 0.981731 

4 GO:0009409~response to cold 2 0.007739 0.432847 

5 NA - - - 

6 GO:0008380~RNA splicing 2 0.061672 0.98839 

7 GO:0030182~neuron differentiation 4 1.32E - 04 0.028285 

8 GO:0031175~neuron projection development 2 0.091118 0.999604 

9 NA - - - 
 

NA, No term was detected. 
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Table 2. List of enriched pathways in cluster1 to 9 detected by DPClus. 
 

Cluster Term Count P Value Benjamini 

1 NA - - - 

2 hsa05012:Parkinson's disease 3 0.012153 0.115097 

2 hsa00350:Tyrosine metabolism 2 0.059054 0.262397 

3,4,5 and 6 NA - - - 

7 hsa05012:Parkinson's disease 2 0.073645 0.263608 

8,9 NA - - - 
 

NA, No term was detected. 
 
 
 

2001). ERK1/2 activity is central to cell death elicited by 
dopamine treatment (Liao et al., 2009). Over-expressed 
ERK1, p38a or JNK1 are sufficient to elicit apoptosis in 
dopaminergic neurons. Intriguingly, in all cases, this can 
be rescued by co-transfection of Parkin, encoded by 
PARK2, which is disrupted in recessive forms of early 
onset PD (Ren et al., 2009). MAPK pathways also could 
mediate the effects of pathogenic LRRK2 mutation 
(Berwick et al., 2011). 

Catecholamine (CA) implies DA and its metabolic 
products, noradrenaline (NA) and adrenaline (A). These 
CAs are synthesized from the amino acid L-tyrosine (L -
Tyr) in  a  common  biosynthetic  pathway  that  uses  six  
enzymes. Among them, tyrosine hydroxylase (TH) is the 
rate-limiting enzyme for CA biosynthesis (Flatmark, 
2000). PD is characterized by decreasing neuromelanin 
in the SN. Neuromelanin synthesis results from excess 
cytosolic CAs. Dopaminergic neuron in the midbrain 
could express TH. TH-negative pigmented neurons are 
present in these nuclei of patients with PD. Thus, it is 
likely that TH negativity is a manifestation of a diseased 
cell with decreased functional ability to synthesize 
dopamine (Mori et al., 2006). 

To identify the relevant pathways changed in each 
cluster, we used the hypergeometric distribution 
approach on pathway level. Significance analysis with the 
p-value <0.05, shows that only Parkinson’s disease 
pathway and tyrosine metabolism pathway were as 
significant. Tyrosine metabolism is mainly regulated by 
tyrosinase. Tyrosinase in the brain catalyzes the 
hydroxylation of tyrosine to L-DOPA and the consequent 
oxidation of L-DOPA to form melanin in the melanin 
biosynthetic pathway of peripheral melanocytes, thereby 
preventing slow progressive cell damage by auto-
oxidation of DA, thus maintaining DA levels. Besides, 
tyrosinase also possesses catecholamine-synthesizing 
activity to synthesize DA in the absence of TH as above 
mentioned. These findings imply that tyrosinase may be 
involved in DA synthesis and oxidation, and the 
dysfunction of this activity may contribute to the 
neurodegeneration associated with Parkinson's disease 
(Lücking and Brice, 2000; Asanuma et al., 2003). 

Conclusion 
 
So far, we have used network analysis as a conceptual 
framework to explore the pathobiology of PD based on 
the assumption that PD is a contextual attribute of distinct 
patterns of interactions between multiple genes. The 
salient results of our study include SLC6A3 gene, 
SLC18A2 gene, EN1 gene, tyrosine metabolism pathway, 
MAPK cascades GO terms and catecholamine synthesis 
GO terms, which were all related with PD in direct or 
indirect manner. However, further experiments are still 
indispensable to confirm our conclusion. 
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