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Introduction
Cancer affects people at all ages with the hazard for most types 

increasing with age. The proportion of deaths from cancer is expected 
to rise worldwide [1]. In order to comprehend the biology of cancer 
it’s necessary to dig out the genes which serves as oncogenes. Gene 
expression analysis is the most gifted field in mining the diseased 
genes as it provides both the experimental as well as in silico means 
for screening cancer related genes. Glycoprotein M6A is expressed in 
neuronal membrane proteins as well as in non-neuronal, but is found 
to be mainly expressed in neuronal membranes as a stress responsive 
gene. Stress has an important effect on thyroid autoimmunity. Stress 
targets endocrine glands including thyroid and lessen the immunity in 
the body which causes many thyroid diseases [2]. 

Brain is the key region that response to the environmental stress 
induced in the body. The neuronal glycoprotein M6A is present in 
the hippocampus region of the brain by showing its presence by the 
projection of membrane filopodia. M6A encodes protein which has an 
important role in synapse and filopodia formation [3]. Stress incites 
many structural changes in neuronal network predominantly in the 
hippocampal region. In the hippocampal formation the several genes 
are involved including CDC like Kinase-1 and certain G-proteins and 
the glycoprotein M6A which shows down regulation behavior. Its 
expression diminishes in chronic stress [4]. 

The receptor endocytosis function of glycoprotein M6A involves 
opioid receptors which belongs to the family of G-protein coupled 
receptors (GPCR) and modulates various mechanisms including 
stress, mood, appetite and immune responses [5]. It has been noticed 
that an opiate drug binds to the opioid receptors and stimulates the 
adaptive changes like tolerance, dependence and addiction. Opiates are 
considered as the finest drug in treating the stress and chronic pain. The 
cellular level study specifies that repetitive exposure of these receptors 
with the drug accelerates the phosphorylation of intracellular domains, 
which in turn leads to the receptor desensitization and internalization 
of receptors. This signaling mechanism of opioid receptors is regulated 
by membrane proteins including glycoprotein M6A [6]. These 
endogenous opioids stifle the cell proliferation. 

Papillary thyroid carcinoma (PTC) is foremost type of thyroid 
cancer, as more than 80% of cancers diagnosed are of papillary type 
[7]. It is a very well differentiated carcinoma and MAPK activation has 

been associated with PTC. Along with that the RET, NTRK mutation 
and the point mutations of RAS and BRAF are also linked with it. 
BRAF V600E mutation has been found as the most frequent cause of 
PTC [8-10].

Gene expression analysis has known as a tool in mining diseased 
gene patterns with more ease. In this study major focus is to utilize the 
bioinformatics approaches to screen more cancer insights for papillary 
thyroid carcinoma. The Microarray technology has become known as 
a most promising tool to evaluate the gene patterns. The analysis of 
these hidden patterns can lead towards enhanced understanding of 
functional genomics [11-13]. Previously all research made was pure 
experimental, in order to make the gene expression analysis a bit easier 
for the researchers, in silico methodology is designed in this study.

Materials and Methods
The in-silico methodology comprises of two steps, first step involves 

the microarray analysis and second step involves the verification tools. 
The difference of two fold among the two phenotypes is considered as 
remarkable.

Microarray analysis

For the microarray analysis two datasets GDS1732 and GDS1665 
are downloaded from Gene expression omnibus (GEO). The first data 
set contains the expression profiling of 7 classical papillary thyroid 
carcinoma (PTC) tissue samples and 7 paired normal thyroid tissue 
samples (normal group) while the second data set holds classical 
papillary thyroid carcinoma (PTC) tumors from 9 patients and 9 
control samples [14]. On these datasets Multi Experiment viewer 
software is utilized [15,16].

Statistical tests: These datasets are passed through advanced data 
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Abstract
Thyroid cancer is one of the major cancers around the world. In this study the whole thyroid genome is systematically 

scanned in order to hit those molecular targets which are highly associated with thyroid cancer. To achieve this goal 
bioinformatics methodologies are combined. These include the high throughput microarray analysis combined with 
Serial analysis of gene expression. The results obtained revealed Glycoprotein M6A (GPM6A) as a novel associated 
gene marker. It belongs to the glycoprotein’s family which plays a major role in cell migration and also known as the 
major contributors in tumor formation. Moreover the biological pathway of GPM6A is not yet been defined. In this study 
by assessing the whole biological mechanism the pathway is also inferred .This new drug target will help the biologists 
in finding the early diagnosis and better treatment for the thyroid cancer patients.
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Figure 1: Volcano plot: P-Value versus mean difference between the two phenotypes. GPM6A is plotted as negative significant gene (a) GDS1732 (b) 
GDS1665. Red color shows positive significant gene, Green color shows negative significant gene.
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Figure 2: Graph obtained from Significance Analysis of Microarrays. GPM6A as down regulated: negative significant gene (a) GDS1732 (b) GDS1665. Red 
color shows positive significant gene, Green color shows negative significant gene.

mining approaches which include statistical analysis and the clustering 
means. The statistical parameters involve T-test and Significance 
analysis of microarrays (SAM) .The t-test involves the p-value statistics 

while SAM involves the fold change criteria. These tests divide the 
gene into two groups significant and non significant. The graphical 
representation of t test is volcano plot while for the SAM is SAM graph. 
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The volcano plot is a scatter plot which illustrates the differences of 
mean expression level and log10 p-value, which in turn provides a 
rapid identification of the changes in huge datasets. In addition SAM 
divides the genes of the whole datasets into significant group which 
includes positive significant genes if the mean expression level will be 
higher in cancer group and negative significant if mean expression level 
will be higher in normal group. The threshold value for the significant 
genes is less than 0.005 (p<0.005) and fold change should be greater 
than two fold.

Clustering parameters: Those genes which pass the statistical tests 
are further employed to the clustering parameters. Three algorithms 
namely Hierarchical, k-Means Methods and Self organizing tree 
algorithm (SOTA) are employed. The worth of the clustering techniques 
depends on the solidity of the results. 

Verification tools

After that for the verification purpose SAGE analysis which verifies 
the results by computing tags per million counts and the GENT 
database are utilized. The two datasets U133 plus2 and U133A available 
at http://medicalgenome.kribb.re.kr/GENT [17] are used. GENT is a 
web open database. It contains the datasets profiled by Affymetrix 
Gene Chip U133A or U133plus2. These datasets were collected from 
public sources. The numbers of tissue samples in both the datasets for 
cancer phenotype are 106 in total, while for normal thyroid tissue the 
sample numbers are 50.

Results
Microarray analysis

The whole thyroid genome scanning revealed many diseased genes, 
out of which GPM6A was found as a novel contributor. 

Statistical tests: Through the statistical parameters t-test and SAM 
respective p-value and fold change against GPM6A has been found 
and listed in table 1. The graphical representation of t-test: volcano plot 
and SAM: SAM graph are shown in figures 1 and 2. The graphs plot 
GPM6A as a down regulator. 

Clustering parameters: All of the three clustering means 
unravel the presence of GPM6A as novel contributor of PTC and a 
negative significant gene as it shown down regulation behavior clearly 
highlighted in figures 3, 4, 5 and 6. The difference of expression level 
between the two phenotypes is greater than two fold which is quite 
significant. The difference is considered significant only if both of the 
datasets validates each other’s results.

Verification tools

Furthermore with the SAGE analysis the TPM counts were 
analyzed which verified the microarray results (Table 2). In addition 
to that the datasets of GENT also authenticates the results. As in figure 
5 and 6 the lower peaks in cancer state or the higher peak in normal 
phenotype verified the above results. Along with that the biological 
signaling pathway of GPM6A was also predicted in this study shown 
in figure 7.
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Figure 4: K-Means Clustering diagrams of the two datasets (a) GDS1732 (b) 
GDS1665. Red color indicates the highly expressed genes, Green color shows 
down regulating genes in the datasets.
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Figure 5: Self Organizing Tree Algorithm diagrams of the two datasets (a) 
GDS1732 (b) GDS1665. Red color indicates the highly expressed genes, Green 
color shows down regulating genes in the datasets
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Figure 3: Hierarchical Clustering diagrams of the two datasets (a) GDS1732 (b) 
GDS1665. Red color indicates the highly expressed genes, Green color shows 
down regulating genes in the datasets.

Discussion

Thyroid cancer accounts as one of the major cancers around the 
world. It is burgeoning as a main health load for the society; its diverse 
behavior is serving as a continuous mystery for the researchers. There is 
a requirement of proficient strategies for the early diagnosis and better 

Ref_ID Gene 
Name Description P-value Fold Change 

209470_s_at GPM6A Glycoprotein M6A  0.001*** 0.003*** >2 fold

Table 1: Respective P-values in GDS1732 and GDS1665 datasets.
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treatment. In the past few years a lot of effort has been made in order to 
solve this secrecy but still there is a need of more work.

With the help of this methodology a novel associated member 
GPM6A is predicted. From the microarray analysis which first includes 
the statistical analysis, both the parameters illustrated it as a significant 
gene. P-value obtained 0.001 and 0.003 is quite significant affirmed this 
gene as a negative regulator. Likewise SAM plots GPM6A as a negative 
significant gene. Each illustrated cluster stated the down regulating 
expression of GPM6A. Additionally SAGE and the microarray datasets 
of GENT and Array express also confirmed this result.

The entire scanning of thyroid genome revealed some other major 
contributors like HGD (Homogentisate 1,2- dioxygenase), SLC4A4 
(Solute carrier family 4,sodium bicarbonate co transporter member 
4), CDH16 (cadherin 16). These are found to be down regulated in 
papillary thyroid cancer as reported [17-19].

Glycoprotein M6A shows homology with the proteolipid 
protein family (PLP) restricted to the axonal membranes. The M6A 
glycoprotein was involved in various biological processes which 

include neuronal remodeling, Ca ions transportation and trafficking 
of mu-opoid receptors and it also plays a major role in G-protein 
coupled receptors endocytosis and intracellular trafficking [20] . M6A 
shows neuronal and non-neuronal type of expressions. Neuronal M6A 
is expressed by neurons located in the central nervous system while 
limited non-neuronal expression is seized to the apical membranes 
of epithelial cells from early developmental stage. Further, the stress 
induced changes in the structure of M6A is the hot issue [21]. As the 
M6A is localized in plasma membrane, this makes M6A significant in 
the filopodia formation and Src and MAPK kinases contributes in M6A 
signal propagation [22].

As it is known that cell migration is important for tissue repair and 
regeneration, immune surveillance and embryonic morphogenesis; 
unusual cell movement will lead to many diseases including cancer 
progression. Cell movement is a process which is instigated by the 
projection of cell membrane formed by filopodia which depends on 
the structure and function [23]. Filopodia formation is vital for many 
cellular processes which most notably include development, immunity, 
angiogenesis, wound healing and metastasis [24]. Cell migration is also 
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Figure 6: The difference of expression level shows the down expression of GPM6A in U133Plus 2 and U133A.
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an important stair in tumor development and progression. Cancer 
cells travel within the tissues by their own motility which in turn 
has no control in the cell movement causing the tumor to form. As 
glycoprotein M6A involved in filopodia formation, that further assists 
in cell migration [25]. 

It has been found that GPM6A has already been reported with 
colorectal and Breast cancer [26,27]. Its expression behavior is down 
regulating in cold thyroid nodules (CTNs) as reported [28]. GPM6A 
is not yet found with thyroid cancer. This study shows that GPM6A is 
involved in papillary thyroid cancer as down expressed gene.

Moreover the biological pathway of GPM6A is not yet been defined. 
In this study by assessing the whole biological mechanism the pathway is 
inferred. GPM6A binds with two more proteins CDC like kinase-1 and 
G-protein in the hippocampus region of the brain. GPM6A responds 
to stress conditions which effect either directly or indirectly on the 
immune system involving endocrine or nervous system. The GPM6A 
is involved in filopodia formation in cell which has an important role in 
cell migration. As stress induced, the GPM6A shows down regulation 
expression, that in turn has effect on the filopodia formation and finally 
on the cell migration. This all leads to cell proliferation (Figure 7). 
Additionally the opioid drugs acts as treatment for stress, they binds 
with the receptors present on the membrane, this signaling cascade is 
modulated by GPM6A. The obstruction in opoid receptors will lead to 
tumor progression.

In this study the datasets were not only downloaded from one 
source, they were utilized from two different sources one is GEO and 
other is GENT to make the data larger in amount which further helps 
in verification of the results. Furthermore the clustering parameters 
chosen works best for gene expression datasets. The use of more 
than one clustering method in gene expression analysis facilitates in 
providing the best and confident way out. 

The worth of the clustering techniques depends on the constancy of 
the results. This designed in silico scheme can provide the best possible 
ways to observe the gene expression analysis; it provides the list of steps 
to be taken in order to analyze the gene expression in the premium 
mode.

New challenges occur when dealing with multifaceted biological 

pathways. This predicted marker will help in unveiling the molecular 
events of tumorigenesis. Additional explorations are required to 
provide mechanistic insights of theis predicted gene in thyroid cancer 
by probing large datasets as well as by performing their in vitro and in 
vivo analysis.
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