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ABSTRACT

Introduction. Chronic traumatic encephalopathy (CTE) is a progressive neurodegenerative disorder that is 
defined, neuropathologically, by the presence of aggregated hyperphosphorylated tau in the neurons and 
astrocytes of the perivascular area that is located deep in the cerebral sulci. The lesion is associated with 
repetitive brain trauma, from the spectrum of asymptomatic subconcussive head injury to grossly identifiable 
features of concussion. Although the diagnostic neuropathology of CTE is well-characterized, the precise 
mechanism that causes this to occur in CTE is not yet clearly elucidated. The features of hyperphosphorylated 
tau in CTE is quite similar with Alzheimer’s Disease (AD), as is the reduced expression of certain genes that 
are required to dephosphorylate tau, which is the putative culprit in the generation of amyloid aggregates 
and hyperphosphorylated tau.1 In comparison, Parkinson’s Disease (PD) is a neurodegenerative disease that 
is caused by accumulation of misfolded alpha-synuclein (α-syn) that causes the formation of intraneuronal 
Lewy Body aggregates. The pattern of accumulation for α-syn involves the olfactory bulb and the gut with 
progressive involvement of the posterior part of the brain.2 Despite establishing the presence of two different 
intraneuronal inclusions for CTE and PD, contact sports associated with the clinical spectrum of CTE has been 
shown to present with Parkinsonian features along with dementia. Mood disorders has been reported to occur 
in patients with these neurologic conditions. Several studies have documented that patients had a previous 
experience of traumatic brain injury prior to the diagnosis of Bipolar Disorder (BD). A review of electronic 
literature suggested that having an earlier diagnosis of BD increased the likelihood of having a diagnosis of 
PD in the future.3,4

Objectives. This research aimed to compare the over- and underexpressed genes in cases with Parkinson's 
Disease (PD), cases with Bipolar Disorder (BD), and cases with Chronic Traumatic Encephalopathy (CTE) versus 
normal controls. This was done to determine if parallel overexpression in certain genes may indicate the possible 
association at the level of gene expression. Identifying similar RNA sequence establishing gene expression may 
provide an insight to the relationship of the diseases in terms of pathobiological behavior. Determining the 
similar over- or underexpression pattern may provide an insight on the common pathobiologic mechanisms 
that may be the reason for the three disorders being associated by way of pre-morbid or co-morbid condition.

Methodology. Transcripts from the public domain archive of the NCBI SRA were identified for the RNA sequence 
(RNAseq) of interest using the search string “Chronic Traumatic Encephalopathy”, “Bipolar Disorder”, and 
“Parkinson”. Only public domain transcriptome files of post-mortem brain samples labeled as RNAseq data 
extracted thru the Illumina platform that have a paired normal control were selected. A total of ten (10) 
cases for each disorder and thirty (30) normal subjects for control in the NCBI SRA RNAseq database with 
a whole exome sequence file that was available for public domain use was utilized for differential gene 
expression analysis.6,7,8 

Results and Discussion. Among 21,122 identified genes from the RNAseq, the analysis was able to identify 
26 genes exhibiting increased expression of up to >15 log2 fold change among cases with CTE, PD, and 
BD compared with normal controls. In contradistinction, only 6 well-described genes exhibited a decreased 
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expression among cases with CTE and BD 
compared to normal controls. However, there were 
no identified genes that exhibited underexpression 
in cases with PD compared with normal controls. 

The identification of parallel gene overexpression 
among the CTE, BD, and PD groups with respect 
to structural integrity, cellular metabolism, homeo-
stasis, and apoptosis may indicate a common 
pathway that have been initiated as part of 
the response to maintain tissue function or as a 
consequence of the underlying pathobiologic 
mechanism that caused the primary lesion. 
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INTRODUCTION

Chronic traumatic encephalopathy (CTE) is a 
progressive neurodegenerative disorder that is defined, 
neuropathologically, by the presence of aggregated 
hyperphosphorylated tau in the neurons and astrocytes of 
the perivascular area that is located deep in the cerebral 
sulci. The lesion is associated with repetitive brain trauma, 
from the spectrum of asymptomatic subconcussive head 
injury to grossly identifiable features of concussion. 
Although the diagnostic neuropathology of CTE is well-
characterized, the precise mechanism that causes this to 
occur in CTE is not yet clearly elucidated. The features 
of hyperphosphorylated tau in CTE is quite similar with 
Alzheimer’s Disease (AD), as is the reduced expression of 
certain genes that are required to dephosphorylate tau, 
which is the putative culprit in the generation of amyloid 
aggregates and hyperphosphorylated tau.1

In comparison, Parkinson’s Disease (PD) is a 
neurodegenerative disease that is caused by accumulation 
of misfolded alpha-synuclein (α-syn) that causes the 
formation of intraneuronal Lewy Body aggregates. The 
pattern of accumulation for α-syn involves the olfactory 
bulb and the gut with progressive involvement of the 
posterior part of the brain.2

Despite establishing the presence of two different 
intraneuronal inclusions for CTE and PD, contact sports 
associated with the clinical spectrum of CTE has been 
shown to present with Parkinsonian features along with 
dementia. Mood disorders has been reported to occur in 
patients with these neurologic conditions. Several studies 
have documented that patients had a previous experience 
of traumatic brain injury prior to the diagnosis of Bipolar 
Disorder (BD). A review of electronic literature suggested 
that having an earlier diagnosis of BD increased the 
likelihood of having a diagnosis of PD in the future.3,4 
Newer studies in chronic mental illness have shown that 
patients diagnosed with BD exhibited aberrant aggregation 
of Disrupted-In-Schizophrenia 1 (DISC1) in post-mortem 
brain tissue, particularly in the cingulate cortex.5

The association of intraneuronal aggregates with the 
clinical presentation of the lesions, the presence of BD as a 
co-morbid or pre-morbid condition for both CTE and PD 
patients, and the relationship of CTE and PD, may lead 
to a possible association between these three lesions. The 
association may be in terms of increased or decreased gene 

expression of the patients compare to that of the normal 
population that provides an intra- and extracellular milieu 
to develop protein aggregates and manifest with the 
clinical symptoms. 

Objectives

This research aimed to compare the over- and 
underexpressed genes in cases with Parkinson's Disease 
(PD), cases with Bipolar Disorder (BD), and cases with 
Chronic Traumatic Encephalopathy (CTE) versus 
normal controls. This was done to determine if parallel 
overexpression in certain genes may indicate the possible 
association at the level of gene expression. Identifying 
similar RNA sequence establishing gene expression may 
provide an insight to the relationship of the diseases in 
terms of pathobiological behavior. Determining the similar 
over- or underexpression pattern may provide an insight 
on the common pathobiologic mechanisms that may be 
the reason for the three disorders being associated by 
way of pre-morbid or co-morbid condition.

Methodology

Transcripts from the public domain archive of the NCBI 
SRA were identified for the RNA sequence (RNAseq) 
of interest using the search string “Chronic Traumatic 
Encephalopathy”, “Bipolar Disorder”, and “Parkinson’s”. 
Only public domain transcriptome files of post-mortem 
brain samples labeled as RNAseq data extracted thru 
the Illumina platform that have a paired normal control 
were selected. A total of ten (10) cases for each disorder 
and thirty (30) normal subjects for control in the NCBI 
SRA RNAseq database with a whole exome sequence 
file that was available for public domain use was utilized 
for differential gene expression analysis.6-8 Available 
transcriptome of post-mortem brain tissue from cases with 
CTE, cases with PD, cases with BD, and normal controls 
were analyzed separately. Analysis was done using the 
Galaxy platform9 to extract the RNAseq of the identified 
cases from the European Nucleotide Archive (ENA).10 

The RNAseq were compared to the reference Homo 
sapiens (human) genome Genome Reference Consortium 
Human Build 38 (hg38).11 Alignment of the RNAseq to 
the reference genome was done using HISAT2.12

The RNAseq was categorized per disease type with 10 PD, 
10 CTE, 10 BD, and 30 normal subjects that were compiled 
separately to generate a table to compare the counted gene 

In comparison, the underexpressed genes detected in the CTE and BD cases compared to the normal controls 
and the PD cases may indicate the lack of genes that have a role in repressing the mRNA for protein coding.
 
Conclusion. The overexpression of genes responsible for homeostasis, regulation of inflammation, balance 
of apoptosis and anti-apoptosis, and maintenance of structural integrity among the CTE, BD, and PD groups 
indicate that there is an interrelated mechanism that serves converging pathways as part of the response to 
lesional- forming structures in the brain. The goal of studies such as this is to have a better understanding on the 
common pathways that explain the interrelatedness of brain disorders and the putative mechanism for being 
co-morbid and pre-morbid conditions of each other. 

Key words: differential gene expression, RNAseq, Chronic Traumatic Encephalopathy, Bipolar Disorder, 
Parkinson’s Disease
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expression per identified gene.13,14 Calculation of the log2 
fold change of all the identified genes for normalization 
were done to determine which genes were overexpressed 
or underexpressed with doubling of the original value 
equal to a log2 fold change of 1 was done using R under 
RStudio with the assigned FDR adjusted p-value <0.05.15,16 

Comparison between the genes of patient groups with CTE, 
PD, and BD, with the cut off of overexpression assigned 
as ≥15 log2 fold change across all patient categories, 
versus ≤0 log2 fold change expression at FDR adjusted 
p-value <0.05 in normal controls identified the presence 
of overexpressed genes that significantly differed from 
normal controls. Comparison for gene underexpression in 
CTE, PD, and BD with normal controls with a difference 
of 1 log2 fold change at FDR adjusted p-value <0.05 was 
also done. Calculation for statistically significant difference 
between the transcriptome of normal subjects versus CT, 
PD, and BD were done using Mann-Whitney U with a 
p-value of <0.01. 

Results and Discussion 

Among 21,122 identified genes from the RNAseq, the 
analysis was able to identify 26 genes exhibiting increased 
expression of up to >15 log2 fold change among cases with 
CTE, PD, and BD compared with normal controls. The 
genes have been observed to have an observable functional 
association based on worldwide gene co-expression 
database (Figure 1. Observed Co-expression of the Genes 
in Homo sapiens). It must be noted that, although not all 
genes have an outright direct connection in terms of their 
cellular processes, the network of overexpressed genes 
have a significantly greater interaction than expected 
(Figure 2. Network Interaction of the Genes in Homo 
sapiens). In contradistinction, only 6 well-described genes 
exhibited a decreased expression among cases with CTE 
and BD compared to normal controls. However, there 
were no identified genes that exhibited underexpression 
in cases with PD compared with normal controls.17

Figure 1. Co-expression predicts functional association: In the triangle matrix above, the intensity of color indicates the level of 
confidence that two proteins are functionally associated, given the overall expression data in the organism. Generated using STRING 
v11. https:/string-db.org/
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CLU, or clusterin, has been described to encode for a 
protein that functions as a chaperone which is secreted 
in the cytosol under some stress conditions. Involvement 
has been described in processes such as cell death, tumor 
progression, and neurodegenerative disorders.23

HSP90AA1, or heat shock protein 90 alpha family class 
A member 1, has a product that consists of an inducible 
molecular chaperone that aids in proper protein-folding 
by use of an ATPase activity.24

Genes involved in neuronal development and growth 
regulation have also been identified in the overexpressed 
category, such as MTURN, NDRG2, GLUL, PLP1, RNR1/ 
NR4A2, MBP, and EEF1A1.

MTURN, which stands for maturin, and known as 
neural progenitor differentiation regulator homolog, 
has been known to represses NF-kappa-B transcriptional 
activity and has been documented in early neuronal 
development.25

Among the genes with increased expression, FAM107A, 
or family with sequence similarity 107 member A, showed 
the most documented association with BD since high 
expression has been found in the dorsolateral prefrontal 
cortex of patients with BD and schizophrenia.18 The 
protein encoded by this gene has been responsible or the 
modulation of actin filamentous (F-actin) dynamics that 
contributes to synaptic and cognitive function at the level 
of the hippocampus.19

FTH1, or ferritin heavy chain 1, also has an increased 
expression, and this gene codes for the component of 
Ferritin protein. Ferritin functions as storage of iron 
in a soluble and nontoxic state. Previous studies have 
described an increase in Ferritin reactivity in the brains 
of PD patients.20

As for the regulation of apoptosis and structural integrity, 
RNR2 has been noted to have an anti-apoptotic function,21 
while GAPDH has been reported in previous studies as 
an apoptosis initiator.22 

Figure 2. Each node (three-dimensional circle) represents the protein produced by a single, protein-coding gene locus identified in the 
study. The colored nodes indicate the query proteins which are products of the overexpressed genes. The filled nodes indicate that 
some of the protein structures are known or predicted. The connecting bars connote interactions that may be from predicted gene 
neighborhood, fusion, co-occurence, co-expression, protein homology or textmining. Generated using STRING v11. https:/string-db.org/
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aggregation by stabilization and assist in protein folding in 
the cytosol and organelles.41 

IL10, or interleukin 10, was characterized as encoding 
a cytokine that down-regulates Th1 cytokine and MHC 
class II antigen expression, while enhancing B cell 
survival, proliferation, and antibody production. It has 
been described to block NF-kappa B activity and has a 
co-stimulatory function on macrophages.42 

MYBL2, or MYB proto-oncogene like 2, has been shown 
to encode for a protein with an activator function for G2/M 
phase proteins such as Cyclin B1, CDK1, and Cyclin A2.43

All of the overexpressed and underexpressed genes 
observed in the CTE and BD cases had a significantly 
increased and decreased expression, respectively, in 
comparison with the normal subjects (p <0.01). In 
contrast, only the overexpressed genes in PD have shown 
a significant difference with normal controls (p <0.01), 
and the genes that showed an increase in expression in 
the normal controls, as compared with the CTE and BD 
cases with a log2 fold change of 0, were also increased 
in the cases with PD. 

The identification of parallel gene overexpression among 
the CTE, BD, and PD groups with respect to structural 
integrity, cellular metabolism, homeostasis, and apoptosis 
may indicate a common pathway that have been initiated 
as part of the response to maintain tissue function or as a 
consequence of the underlying pathobiologic mechanism 
that caused the primary lesion. 

The presence of FAM107A among all the groups may 
imply the presence of related pathways among CTE, BD, 
and PD that have an impact to the regulation of synaptic 
function that are responsible for learning and long-term 
memory. This may also have a role on the other cognitive 
function that have a connection to the hippocampus. 

On the other hand, the increased expression of the ferritin 
heavy chain 1 gene among the three groups may indicate 
the attempt of the brain to optimize neuroprotection and 
prevent oxidative damage since the presence of free iron 
may contribute to the increase in reactive oxygen species 
thru redox reactions and lead to the increased burden 
of cellular oxidative stress that may cause cell death.44 

The presence of genes that are associated with 
mitochondrial function with respect to aerobic metabolism 
may indicate an increase in the general metabolic activity 
of the brain as a response to cellular injury and an attempt 
to facilitate repair. This is likewise seen in the context of an 
increased COX1/ PTGS1 and COX2 expression, which may 
be interpreted as a response to an inflammatory process 
and the need to increase the metabolic output to generate 
energy for the maintenance or restoration of homeostasis. 

The similarities in structural integrity dysfunction that 
may be interpreted as a response to inflammation can 
be illustrated by the increase in MBP expression and 
such increase may indicate a response to a pathologic 
process that threatens the relative impermeability of the 
blood-brain barrier. The remaining genes such as CLU, 

NDRG2, from the NDRG family, was another 
overexpressed protein that was identified with neuronal 
growth involvement since the protein encoded by this 
gene is a cytoplasmic protein that may play a role in 
neurite outgrowth.26 

GLUL, or glutamate-ammonia ligase, codes for a 
protein that has a role in ammonia and glutamate 
detoxification, acid-base homeostasis, cell signaling, and 
cell proliferation.27

PLP1, or proteolipid protein 1, encodes for a protein 
that has a function in ammonia and glutamate 
detoxification, acid-base homeostasis, cell signaling, and 
cell proliferation.28 

RNR1/ NR4A2, or ribosomal 1/ nuclear receptor subfamily 
4, group A, member 2, has been described as a regulator 
of insulin sensitivity and metabolic homeostasis.29 

MBP, or myelin basic protein has been documented to 
play a role in regulating blood-brain barrier function since 
antibodies specific to MBP have been shown to increase 
blood-brain barrier permeability.30 

EEF1A1, or eukaryotic translation elongation factor 1 
alpha 1, is a subunit of a protein that has been described to 
enzymatically deliver aminoacyl tRNAs to the ribosome.31 

In terms of cellular metabolism, three functioned as part 
of cytochrome c oxidase components (COX1/ PTGS1, 
COX2, COX3). However, it has been shown that the 
key enzyme produced by COX1/ PTGS1 play a role 
in neuroinflammatory processes and COX2 has been 
responsible for mediating neuroprotection;32 while an 
increase in COX3 has been shown to increase astrocytic 
aerobic metabolism.33 Several other genes involved in 
oxidative phosphorylation and carbon handling have also 
been observed such as cytochrome c reductase complex 
(CYTB),34 part of the mitochondrial membrane ATP 
synthase (ATP6, ATP8),35 part of the NADH dehydrogenase 
(ND1, ND2, ND3, ND4, ND4L, ND5, ND6),36 and part 
of the glycolytic pathway (GAPDH).37 

On the other hand, the underexpressed genes detected 
in the CTE and BD cases compared with normal controls 
included MIR3960, MIR149, UTF1, HSPA1A, IL10, 
and MYBL2. There is no distinct significant interaction 
between the group of genes compared with what can 
be seen in the normal population.

MIR3960 and MIR149 (microRNA 3960 and microRNA 
149) have been known to be incorporated into RNA-
induced silencing complex (RISC) and functioned as 
a translational inhibitor or destabilizer of the target 
mRNA.38,39 

UTF1, or undifferentiated embryonic cell transcription 
factor, although mostly reported in pluripotent cells, 
was described as encoding a transcriptional repressor 
protein.40

HSPA1A, or heat shock protein family A (Hsp70) member 
1A, has been noted to prevent existing proteins from 
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histopathologic features and the gene expression profile. 
Although the impact of the research may be limited by the 
number of post-mortem brain samples, the analysis may 
provide an initial point of evaluation for further studies 
in comparative analysis. The goal of studies such as this is 
to have a better understanding on the common pathways 
that explain the interrelatedness of brain disorders and the 
putative mechanism for being co-morbid and pre-morbid 
conditions of each other. Furthermore, the study posits the 
challenge that attenuating the pre-morbid mechanisms 
that trigger the cascade of neuroinflammatory response 
may provide a means to delay the neural lesions that are 
accumulated in the late stages of the disorders. 
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