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Abstract

The aim of the study is to investigate the role of ATP-binding cassette subfamily B member 7 (ABCB7) in correlation with
the progression of Parkinson’s disease. Initially, the neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) was
used to develop a mouse model of mild and severe forms of Parkinson’s disease. Histology, immunohistology, and Western
blotting were used to investigate the role of ABCB7 in disease progression. Mice injected with MPTP, at doses of 18 and
30 mg/kg for 10 and 15 consecutive days, respectively, developed mild and severe forms of Parkinson’s disease, respec-
tively. Motor dysfunction is accessed through pole test in which, mild and severe forms of Parkinson’s disease developed
mice takes 1.7 and 3.3 times more time to reach the floor than the control mice. Similarly, in rotarod test, the progression
of Parkinson’s disease is evident with the progressive loss of motor stability. Histologically, the progression of Parkinson’s
disease is evident with formation of cell aggregates in mild form; with the formation of more Lewy body structure and
tissue hardening in a severe form of Parkinson’s disease. Immunohistochemistry showed gradual upregulation of ABCB7
in the cellular cytoplasm in mild stage Parkinson’s disease, while significant overexpression of ABCB7 was observed in
the severe forms. Western blotting results confirmed 1.6- and 2.9-fold overexpression of ABCB7 in mild and severe forms
of Parkinson’s disease, respectively. Collectively, the results showed that ABCB7 was present during Parkinson’s disease
progression. However, upregulation of ABCB7 increased the cytoplasm level of the iron—sulfur complex, which negatively
regulated the iron-dependent protein and can be used to determine the progression of Parkinson’s disease.
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Introduction

Parkinson’s disease is a neurodegenerative disease that
affects memory function, and is characterized by bradykin-
esia, tremor, rigidity, and postural instability (Zhang et al.
2016). Patients also experience sleep disorders, sensory dis-
turbances, and autonomic dysfunction (Zhang et al. 2016).
Depletion of dopamine, as well as reduction of dopamine
receptors in the cortex and medial temporal lobe, is the pri-
mary causes of Parkinson’s disease (Christopher et al. 2013;
Lisman and Grace 2005). In addition, Parkinson’s disease
patients show memory deficits due to impaired coordina-
tion between memory retrieval and execution (Brgnnick
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et al. 2011; Anderson and Green 2001). The incidence of
brain disease is increasing each year with the aging of the
population; therefore, efficient therapeutic interventions are
important (Schlossmacher et al. 2017).

In recent studies on nonmotor symptoms associated with
Parkinson’s disease, impaired iron metabolism was sug-
gested to be responsible for restless leg syndrome (Piao
et al. 2017). Parkinson’s disease patients show excessive iron
deposition in the substantia nigra, which also leads to neuro-
degeneration (Salazar et al. 2008; Sofic et al. 1988) and thus
promotes the progression of Parkinson’s disease. Transfer-
rin is an iron metabolism-related protein that is abundantly
expressed in the brain of Parkinson’s disease patients (Mari-
ani et al. 2013). The mechanism underlying iron deposition,
and the correlation thereof with the onset and progression of
Parkinson’s disease, remains unclear. Iron-regulatory protein
1 (IRP-1) and IRP-2 are key regulators of iron homeostasis,
and are important in maintaining cytoplasmic iron levels
(Munoz et al. 2016). In addition, IRP-1 and IRP-2 regulate
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mitochondrial ATP-binding cassette subfamily B member 7
(ABCB7), which is involved in the biogenesis of cytosolic
iron—sulfur clusters (Pondarré et al. 2006). In the present
study, the ABCB7 protein expression was investigated in
different pathological stages of Parkinson’s disease.

Materials and methods
Mouse model of Parkinson’s disease

Three-month-old male C57BL/6 mice (n=15) were used
to develop an experimental model of Parkinson’s disease.
The mice were maintained in a cage at 22+ 1 °C under a
12-h light and 12-h dark cycle. The use of animals and the
experimental protocols were approved by the institutional
ethical and animal care committee. The mice were divided
into three groups (n =35 animals each) that were maintained
separately. Mice in the first group (control) were intraperito-
neally injected with saline solution for 15 consecutive days.
To establish mild and severe forms of Parkinson’s disease, a
standard neurotoxin, 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP), was used as described previously (Liu
et al. 2018). To establish mild stage Parkinson’s disease,
a second group of mice were intraperitoneally injected
with MPTP (18 mg/kg) for 10 consecutive days, followed
by injection with physiological saline only over the next
5 days. The mice in the final group were injected with MPTP
(30 mg/kg) once daily for 15 days. Following a complete rest
of 5 days (days 16-20), the mice were sacrificed for analysis.

Pole test

The pole test is a simple behavioral test used to evaluate the
degree of bradykinesia (Ogawa et al. 1985). Before starting
the experiment, the mice were acclimated to the experimen-
tal setup for 3 days. A 50-cm high vertical wooden pole
with a base stand was positioned inside the working cage.
We ensured that the pole surface was not slippery, i.e., was
sufficiently rough. The mice were placed at the top of the
pole; after orienting themselves, they climbed down toward
the floor. The time to reach the floor was recorded, and the
experiment was repeated twice at 15-min intervals.

Rotarod test

Motor coordination and endurance were analyzed using the
rotarod test, as described previously (Dunham and Miya
1957). Before starting the experiment on day 20, mice were
trained at 7, 10, and 15 rpm on days 17-19. The length of
time that each mouse remained on the rotarod was recorded.
Three trials were performed at 15-min intervals, and the
average time on the rotarod was calculated.
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Histology and immunohistochemistry

For the dissection of the brain tissue for histology, the
intact brain without any tissue damage is obtained by per-
fused with 4% paraformaldehyde. Initially, the mice are
anesthetized using ketamine/xylazine mixture (90/16 mg/
kg) to reach surgical plane of anesthesia and perfused
with 10 mM PBS and later with 4% paraformaldehyde (in
0.1 M phosphate buffer, pH 7.4) through vascular network
of heart. Following perfusion technique, the whole brain
is dissected out, sliced into smaller pieces, and fixed with
4% paraformaldehyde for 48 h. After fixation, the tissue
sections were subjected to the following steps: gradual
dehydration using isopropyl alcohol, tissue clearing with
xylene, and wax infiltration; sections were then formed
into blocks for histological sectioning. For immunohisto-
chemistry, sections were initially treated with trypsin to
unmask the antigens and epitopes, followed by blocking
in 4% bovine serum albumin (BSA). Next, the sections
were incubated with anti-ABCB7 antibody (ab151992;
Abcam, Shanghai, China; 1:500 ratio) or anti-phosphoryl-
ated a-synuclein antibody (Abcam (ab51253), Shanghai,
China; 1:1000 ratio) for 8 h at 4 °C in 4% BSA solution.
After washing with Tris-buffered saline with Tween-20
(TBST), the sections were further incubated with horse-
radish peroxidase (HRP)-conjugated secondary antibody
for 1 h at room temperature. After washing thrice with
TBST, the sections were developed using 3,3'-diamin-
obenzidine (DAB) solution (1% DAB and 4 drops of 10 N
HCI) by incubating for 15 min in the dark. For positive
control experiments, mice liver tissue was treated with
both primary and secondary antibody and later developed.
For negative control, the mice brain tissue is treated only
with secondary antibody and developed further with DAB
solution.

Western blotting

Following brain removal, the substantia nigra was care-
fully separated from the rest of the tissue. After washing
with ice-cold 1x phosphate-buffered saline (PBS), the tis-
sue was transferred to an Eppendorf tube and subjected to
protein extraction using a total protein extraction kit (Bey-
otime, Nanjing, China). Following protein quantification
using the Lowry method, each well was loaded with 60 ug
of protein sample and separated using 12% SDS-PAGE
gel. The separated proteins in the gel were transferred
to polyvinylidene difluoride (PVDF) membranes. After
blocking (using 5% milk powder in 1 X TBST), the target
protein in the PVDF membrane was probed using anti-
ABCB7 antibody (Abcam (ab151992), Shanghai, China;



3 Biotech (2020) 10:173

Page3of7 173

1:500 ratio) and the signals were detected using HRP-con-
jugated secondary antibody (Abcam (ab6721), Shanghai,
China; 1:2000 ratio; diluted with 1 x TBST). The results
are documented using Gel documentation system, and the
band intensity was analyzed using ImagelJ software.

Statistical analysis

To enhance the accuracy, three trials were performed, and
the averaged data were used in the statistical analysis. The
statistical data were analyzed using SPSS software (version
25.0; IBM Corp., Armonk, NY, USA). The groups were
compared using ANOVA test, followed by Tukey’s post hoc
test for multiple data comparisons. A P value <0.05 was
considered statistically significant. The results are presented
as means =+ standard deviation (SD).

Results

Pole and rotarod results showed that MPTP-injected
mice developed Parkinson’s disease

To induce mild stage Parkinson’s disease, the mice were
intraperitoneally injected with neurotoxin MPTP (18 mg/
kg) for 10 consecutive days, followed by saline injection
for 5 days. Similarly, to induce severe forms of Parkin-
son’s disease, mice were injected with MPTP (30 mg/kg)
for 15 consecutive days. Next, the MPTP-injected and
control mice were subjected to the pole test. Mice injected
with MPTP for 10 or 15 consecutive days showed gradual
loss of motor function in pole test (Fig. 1). The control
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Fig.1 Pole test for assessing motor dysfunction: mild and severe
forms of Parkinson’s disease mice and controls performed the pole
test. The time for mice to reach the floor was recorded in seconds.
The control mice take only 15.38+1.21 s to reach the floor on the
other hand mild and severe forms of Parkinson’s disease developed
mice takes 26.61+1.31 s and 52.24+1.18 s respectively to reach
the floor. The data are presented as means + standard deviation (SD).
P <0.05 was considered statistically significant. PK Parkinson’s dis-
ease

mice reached the floor very quickly (15.38 +1.21 s);
however, the mild stage Parkinson’s disease mice took
1.7 times (26.61 +1.31 s) longer to reach the floor than
control mice, while mice with severe forms of Parkinson’s
disease took 3.3 times longer (52.24 + 1.18 s). To further
evaluate the motor activity in each group, the rotarod
test was performed; the results are shown in Fig. 2. The
control mice exhibited better stability, remaining on the
rotating rod for a longer period of time (213 +2.18 s)
compared with mild (166 +£2.63 s) and severe forms
(119+2.62 s) of Parkinson’s disease mice.

Histopathological changes confirmed
the establishment of mild and severe forms
of Parkinson’s disease in mice

After the pole and rotarod tests, the key features of Parkin-
son’s disease were investigated based on the histopathologi-
cal changes that occurred in the control, mild, and severe
forms of Parkinson’s disease mice. In control mice, the sub-
stantia nigra showed a well-defined and uniform arrange-
ment of neuronal cells (Fig. 3a). Mice injected with MPTP
(18 mg/kg) for 10 consecutive days showed cell aggregates
and abnormal cells, indicative of mild stage Parkinson’s
disease (Fig. 3B). Conversely, mice injected with MPTP
(30 mg/kg) for 15 consecutive days showed the formation
of Lewy bodies and hardened tissue (Fig. 3c). For further
evaluation, the brain tissue of substantia nigra is stained with
anti-phosphorylated a-synuclein antibody. In the control tis-
sue, no positive signals are observed against phosphoryl-
ated a-synuclein antibody (Fig. 3d), but in mild stages of
Parkinson disease condition, it show signal around Lewy
body structure that occurs limited in number (Fig. 3e). In
severe forms of Parkinson disease, the Lewy bodies structure
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Fig.2 Rotarod test for assessing motor coordination: The time spent
on the rotarod was considered indicative of motor ability. The con-
trol mice have the ability to grip on the rotarod for a longer time
(213+2.18 s) when compared with mild (166+2.63 s) and severe
forms (119+2.62 s) of Parkinson’s disease developed mice. The
graphs are plotted with time in seconds (y axis) and different mice
groups (x axis). The data are presented as means=+SD. *P <0.05 vs.
control
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Fig. 3 Histopathological analysis of the substantia nigra of 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-injected mice: a con-
trol mice show normal neuronal structure with well-defined, uniform
arrangement of neuronal cells. b Mice with mild stage Parkinson’s
disease show neuronal damage and the formation of Lewy bodies. ¢
Mice with severe forms of Parkinson’s disease show a complicated
tissue structure characterized by tissue hardness and more Lewy bod-

increase in number and show progressive bulge in size which
are detected using phosphorylated a-synuclein antibody
(Fig. 31).

Abnormal ABCB7 expression in the different
pathological stages of Parkinson’s disease

To identify and locate ABCB7 expression in the control and
mild and severe forms of Parkinson’s disease mice, immuno-
histochemistry was performed. The ABCB7 protein expres-
sion pattern in the substantia nigra is shown in Fig. 4. In con-
trol mice, ABCB7 was mildly expressed (Fig. 4a); however,
the expression gradually increased in mice with mild stage
Parkinson’s disease (Fig. 4b). The ABCB7 expression was
typically observed around abnormal cells in mice with mild
stage Parkinson’s disease (Fig. 4b). The substantia nigra
of mice with severe forms of Parkinson’s disease showed
abnormally high ABCB7 protein expression (Fig. 4c) which
is directly related with abnormal iron accumulation. The
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ies. d Control mice tissue shows no positive signal for phosphoryl-
ated a-synuclein antibody. e Mild stage of Parkinson disease shows
few Lewy bodies structure that are stained with phosphorylated
a-synuclein antibody. f Severe forms of Parkinson disease shows
more Lewy bodies structures that are stained with phosphorylated
a-synuclein antibody. Arrow denotes Lewy bodies. H&E stain. Scale
bar, 50 pm

expression of ABCB7 protein occurs more prominently in
cytoplasm and appears in most of the cells of substantia
nigra (Fig. 4c). In order to determine the specificity of the
antibody used, the mice liver and brain tissue are subjected
to positive and negative control experiments as described in
“Materials and methods”. For positive control experiments,
mouse liver tissue against anti-ABCB7 antibody shows more
prominent signals (Fig. 4d). To determine nonspecific sig-
nals, negative control experiments were carried out using
mouse brain tissue without primary antibody incubation, and
it shows no nonspecific signals (Fig. 4e).

To investigate the differential expression of ABCB7,
Western blotting was performed (Fig. 5). In control mice,
ABCB7 was marginally expressed in substantia nigra tissue
samples. In mild stage Parkinson’s disease, ABCB7 expres-
sion was 1.6-fold higher when compared with the control
group (Fig. 6). Notably, in severe forms of Parkinson’s dis-
ease, ABCB7 expression was 2.9-fold higher when com-
pared with the control (Fig. 6). For enhancing experimental
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Fig.4 Immunohistochemistry with ATP-binding cassette subfamily
B member 7 (ABCB7) antibody: a control mice tissue with optimal
ABCB?7 expression. b Mice with mild stage Parkinson’s disease show
gradual overexpression of ABCB7 protein. ¢ Mice with severe forms

Fig.5 ABCB?7 expression pattern analyzed using Western blotting:
lane 1 shows the minimal ABCB7 expression seen in control tissue.
Lane 2 shows a significant increase in ABCB7 expression in mild
stage Parkinson’s disease. Lane 3 shows that ABCB7 was overex-
pressed in severe forms of Parkinson’s disease. f-Actin was used as a
loading control

accuracy, the samples are analyzed from three different
individual mice, and the results obtained are normalized to
internal loading control, f-actin.
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of Parkinson’s disease show high ABCB7 expression. d Positive
control; mouse liver tissue positive for ABCB7. e Negative control;
mouse brain tissue negative for ABCB7. H&E stain. Scale bar, 50 pm

Discussion

Proteins performing many important biological processes,
such as cellular respiration, nitrogen fixation, DNA syn-
thesis, DNA repair, oxygen transport, and neurotransmit-
ter synthesis, require iron as a cofactor (Paul et al. 2017),
which forms iron—sulfur clusters (Lill 2009) and regulates
the expression of numerous genes (Mettert and Kiley 2015).
Abnormal distribution of iron within the mitochondria, and
protein iron—sulfur deficits due to abnormal regulation of
iron, are also responsible for the development of neurode-
generative diseases, such as Parkinson’s disease and Friedre-
ich ataxia (Isaya 2014). The neurotoxin MPTP used in the
present study specifically targets dopaminergic neurons and
activates cell death by inhibiting mitochondrial complex I
in the substantia nigra (Meredith et al. 2008).

In the present study, we preferred to use three-month-
old male C57BL/6 mice because as many of the previous
studies uses 2-3 months old mice to get the precise results
over old age mice (Liu et al. 2018; Zhang et al. 2017). In
addition, we follow different time frame and different dose
of MPTP injection, which are essential to establish mild
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Fig.6 Quantification of ABCB7 T

expression in mild and severe 4500
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and severe forms of Parkinson disease condition. The 5-day
physiological saline injection following 10 days of MPTP
injection in the second group of mice is to mimic the simi-
lar stress of injection which is continuously followed for
15 days in group three mice. The different concentrations of
MPTP (18 mg/kg for 10 consecutive days and 30 mg/kg for
15 consecutive days) resulted in mild and severe forms of
Parkinson’s disease, respectively. The dose of MPTP used
for inducing the mild and severe forms of Parkinson disease
was primarily determined using previous studies (Liu et al.
2018; Zhang et al. 2017) and customized to certain extent
for the present study. Abnormal motor function in mice can
be detected using the pole and rotarod tests (Abramow-
Newerly et al. 2006). In the mice in the present study, as
the concentration of MPTP increased, motor coordination
decreased, based on the pole and rotarod test results. In mild
stage Parkinson’s disease, cell aggregates form gradually due
to insoluble ubiquitin and a-synuclein formation (Meredith
et al. 2004). Tissue hardness was observed in mice with
severe forms of Parkinson’s disease as similar to a previous
report in which chronic Parkinson’s disease was character-
ized by reduced viscoelasticity of the substantia nigra (Hain
et al. 2016).

In our studies, we observed the expression of ABCB7
shows steady overexpression pattern as Parkinson disease
progress. The expression of ABCB7 appears more promi-
nent in cellular cytoplasm and specifically in severe forms
of Parkinson disease most of the cells present in substantia
nigra are showing positive signals for ABCB7 expression.
ABCBY7 in the mitochondrial membrane plays a crucial role
in the biosynthesis of cytosolic Fe—S proteins (Pondarré
et al. 2006). In a previous study, silencing of ABCB7 led to
iron overload in the mitochondria, indicating iron deficiency
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in the cellular cytoplasmic environment (Cavadini et al.
2006). Based on the previous results and those of this study,
ABCBY7 is gradually overexpressed as Parkinson’s disease
progresses, indicating that ABCB7 function remains undis-
turbed. However, the overexpression led to increased accu-
mulation of iron—sulfur complex in the cytoplasm, which
may negatively regulate many genes involved in the initia-
tion and progression of Parkinson’s disease.

Conclusions

In this study, we successfully established the mild (18 mg/
kg MPTP injection for 10 days) and severe (30 mg/kg MPTP
injection for 15 days) forms of Parkinson’s disease using dif-
ferent concentrations of MPTP. Injected mice showed dose-
dependent degeneration of the substantia nigra. ABCB7 was
gradually upregulated as Parkinson’s disease progressed,
indicating abnormal iron—sulfur clusters in the cytoplasmic
environment; this may lead to negative regulation of many
genes involved in the development of Parkinson’s disease.
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