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Background

Parkinson’s disease was discovered in 1817 by James Parkinson, 
and continues to be an important disease [1]. PD is the sec-
ond most common neurodegenerative disorder. It occurs in 
the substantia nigra located in the midbrain, and is due to the 
loss of dopaminergic neurons [1].

Many factors have been associated with this disease, and fac-
tors may differ between individuals. The factors that have been 
associated with this disease include combinations of environ-
mental exposure, gene-environmental interactions, and polygen-
ic inheritance [2]. Environmental factors show an association 
with an increased risk of developing PD. For example, agricul-
ture-related exposure may increase a person’s risk due to the 
pesticides used in agricultural work as well as time spent in 
close proximity to pesticide-treated land [3]. Another risk fac-
tor for PD is aging [4]. Epidemiological studies have suggest-
ed that aging is the biggest risk factor in developing PD be-
cause aging also causes some loss of dopaminergic neurons, 
which is exacerbated in PD [4]. More than 1% of the popula-
tion worldwide over the age of 65 years, and approximately 4% 
of the population over 85 years is diagnosed with PD. Younger 
people may also be diagnosed with PD, but this is rare [5].

There are many symptoms that are involved in this disorder, with 
the best known ones being cardinal motor signs such as: rigidity, 
tremor, bradykinesia (slowed movement), and postural instability 
[2]. Recent studies have shown that many patients experience a 
wide range of non-motor symptoms (NMS) such as mood disor-
ders, loss of sense of smell, and constipation [6]. Approximately 
21% of PD patients having non-motor features [6], which oc-
cur due to the continuous loss of dopaminergic cells located in 
the substantia nigra pars compacta [2]. This loss becomes dras-
tic when around 80% of the striatal dopamine and about 50% 
of nigral neurons are lost [7]. The NMS that have been report-
ed in PD patients include depression, autonomic insufficiency, 
olfactory deficits, sleep disturbance, anxiety, and psychosis [2].

There are currently many treatments available for PD pa-
tients, but there is no cure. The most popular treatment for 
PD is levodopa (L-dopa). L-Dopa increases the dopamine lev-
els to make up for the loss of the dopaminergic neurons. This 
treatment is often complicated by adverse effects like dyski-
nesias and motor fluctuations [8]. Other treatments include 
anti-cholinergics, dopamine agonists, amantadine, and deep 
brain stimulation [2]. These treatments may not always work 
for all patients and some of them may eventually lose effec-
tiveness in some patients.

No clear genetic mechanism has been identified for PD; how-
ever, rare causes and familial PD have been described. About 
20% of PD patients report a family history of the disease [9]. 

The first major study that helped connect genetics to PD was 
the analysis of an Italian family throughout many genera-
tions [10]. In this study, the gene SNCA (PARK1) was discov-
ered, demonstrating that there may be an autosomal domi-
nant pattern for some forms of PD [10].

A number of genes have a role in PD, with mutations in about 6 
different genes being recognized as leading to heritable forms 
of the disorder: SNCA, LRRK2, PARK2, DJ1, PINK1, and ATP13A2 
[1,11]. However, these mutations are found in only 5% of in-
dividuals with PD, suggesting that there are other genes that 
promote this disease [12]. A total of 18 genes are known to 
have a link with PD, but their role is not fully understood [13].

For this investigation, we explored the role of 2 in PD: PARK2 
and PINK1 (PARK6). PARK2 is a very large gene with a length 
of about 4kb and is found on the chromosome 6q25.2-q27 
[14]. This gene specifically encodes a protein known as par-
kin, which has the length of 465 amino acids and belongs to 
the “ring between ring fingers” (RBR) family that pertains to 
E3 ubiquitin ligases [15]. PARK2 has also been found to be a 
tumor suppressor gene [14]. Previous studies showed that mu-
tations in this gene cause approximately 50% of autosomal 
recessive juvenile Parkinsonism (ARJP) [1].

PINK1 is a gene that also causes early cases of PD, and was 
first identified in an Italian family on the chromosome 1p35-
p36 [16]. PINK1 stands for (PTEN)-induced putative kinase 1 
and has functions that aid the mitochondria, such as protect-
ing it from damage [17]. This gene contains a mitochondrial 
targeting motif that maintains and helps regulate mitochon-
drial morphology and/or function [18].

With both of these genes playing a role in ARJP, previous studies 
have shown that the proteins for these genes are linked where 
the pathways connect, which is critical in maintaining mitochon-
drial integrity and function [19]. If the mitochondria is damaged 
and not functioning, the 2 proteins will work together to de-
grade the mitochondria. In addition, studies have shown that 
overexpression can compensate for the loss of PINK1 protein 
[19]. However, overexpression of PINK1 does not compensate 
for loss of parkin expression, suggesting that PINK1 has a func-
tion that is upstream in the pathway connected to parkin [19].

The mitochondrial DNA within the substantia nigra has a high-
er mutation rate than in any other region in the brain [19]. 
This increased amount of damage that occurs to the mtDNA 
is closely associated with sporadic Parkinson’s disease, which 
involves multiple changes in nerve cells, causing a consider-
able mitochondrial dysfunction [19].

This study investigated the effect of morphine on expression 
of PARK 2 and PINK 1. It has been suggested that there is a 
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connection between morphine and dopamine. Dopamine, the 
neurotransmitter that is drastically low in Parkinson patients, 
is known to be a precursor of endogenous morphine [20]. 
Morphine and dopamine have an important role in reward pro-
cesses in the brain, especially in drug abuse [21]. Most neurons 
have both opioid and dopamine receptors [21]. With the bio-
logical activities relating to endogenous morphine, and its in-
teractions with dopamine, it has been suggested that the mor-
phine signaling system is commonly dysregulated in PD [20].

It has been suggested that there is a link between low mor-
phine concentrations in PD and the gene expression seen in 
PD. Thus, we examined the effect of morphine on gene ex-
pression of PINK1 and PARK2. These 2 genes were specifi-
cally chosen due to their shared biological pathway. To de-
termine how morphine affects the gene expression on these 
genes, we measured their expression in HTB-11 cells treat-
ed with morphine for 2 hours. Changes in expression were 
assessed using microarray and quantitative PCR (Q-PCR) 
analysis. Microarray technique allows for a broad overview 
of how the genes are expressed due to the morphine treat-
ment, while Q-PCR specifically analyzes the genes individual-
ly for a more quantitatively accurate measurement of expres-
sion. We aimed to determine the significance of morphine in 
Parkinson’s disease by altering the gene expression of 2 im-
portant associated genes.

Material and Methods

Cell culture

HTB-11 cells (ATCC) were grown in vitro in 10% FBS MEM media 
with Pen Strep. (Life Technologies) and were sub-cultured fol-
lowing standard protocol when they achieved 90% confluence.

For microarray analysis, nine wells with a seeding density 
of 0.3×106 of HTB-11 cells in 2 ml of media were each treat-
ed with either 10–7 M morphine sulfate or an equivalent vol-
ume of vehicle (phosphate buffered saline) as a control. The 
cells were placed in an incubator at 37°C and 5% CO2 for 2 h.

For Quantitative PCR (Q-PCR) analysis, HTB-11 cells in 2–6 
welled plates with a seeding density of 0.3×106 were treated 
with either 20 µL of PBS, 10–7 M morphine sulfate, 10–6 M nal-
oxone or pretreated for 10 min with naloxone (10–6 M) prior 
to morphine addition. The cells were then placed in an incu-
bator at 37°C and 5% CO2 for 2h.

RNA isolation

After the 2hr treatment period, the media in the wells was 
aspirated, and RNA was isolated using the RNeasy Kit as per 

manufacturer’s instructions (QIAGEN). The cells were disrupt-
ed using a total of 600 µL of Buffer RLT. The purified RNA was 
eluted using 50 µL of RNase free water and stored at –70°C 
overnight.

The RNA samples for the microarray analysis were checked 
for quality and quantity using a RNA 6000 Nano Chip (Agilent 
Technologies). Samples were loaded into the chip along with 
the gel-Dye mix and RNA 6000 Nano marker following stan-
dard procedures.

The isolated RNA samples for the Q-PCR trials were also 
tested for quality and quantity using a Genequant 2 
spectrophotometer.

cDNA synthesis

The volume of the isolated RNA samples was adjusted to give 
2 µg of RNA in a final volume of 10 µL. The RNA was denatured 
in a 9700 thermocycler (Applied Biosystems) for 5 minutes at 
95°C and the samples were placed on ice for 1 min. The re-
verse transcription reaction contained dNTP’s, 5× Buffer, DTT, 
Random primers, and RNase inhibitor (Invitrogen). The samples 
were placed at room temperature and then 1 µL of Reverse 
Transcriptase was added. Samples were placed into the ther-
mocycler for 1 hour at 40°C and then 10 minutes at 65°C, af-
terwards being stored at –20°C.

Microarray analysis

Four control RNA samples and four morphine treated RNA sam-
ples were prepped for microarray analysis as per the Agilent 
Technologies standard Microarray protocol using the Agilent 
Low Input Linear Amplification kit. To prepare the labeling re-
action the RNA samples was brought up to a final volume 
11.5 µL. A cDNA Master Mix 5× First Strand Buffer, 0.1 M DTT, 
10 mM dNTP mix, MMLV-RT and RNase Out (Agilent Quick Amp 
Kit) was prepared and a volume of 8.5 µL of cDNA Master Mix 
was then added to each of the 8 samples. The Transcription 
Master Mix contained 4× Transcription Buffer, 0.1 M DTT, NTP 
mix, 50% PEG, RNaseOut (Inhibitor), Inorganic pyrophospha-
tase, T7 RNA Polymerase and Cyanine 3-CTP.

Samples containing the amplified cRNA were purified using 
the Qiagen RNeasy standard procedure and kit. The cRNA sam-
ples were brought to a total volume of 100 µL using nuclease-
free water. The RNA was eluted in a volume of 30 µL of RNase-
free water and the purified samples and was placed on ice.

To prepare the hybridization samples, procedures were fol-
lowed as per the Agilent Technologies standard Microarray 
protocol. Procedures followed the steps for a fragmenta-
tion mix for a 4×44K microarray and was prepared with a 
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total volume of 55 µL which contained Cyanine 3-labeled, 
linearly amplified cRNA, 10× Blocking Agent, nuclease-free 
water, and 25× Fragmentation Buffer. To stop the fragmen-
tation reaction, 55 µL of 2× GEx Hybridization Buffer HI-
RPM was added to the 4×44K microarray format. Samples 
were loaded onto the array slides immediately and hybrid-
ized for 18 h at 65°C.

The hybridization samples were then washed following the 
Agilent Technologies standard microarray wash protocol. After 
the wash procedure, the microarray slides were loaded into the 
Agilent DNA microarray scanner 2505C (Agilent Technologies, 
Santa Clara, Ca) with each slide being scanned for 8 minutes.

Quantitative PCR analysis

A primary master mix with a final concentration of 1× contain-
ing 2× universal master mix, 20× detector set (Life Technologies) 
(primer and probe combined) (Thermo Scientific), and Nuclease-
free H2O was used to amplify both the experimental genes 
PARK2 and PINK1 (Table 1), and the house keeping gene 
GAPDH using 3 µL of cDNA in a 96 well reaction plate (Applied 
Biosytems). The 96 well reaction plate was then placed into 
the 7500 Real Time PCR System (Applied Biosystems, Foster 
City, Ca), using cycles of 10 min. at 95°C, 15 s at 95°C and then 
for 1min at 60°C for 40 cycles. The real time PCR detector set 
consisted of a forward primer, reverse primer, and a Taqman 
probe (Life Technologies) which was designed to span an ex-
on-exon boundary. Three trials of Q-PCR, using different cDNA 
samples each time, were run for both genes.

Results

Microarray analysis

In the present study, HTB-11 cells were grown in vitro and treat-
ed with 10–7 M morphine for a 2 hour incubation period. HTB-
11 cell gene expression was analyzed using microarray analy-
sis and showed that the PARK2 gene had a 1.84 fold increase 
in expression, and the PINK1 gene expression decreased by 
0.72 fold (Figure 1). The HTB-11 cells acting as a control for 
both genes had a normalized fold change value of 1.

Quantitative PCR

To validate the results of the microarray analysis, HTB-11 cells 
were then treated with either 10–7 M morphine, 10–6 M naloxone 
or a naloxone/morphine mix. Naloxone was used to verify that 
morphine was changing the expression since it has the function 
of blocking the morphine binding receptor. The PARK2 relative 
gene expressions had a mean value of 1.288 for the morphine 
treatment, which was an increased expression (Table 2, Figure 
2). The naloxone treated cells for the PARK2 gene had a mean 
value, with no expression change, of 0.98. The morphine/nalox-
one mix expressed an averaged relative gene expression value of 
1.339, which was an increase in gene expression (Table 2, Figure 
2). The Q-PCR trials for the gene PINK1 expressed a slight de-
crease with a mean value of 0.767 for the morphine treated HTB-
11 cells (Table 2, Figure 2). For the naloxone treated cells, PINK1 
showed an average relative decreased gene expression of 0.656 
(Table 2, Figure 2). The average gene expression value for the nal-
oxone/morphine mix was calculated to be 0.858 for the three tri-
als, which was a slight decrease in expression. (Table 2, Figure 2)

Gene Q-PCR information

PINK1 Assay ID from Applied Biosytems (Hs00260868_m1). The probe was centered on position 483 of 
the mRNA sequence (GenBank accession number NM_032409).
The PCR product was 104 bp

PARK2 Assay ID was Hs01038325_m1. The probe was centered on position 1221 of the mRNA sequence 
set forth by GenBank accession number NM_004562. The PCR product was 96 bp

Table 1. Experimental gene information for Q-PCR. Information of the two genes PINK1 and PARK2 for the quantitative PCR analysis.

Figure 1. �Microarray analysis of gene expression with 2 
hour morphine treatment. Microarray analysis was 
conducted on HTB-11 cells which had been treated 
with a 10–7 M morphine. The gene expression levels 
of the control (untreated) cells were set at 1 for both 
genes to normalize the data. The expression of the 
genes PARK2 and PINK1 were specifically analyzed 
through the software program GeneSpring to calculate 
the fold changes.
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Discussion

We investigated how a 2 hour morphine treatment on HTB-
11 cells affected the Parkinson’s associated genes PINK1 and 
PARK2. The present study demonstrates that morphine has 
varying effects on the gene expression for the Parkinson’s as-
sociated genes PINK1 and PARK2. All three PCR trials showed 
an up-regulation in PARK2 expression in the morphine treat-
ed HTB-11 cells verifying the microarray data. The HTB-11 
cells treated with the morphine/naloxone mix also showed an 
up-regulation in PARK2 expression, the extent of which sig-
nificantly varied for all three trials. This was not the expect-
ed results for this treatment because naloxone should have 
blocked the morphine from binding to its receptor and there-
fore no change in expression would occur. Accordingly, mor-
phine might be acting via a different mechanism that is not 
influenced by the same receptor.

The Q-PCR results for the gene PINK1 showed that this gene 
was down-regulated 0.8 fold in the presence of morphine 
(Figure 2). This relates to the microarray analysis where the 

gene was also down-regulated due to morphine. Though this 
is the average, we did not find it to be statistically significant.

Previous studies have shown that overexpression of PARKIN can 
compensate for the loss of PINK1 expression [19]. Therefore, 
our results of the PARK2 being up-regulated, and the PINK1 
gene being down-regulated are preliminary and subject to re-
vision because we expect these genes work together in a path-
way where they sense mitochondria that are in distress [19].

Mutations in the PARK2 and PINK1 genes have led to early onset 
cases of Parkinson’s disease [1]. Over 170 different mutations 
have been described for the gene PARK2 and have been known 
to lead to the loss of function for the protein Parkin [22]. PINK1 
has also been known to have mutations which have been found 
to be both homozygous and heterozygous, both leading to reduc-
tion in enzymatic activity [22]. In the present study, morphine has 
shown to affect the expression for both of these genes. Mutations 
have been proven in previous studies to cause early onset of PD, 
but the heterozygous mutations that occur may also have a sig-
nificant factor in the development of later onset PD as well [23].

Gene Function Morphine RQ avg. Naloxone RQ avg. Mo+Nalox RQ avg. 

PARK2 Makes protein, parkin. Parkin plays role in the cell 
machinery that breaks down unneeded proteins by 
tagging damaged and excess proteins with molecules 
called ubiquitin

1.288 0.985 1.339 

PINK1 Makes protein called PTEN (induced putative kinase 1) 
located in the mitochondria. Helps with cellular stress

0.767 0.656 0.858 

Table 2. �Averages of relative gene expression for quantitative PCR. The expression of PARK2 and PINK1 were determined in HTB-11 
cells which were treated with 10–7 M morphine, 10–6 M naloxone, or a morphine/naloxone mix. Three trials of Q-PCR for each 
of the two genes, PARK2 and PINK1 were performed and the averages for each variable were calculated.

Figure 2. �Real time PCR analysis of PARK2 
and PINK1 expression in HTB cells 
Treated with morphine and naloxone. 
HTB-11 cells were treated with 10–7 
M morphine, 10–6 M naloxone, or 
a morphine/naloxone mix, and the 
expression of PINK1 and PARK2 were 
determined using Q-PCR analysis. 
The standard deviation error was 
calculated to show the variations in 
expression for the three trials and the 
controls were set at a value of 1 to 
normalize the data.
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The changes in gene expression that occurred in this study 
due to the morphine treatments can be associated with PD. 
Morphine has been known to be synthesized in animal tis-
sues, and it also has been shown that it is present in the hu-
man immune cells as well [24–26]. The connection between 
PD and morphine is that dopamine, the neurotransmitter that 
is present in very low concentrations in PD patients due to 
the loss of dopaminergic neurons, has been shown to be a 
major precursor of morphine [20]. Dopamine is produced in 
the same pathway from its precursor L-DOPA and it has been 
shown that about 5% of the dopamine made from L-DOPA is 
converted into morphine [24]. This suggests that the path-
ways are linked and morphine levels will increase if dopa-
mine levels increase. By using morphine in this study, we 
were able to verify the connection between morphine and 
expression of PARK2 and PINK1, two genes that have been 
implicated in PD.

Along with this knowledge, it has also been demonstrated that 
human neuroblastoma cells have the ability to synthesize mor-
phine [27]. We chose human neuroblastoma cells for this study 
because they have dopaminergic markers. Since human neu-
roblastoma cells have the ability to synthesize morphine, it is 
possible that these cells are causing the PD associated genes 
to be expressed the way they did. Adding additional morphine 
to these cells as we did in this study would increase the over-
all morphine concentration in the cells.

This study was limited to a short term morphine exposure. 
Increasing the incubation time could give us a better under-
standing of how morphine affects these genes. The use of 
naloxone helped to verify if the changes that were occurring 
were due morphine acting on its receptor. Although we were 
able to verify the connection of morphine and the expression 
of these 2 genes, we determined that this does not mimic the 
behavior in PD because it has been suggested that PD patients 
have low concentrations of morphine.

As previously stated PARK2 is known to be a gene which en-
codes for the protein known as PARKIN and pertains to E3 
ubiquitin ligases [15]. With this knowledge and the results pre-
sented in this study that PARK2 was up-regulated, it is pos-
sible that the removal of damaged proteins is increased due 
to morphine. We are only able to speculate what morphine is 
doing for the PARKIN protein (PARK2). Morphine may be re-
storing normal PARKIN signaling that may be lacking in a pa-
tient with low dopamine and therefore insufficient morphine. 
PARK2 increases were in line what we expect from morphine’s 
ability to enhance the proteasome system [28].

Conclusions

This study demonstrates that morphine affects the expres-
sion of Parkinson’s-associated genes in HTB-11 cells. Our re-
sults help elucidate the gene expression patterns that may 
occur in PD, as well as verifying the connection between mor-
phine and dopamine when they are in the same pathway. To 
further test the gene expressions that occurred, treating dif-
ferent types of cells (e.g., dopaminergic neurons) would be a 
good approach as these neurons are directly associated with 
PD. By using dopaminergic neurons, we may be able to obtain 
a more accurate understanding of how morphine affects the 
expression of PD-associated genes.
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