Int J Pharma Bio Sci 2017 October; 8(4): (B) 49-56
Original Research Article

Neurobiology

International Journal of Pharma and Bio Sciences

ISSN
0975-6299

PARKINSON’S DISEASE GENES EXPRESSION STUDY BY QPCR IN
NITROSATIVE STRESS INDUCED PC12 CELL LINE
ANUSHREE1, ARAVIND P2, GIRISHA SHRINGALA THIMAPPA1 AND
DEVARAJU KURAMKOTE SHIVANNA1,2*
1

Department of Microbiology and Biotechnology, Bangalore University, Bangalore, India,
2
Department of Biochemistry, Karnatak University, Dharwad, India.

ABSTRACT
Nitrosative stress leads to Parkinson’s disease through mitochondrial dysregulation.
Although
Parkinson’s disease is caused by several genes such as Parkin, DJ-1, PINK1, ATP13A2, PLA2G6,
FBXO7, SNCA, LRRK2, VPS35 and GBA but there is a need for the investigation of sensitivity and
expression of Parkinson’s disease genes upon nitrosative stress. Hence the current study focused on
Parkinson’s disease gene expression in PC12 cells upon nitrosative stress. The nitrosative stress was
carried out by rotenone, SIN1 and peroxynitrite and the expression pattern of genes were studied using
real time PCR. PTEN-Induced putative kinase 1 (PINK1), Leucine-rich repeat kinase 2 (LRRK2) and
Vacuolar Protein Sorting-associated protein 35 (VPS35) genes were analysed by real time PCR. Our
findings demonstrate that under nitrosative stress the expression of VPS35 is up regulated by 1.35 fold
when treated with lower concentration of peroxynitrite (250 µM); however under higher concentration it is
down regulated :10 fold with 1mM peroxynitrite, 16.7 fold with 0.5 µM and 2.5 µM rotenone, 8.3 fold and
7.6 fold with 50 µM and 250 µM SIN1. The PINK1 found to be down regulated: 50 fold with 250 µM
peroxynitrite, 20 fold with 1mM peroxynitrite, 14.3 fold with 0.5 µM rotenone, 16.7 fold with 2.5 µM
rotenone, 11.1 fold with 50 µM SIN1 and 10 fold with 250 µM SIN1 under all concentrations; surprisingly
LRRK2 gene did not show any kind of expression during PCR optimisation itself. In conclusion PINK1
appears to be most sensitive compare to VPS35 as it is down regulated with lower concentration of
peroxynitrite.
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enzyme in the biosynthesis of dopamine, leading to
inhibition of enzyme activity and consequent failure in
the synthesis of dopamine which leads to loss of
dopaminergic neuron which is hallmark of PD
15
pathogenesis. Rotenone has also been reported to
cause detrimental effect on dopaminergic neurons in
vitro and play significant role in disease onset and
16-18
progression of PD.
For the present study rotenone
is been used to induce the nitrosative stress in PC12
neuronal cell line. SIN1 produces nitric oxide (NO) and
.superoxide anion (O2 ) which results in the formation of
- 19
peroxynitrite (ONOO ). Higher level of peroxynitrite is
20
reported in patient with PD.
There are various
evidences which show ONOO and SIN1 involved in the
20-23
pathogenesis of PD.
In spite of understanding the PD
in various models, the understanding of the PD genes
sensitivity caused by nitrosative stress is less studied
with PC12 cells. Thus, there is a need to investigate the
expression of PD genes in PC12 cells. Therefore three
genes PINK1, LRRK2, VPS35 are quantified for their
expression levels by inducing PC12 cells with SIN1,
rotenone and peroxynitrite by real time PCR

INTRODUCTION
Neurotoxicity caused by free radicals generated due to
overproduction of reactive oxygen and nitrogen species
leads to neuronal death and involved in the
pathogenesis of various neurodegenerative disorders
1
including Parkinson’s disease (PD). PD is second most
vulnerable neurodegenerative disorder after Alzheimer
2
disease. PD is a characterised by resting tremor,
bradykinesia, muscular rigidity, postural instability,
freezing, dysfunction of the autonomic nervous system,
micrographia, depression and movement disorder etc.
The key symptoms of disease appear after the
significant loss of dopaminergic neurons in the
3-4
substantia nigra pars compacta.
More than 1% in
those over 60 years suffers from PD and the frequency
of the disease in general population is about 0.3%.
Parkinson’s disease is more prevalent in males than in
5-6
By 2027, the incidence of Parkinson’s
females.
7
disease is expected to be double around the world. But
till date, there is no definite therapy for the disease as
the molecular mechanism involved in the pathogenesis
of disease need to be understood more clearly. PD is
1
sporadic in nature ; but mutation in numerous genes
and loci associated with PD susceptibility have been
8-9
identified. Second most common cause for the early
onset of PD is due to the mutation in PINK1, which is
autosomal recessive in nature. PINK1 phosphorylate
ubiquitin and activate Parkin gene which leads to
enhanced Parkin-mediated elimination of damaged
mitochondria (mitophagy). Thus, mutations in PINK1
may result in dysregulation of mitochondrial
10
homeostasis leading to neurodegeneration. LRRK2
gene is found to play a role in the pathogenesis of both
familial and sporadic PD but till date, the physiological
and pathological functions of LRRK2 are not clearly
11
defined. VPS35 is a subunit of the retromer complex
responsible for autosomal dominant form of PD.
According to Wang and team, VPS35 involve in
mitochondrial fission, dysregulation of which is likely
involved in the pathogenesis of familial and possibly
12
sporadic PD. Other then PINK1, LRRK2 and VPS35,
proteins encoded by genes associated with PD,
including α-synuclein, PARKIN and DJ-1, are mostly
localized to mitochondria and involved in the regulation
of mitochondrial dynamics in the same or parallel
pathways.
Therefore, an altered
balance
in
mitochondrial fission and fusion is likely a common
mechanism leading to impaired mitochondrial quality
control and mitochondrial dysfunction critical to PD
12-13
pathogenesis.
Nitrosative stress due to reactive
nitrogen species (RNS) is widely implicated in various
neurodegenerative diseases including Parkinson's
1
disease. Peroxynitrite, one of the well known reactive
nitrogen species, formation has been implicated in
Parkinson’s disease and other neurodegenerative
diseases. Once formed in the diseased brain,
peroxynitrite may exert its toxic effects through multiple
mechanisms, including lipid peroxidation, mitochondrial
damage, protein nitration and oxidation, depletion of
antioxidant reserves (especially glutathione), activation
or inhibition of various signalling pathways, and DNA
damage followed by the activation of the nuclear
14
enzyme PARP. Peroxynitrite may also induce nitration
of tyrosine hydroxylase, the initial and rate-limiting

MATERIAL AND METHODS
PC12 cells were purchased from ATCC (#CRL
TM
−1721 ). Poly-L-lysine, 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) from SRL and
dimethyl sulfoxide (DMSO) were purchased from Merck
India Pvt. Ltd. F12 Ham’s media, horse serum and fetal
bovine serum (FBS) were purchased from Gibco. BSA
from Sigma. TRIzol Reagent from Life technologies,
SuperScript® VILO™ cDNA Synthesis Kit, Platinum®
PCR SuperMix High Fidelity Kit, EXPRESS SYBR®
GreenER™ qPCR SuperMixes were purchased from
Invitrogen. DNA primers were purchased from Shrimpex
Biotech Service private Limited, India.
Cell culture maintenance
PC12 cells were procured from ATCC and then they
were washed with PBS for three times to remove the
cell debris and suspended in growth medium on cell
culture dish. Cells were resuspended in growth medium
which consist of F12 Ham’s media, 15% heat inactivated
fetal calf serum and 100 units/ml penicillin G, and
100μg/ml streptomycin on a collagen coated culture
dish. Cells were grown as a monolayer in 150 mm tissue
culture plates, at 37°C in a humidified atmosphere of 5%
CO2 incubator.
Assessment of cell viability by MTT Assay
Cell viability was assessed using MTT assay. Cells were
taken for the experiment when they reached 70-80%
confluence. Approximately 50,000 cells / well were
seeded in a 96 well plate and were incubated for 24 Hr
o
at 37 C with 5 % CO2. Different concentrations ranging
from 0-2000µM, 50-1000 µM, 0-10 µM of peroxynitrite,
SIN1 and rotenone were added to the test samples. F12
Ham’s media without FBS was added and then it was
incubated for 24 Hr. After incubation 100 µl/well (50 µg
/well) of the MTT (5 mg/10ml of MTT in 1X PBS) were
added to the test samples and were incubated for 3 Hr.
The culture medium was removed and 0.1 ml DMSO
was added to each well to dissolve the formazan
product. Reduced MTT was measured using microplate
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reader (Tecan SpectraFluor Plus) at a wavelength of
570 nm.

distilled water. The diluted RT-generated DNA (2 μl)
was amplified using EXPRESS SYBR® GreenER™
qPCR SuperMixes (Invitrogen™). Glyceraldehyde 3phosphate dehydrogenase (GAPDH) was used as
internal control. Real-time PCR was run at 95°C for 10
mins, the experimental reaction consisted of 40 cycles
of 95°C for 15 sec and 58°C for 15 sec. Fluorescent
reading from real time PCR (ABI-7900HT) were
quantitatively analysed by determining the Ct (cycle
threshold) difference i.e. delta Ct between treated and
control. The mRNA expression level was determined by
calculating delta Ct.

Treatment with Nitrating Agents
6
1.5x10 PC12 cells were seeded in a T-25 flask
containing 6 ml of F12 complete media. After 24 Hr,
cells were serum deprived for 4Hr. Further the deprived
cells were treated with peroxynitrite (250 µM and 1 mM),
SIN1 (50 µM and 250 µM) and rotenone (0.5 µM and 2.5
µM) without FBS and further processed for RNA
isolation and RT-PCR analysis.
RNA Isolation and Real Time PCR
Real-time PCR analysis was conducted to determine the
expression of LRRK2, PINK1 and VPS35 gene in PC12
cells induced with nitrosative stress. Cells are treated
with selected concentration which was determined by
dose-response curves in terms of cell viability. The total
RNA was extracted using TRIZOL reagent according to
the manufacturer's instructions. cDNA synthesis was
performed using SuperScript® VILO™ cDNA Synthesis
Kit. For cDNA synthesis, reaction was performed on ice
by mixing 2 μg RNA to 5X VILO reaction mix (random
primers, MgCl2, dNTPs) and enzyme reaction mixture
(SuperScript™ III RT, RNaseOUT™ Recombinant
Ribonuclease Inhibitor, and a proprietary helper protein).
The reaction volume was 20 μl and cDNA synthesis was
o
performed at 42 C for 60 min, followed by reverse
o
transcriptase inactivation at 85 C for 5 min. Amplified
products
were
analyzed
using
agarose
gel
electrophoresis to check their specificity. Primers were
designed based on known cDNA sequences. The
LRRK2
primer:
ATGATGACAGCACAGCTAGGA
(forward)
and
AAACGGTCAAGCAAGATTGTA
(reverse);
PINK1
primer:
TACCAGTGCACCAGGAGAAG (forward) and GCTTGG
GACCTCTCTTGGAT (reverse); and the VPS35 primer:
GTTTTGACTGGCATATTGGAGCA
(forward)
and
TCTGGTGTAACTCAGCACAGG (reverse). Thereafter,
the RT-generated DNA was diluted to 40 μl volume with

STATISTICAL ANALYSIS
All data were presented as the mean ± standard error of
the mean (SEM) derived from three experiments (n=3).
Statistical analysis was done by using graph pad prism
version 7. Comparison was made between the groups
by one-way analysis of variance (ANOVA) followed by
Tukey's multiple comparison with control. Statistical
significance is expressed as P Value (P ≤ 0.001).
Graphs were plotted using graph pad prism version 7.

RESULT
MTT Assay
MTT assay for all the three drugs are summarized in
Fig. I. A concentration dependent decrease in
percentage of cell viability in PC12 cells were observed
in case of peroxynitrite, rotenone and SIN1 treatment
compared to control. Peroxynitrite treatment did not
show any significant inhibition of PC12 cells till 1000 µM
but there was a significant decrease in cell viability at
2000 µM only. Rotenone and SIN-1 treatment showed
significant dose-dependent inhibition. The IC50 values
found to be 1.437 and 252.6µM for rotenone and SIN1
respectively.

(a)
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(b)

(c)
Figure I
Cell viability assay with different stress inducers: Peroxynitrite (a), Rotenone (b) and SIN 1 (c) with different
concentration by MTT assay. The values are presented as percentage cell viability.
The data are the mean ± SE of three experiments (n=3).
Ct value of VPS35 with 250 µM peroxynitrite (Fig. II). So
the expression of PINK1 and VPS35 genes in different
treatment conditions were comparable to each other but
was lower as compared to control. This was validated by
calculating the relative fold in gene expression for both
the genes with all the inducers with different
concentration. Relative gene expression of VPS35 and
26
PINK1 were determined by comparative Ct method.
Results showed that under oxidative or nitrosative
stress, the expression of PINK1 gene down regulated
(Fig. III a). It may be because of PINK1 gene might have
mutate guanine residue when treated with SIN1,
rotenone and peroxynitrite in vitro. The expression of
VPS35 gene was also down regulated with the
treatment compared to but with 250 µM peroxynitrite, up
regulated by 1.35 fold (Fig. III b).

Real time PCR
PCR was optimized and LRRK2 expression was not
found in the optimized PCR conditions (needs further
optimization). The Ct values obtained for individual
genes in treated group were compared statistically with
that of control (untreated groups). Ct values for PINK1,
VPS35 and GAPDH is graphically presented in Fig. II
and tabulated in Table I. As expected no significant
difference in the GAPDH expression levels in control
and treated groups. The Ct levels of PINK1 and VPS35
were observed in treatment groups compared to control.
The Ct value decrease linearly with increasing targeted
24-25
gene.
Ct value for both PINK1 and VPS35 is high as
compared to control, which means expression of the
genes must be downregulated compared to control.
There is not much difference, when Ct value for PINK1
and VPS35 was compared with each other, except for
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Figure II
Gene expression profile in control and treated cells. Control (1); 250 µM peroxynitrite (2);
1mM peroxynitrite (3); Rotenone 0.5 µM (4); rotenone 2.5 µM
(5); SIN1 50 µM (6); SIN1 250 µM (7)
Table I
Ct value for two Parkinson’s disease genes (PINK1 and VPS35) with one
internal control (GAPDH) in different treatment conditions.
Treatment
Control
Peroxynitrite 250µM
Peroxynitrite 1mM
Rotenone 0.5µM
Rotenone 2.5µM
SIN1 50µM
SIN1 250µM

GAPDH
20.41
19.29
20.75
20.14
20.06
20.59
20.1

PINK1
29.83
34.29
34.68
33.52
33.58
34.05
33.09

VPS35
27.33
25.77
31.05
31.27
31.14
30.63
29.94

(a)
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(b)
Figure III
(a)Relative expression of PINK1 (a) and VPS35 (b) compared to control PC12 cells.
Relative expression was calculated from Ct value. Expression of both the PD
genes was downregulated except for VPS35 with peroxynitrite 250 µM, expression
was upregulated by 1.35 fold. Data are expressed as mean ±SD. (n=3). *p< 0.0001
Table II
Mean and standard deviation of PINK1 and VPS35 is
provided in tabulated form. *p< 0.0001
Treatment
Control
Peroxynitrite 250µM
Peroxynitrite 1mm
Rotenone 0.5 µM
Rotenone 2.5 µM
SIN1 50 µM
SIN1 250 µM

Mean
1
0.02
0.05
0.07
0.06
0.09
0.1

PINK1
Standard Deviation
0
0.01
0.02
0.01
0.01
0.06
0.05

Mean
1
1.35
0.1
0.06
0.06
0.12
0.13

VPS35
Standard Deviation
0
0.02
0.01
0.02
0.01
0.005
0.005

and as the concentration of peroxynitrite increases the
27
DNA damage products also increases. 500 µM SIN1
can cause more than 50% cell death. Higher
concentration of peroxynitrite was required to see the
effective cell death because the half life of peroxynitrite
is very short (~1s). So to enter the cell and cause its
effect higher concentration (~2mM) of peroxynitrite is
28
required. In experiment, the PCR optimization were
done with three genes (PINK1, LRRK2 and VPS35) with
one internal control GAPDH, but later narrowed it down
to two genes as the results of PCR showed that the
PINK1 and VPS35 genes are expressed during PCR
optimization leaving behind LRRK2. PCR data was
further validated by real time PCR. For the present
investigation genes expression are presented as relative
24
gene expression via. fold change. The fold change
−ΔΔCt 29
was calculated using the formula 2
. Two genes
with direct or indirect involvement in the pathogenesis of
Parkinson’s disease were analyzed. Significantly
(P<0.0001) elevated Ct levels of PINK1 and VPS35

DISCUSSION
In the present investigation, RT-PCR was used for gene
profiling of two selected PD genes (VPS35 and PINK1)
in PC12 cell lines by treating it with rotenone, SIN1 and
peroxynitrite. Cytotoxicity studies such as MTT assay
was done and results show the dose dependent
decrease in percentage cell viability with different
concentration of peroxynitrite, rotenone and SIN1. In PD
pathogenesis, the detrimental effects of rotenone are
reported for its ability to cross blood brain barrier (BBB)
which leads to dysfunction of Complex I of the
mitochondrial electron transport chain which ultimately
24-25
leads to neuronal cell death via oxidative stress.
2.5
µM of rotenone induces cell death more than 50%.
SIN1 is a potent peroxynitrite ion generator and induces
oxidative and nitrosative stress. Peroxynitrite nitrates
guanine residues on DNA and causes DNA damage.
Guanine is the major site for peroxynitrite treated DNA
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was used to induce mutation in VPS35 and hence the
expression was down regulated but in case of PINK1
lower concentration of peroxynitrite is enough to cause
mutation and hence the expression of PINK1
downregulated and mutations in PINK1 may result in
deregulation of mitochondrial homeostasis leads to
8
neurodegeneration.

were observed in treatment groups compared to
untreated cells. Higher is the Ct value lower is the
targeted gene. Ct value for both PINK1 and VPS35 is
high as compared to control, which means expression of
the genes are being downregulated. The expression of
PINK1 and VPS35 genes in different treatment
conditions are comparable to each other but was lower
as compared to control. This was validated by
calculating relative gene expression of VPS35 and
11
PINK1 by comparative Ct method. Relative gene
expression shows that, the expression of genes (PINK1
and VPS35) down regulated compared to control except
the expression of VPS35 with 250 µM peroxynitrite is
upregulated by 1.35 fold (Fig. III a, b) PINK1 and VPS35
genes are compared, when treated with rotenone (0.5
µM and 2.5 µM) there was nominal difference in gene
expression i.e. 14.3 fold PINK1 and 16.7 fold VPS35
gene downregulated with 0.5 µM of rotenone and with
2.5 µM rotenone both the genes were downregulated by
16.7 fold. When expressions of PINK1 and VPS35
genes were studied with SIN1 (50 µM and 250 µM)
again not much difference in downregulation of both the
genes i.e. PINK1 and VPS35 genes were
downregulated by 11.1fold and 8.3 fold with 50 µM SIN1
and 10 fold and 7.6 fold with 250 µM of SIN1
respectively. But, this study shows remarkable
difference when these two genes were studied with
peroxynitrite. There was big difference in expression
pattern of two genes when treated with 250 µM of
peroxynitrite. VPS35 gene got upregulated by 1.35 fold
with 250 µM of peroxynitrite but PINK1 gene expression
got downregulated by 50 fold. The expression of PINK1
gene was downregulated by double as compared to
VPS35 gene when treated with 1 mM of peroxynitrite.
The expression of PINK1 downregulation may be
because of peroxynitrite, SIN1 and rotenone. In case of
VPS35 lower concentration (250 μM) of peroxynitrite
was not sufficient to induce mutation in VPS35 gene.
Therefore, higher concentration (1mM) of peroxynitrite

CONCLUSION
Among the studied PD genes (VPS35, LRRK2, PINK1),
PINK1 appears to be most sensitive towards
peroxynitrite compare to VPS35, as VPS35 expression
down regulated only at higher concentration. The results
of these testing fully corroborated with earlier
investigations conducted by Olszewska et al. 2014 and
Wang et al. 2016; that these genes are involved in the
pathogenesis of Parkinson’s disease due to oxidative or
nitrosative stress. Therefore, our results provide
groundwork for PINK1 sensitivity towards peroxynitrite,
upon which future studies can be designed and pursued
and further research on LRRK2 would give more
insights into this study.
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