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Abstract: Rasagiline, a novel monoamine oxidase (MAO)-B inhibitor, has a mild to moderate effect in relieving 
Parkinson’s disease (PD) symptoms as well as unique neuroprotective effects. Previous studies demonstrated 
rasagiline protect neurons by regulating Bcl-2 family proteins. Our study aimed to study whether Bcl-2-associated 
athanogene (BAG)-family proteins, which were reported closely associated with neurodegenerative disease, were 
involved in the neuroprotective effect of rasagiline. We found that after the administration of 1-methy1-4-phenvl-
1,2,3,6-tetrahvdropvridine (MPTP), BAG2 and BAG5 proteins were up-regulated in the substantia nigra dopaminer-
gic neurons of PD mouse model. A further increase of BAG2 and BAG5 was detected after intragastric administra-
tion of rasagiline to post-MPTP lesioned mice. Thus, the current study proved the association of BAG family proteins 
with PD, and suggested the involvement and a positive role of BAG2, BAG5 in the neuroprotection of rasagiline. 
These preliminary results implicate a novel pathway for further study on neuroprotection of rasagiline.
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Introduction

Parkinson’s disease (PD) is one of the most 
common neurodegenerative disorder affecting 
1.7% of the population above 65 years of age in 
China [1]. It is pathologically characterized by 
loss of dopaminergic neurons in the substantia 
nigra (SN) pars compacta accompanied by the 
presence of Lewy bodies in residual dopami-
nergic neurons. The etiology of PD involves the 
genetic predispositions, environmental expo-
sures and the gene-environment interactions. 
There is growing evidence that oxidative stress, 
mitochondrial dysfunction, altered protein han-
dling, calcium disbalance and neuroinflamma-
tion were involved in the pathogenesis of the 
disease [2].

Unfortunately, as a progressive disorder, the 
classical motor features of PD become clinical-
ly apparent when there is over 60% dopamine 

depletion in the nigrostriatal pathway. Current 
dopamine replacement therapy is only symp-
tomatic. Therefore, major research efforts have 
focused upon developing neuroprotective inter-
ventions with the aim to slow the neurodegen-
eration and disease progression [3]. Rasagiline 
(N-propargyl-1-(R)-aminoindan), a novel, highly 
potent irreversible monoamine oxidase (MAO)-B 
inhibitor, was one of the most promising candi-
date neuroprotective drugs. Clinical trials of 
rasagiline in patients with Parkinson’s disease 
suggest that rasagiline has a mild to moderate 
effect in relieving PD symptoms as well as some 
disease-modifying effects [4]. Basic research 
using cellular and animal models found that the 
MAO-B inhibitors protect dopaminergic neurons 
through several pathways including stabiliza-
tion of mitochondrial membrane and induction 
of antipoptotic Bcl-2 protein family [5-8]. As a 
multi-targets drug, detailed mechanism on the 
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interactions of MAO-B inhibitors with the target 
proteins was not fully clarified.

Bcl-2-associated athanogene (BAG)-family pro-
teins were originally identified in the study of 
the anti-apoptosis protein Bcl-2. The BAG pro-
teins are an evolutionarily conserved family 
proteins characterized by a common conserved 
region located near the C terminus termed the 
BAG domain but differ markedly in their 
N-terminal regions. In humans, there are cur-
rently six family members identified, designat-
ed BAG1 to BAG6. Considered as co-chaper-
ones with a variety of binding partners, BAG 
proteins are multifunctional proteins that par-
ticipate in diverse cellular processes such as 
stress signaling, neuron differentiation, and 
cell cycle [9]. The interactions of BAG1,2,3,5 
with Hsc70/Hsp70 or CHIP demonstrated a link 
between the BAG family proteins and the UPS 
and autophagy protein degradation pathways 
[9, 10]. Our previous work found after 1-methyl-
4-phenylpyridinium (MPP+) treatment in PC12 

Materials and methods

Animal grouping and MPTP model 

All studies were carried out in accordance with 
the Guidelines for Animal Experiments of 
Central South University, Changsha, China. Six-
week-old, male, C57BL/6 mice (Hunan, China), 
weighing 20 to 25 g, were randomly divided into 
two groups of 20 mice, 2-3 mice each cage. 
Drinking water and food were supplied ad libi-
tum to each cage. A 2-wk period was allowed 
for acclimatization. Then they were subjected 
to a subacute MPTP regimen. Each group 
received intraperitoneal injections of MPTP or 
vehicle at the concentration of 25 mg/kg once 
daily for 10 consecutive days, followed by a fur-
ther 3 days resting period. Assessment of SNpc 
was performed 13 days after the start of the 
MPTP administration.

Two additional animal groups (MPTP/Rasagiline 
and MPTP/water) were set by the same criteria 

Figure 1. Expression of BAG1, BAG2, BAG3, BAG5 protein in the SNpc of MPTP-
lesioned mice. A. Representative Western blotting of TH, BAG proteins and 
GAPDH. A up-regulation of BAG2 and BAG5 in SNpc after MPTP treatment was 
indicated. B. The histogram represents the MPTP group and the control group. 
The ratio of TH, BAG proteins to GAPDH in intensity (OD value) was regarded 
as the protein level for a sample. Data are expressed as the mean ± SD (n=3). 
*P<0.05, compared with the control group.

cells, BAG5 was up-regulat-
ed which inhibited apopto-
sis by increasing the ex- 
pression of anti-apoptotic 
proteins, including Bcl-2 
and Bcl-xl [11]. Otherwise, 
we found that both BAG2 
and BAG5 stabilized PINK1 
by decreasing the ubiquiti-
nation of PINK1, and BAG5 
protects against mitochon-
drial oxidative damage th- 
rough regulating PINK1 
degradation [12, 13]. These 
studies indicated that the 
BAG family proteins were 
associated closely with 
neurodegenerative disease 
and possibly play an anti-
apoptotic role against neu- 
rotoxicity.

In the present study, we 
sought to examine whether 
BAG proteins levels were 
changed in dopaminergic 
neurons of MPTP mouse 
model. We also sought to 
investigate the possible 
role of BAG proteins in the 
neuroprotection by rasagi- 
line.
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above for further study (n=20, each group). In 
this paradigm, MPTP (25 mg/kg, i.p., per day) 
was administrated for 10 days, followed by 
another 3 days resting period. At day 14, either 
rasagiline (0.08 mg/kg, p.o.) or water were 
intragastric administered for 10 days, reaching 

and incubated with primary antibodies against 
Tyrosine Hydroxylase (TH) (Rabbit polyclonal, 
1:800, abcam, USA), BAG2 (Rabbit polyclonal, 
1:50, abcam, USA), BAG5 (Rabbit polyclonal, 
1:500 Rabbit, abcam, USA) in 0.01 M PBS, at 
4°C overnight. Then sections were washed in 

Figure 2. The up-regulation of BAG2 and BAG5 in SNpc after MPTP treatment 
shown by immunohistochemistry. A. MPTP-treated mice were transcardially 
perfused, then their brains were fixed for immunohistochemistry. Dopami-
nergic neurons, as identified by immunostaining against TH (red) expressed 
BAG2, BAG5 (red) (100×). Expression of BAG2, BAG5 increased after MPTP 
treatment. B. The histogram represents the MPTP group and the control 
group. TH-positive, BAG2-positive, BAG5-positive cells were quantified across 
selected MPTP-sensitive sections. Data are expressed as the mean ± SD 
(n=3). *P<0.05, compared with the control group.

a total treatment period of 23 
days.

Sample preparation 

After all those administrations 
above, half of those mice from 
each group were deeply an- 
aesthetized with 10% chloral 
hydrate and transcardially 
perfused with 50 ml 4% para-
formaldehyde buffered with 
phosphate buffer solution 
(PBS, 0.01 M, pH 7.14). The 
whole brain was then rapidly 
removed from the skull, coro-
nal sections of 10 μm each 
were cut onto poly-L-lysine 
coated slides at -20°C using a 
freezing microtome, and the 
sections of nigral formation 
were employed to perform the 
immunohistochemistry. 

Remaining mice of each group 
were decapitated and the ven-
tral midbrain were rapidly dis-
sected and homogenized in 
ice cold-lysis buffer contain-
ing a protease inhibitor cock-
tail to obtain whole cell pro-
tein. Lysates were cleared by 
centrifugation and protein 
concentration was determi- 
ned by BCA kit. 

Immunohistochemical stain-
ing

After washing six times with 
0.01 M phosphate buffer sa-
line (PBS, pH 7.2), brain sec-
tions were incubated with 5% 
fetal bovine serum in 0.01 M 
phosphate buffered saline 
containing 0.2% Triton X-100 
for 30 min at room tempera-
ture and then washed and for 
30 min at room temperature 
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0.01 M PBS for 30 min at room temperature. 
The second antibodies were goat anti-rabbit or 
anti-mouse IgG conjugated to cy3 (1:200, 
Vector Laboratories, Burlingame, CA, USA). 
After incubation with second antibodies for 2 h, 
sections were again washed in PBS, mounted 
in an anti-fading reagent (Vectashield, Vector 
Laboratories) under a coverslip. Images were 
captured on a fluorescence microscope (Nikon, 
Japan). 

Western blotting

Equal amounts of proteins were fractionated by 
SDS-polyacrylamide gel electrophoresis, and 
transferred onto a PVDF membrane. The mem-
branes were blocked with 5% defatted milk in 
TBS-Tween (TBS-T) (50 mM Tris, pH 7.6, 150 
mM NaCl, 0.1% Tween-20) and incubated with 
antibodies against TH (Rabbit polyclonal, 
1:200, abcam, USA), BAG1 (Rabbit polyclonal, 

Student’s t-test was used to determine signifi-
cant differences between groups. Data were 
considered statistically significant at P<0.05.

Results

BAG2, BAG5 expression was increased in 
MPTP-lesioned mice

Firstly, we need to confirm the association 
between BAG family protein and PD. We used 
the classical MPTP-lesioned mouse model of 
PD and checked whether the levels of BAG1, 
BAG2, BAG3, BAG5 protein changed in the 
SNpc. Morphological observations also showed 
a decrease of TH-immunoreactivity in SN sec-
tions. As expected, the number of TH-positive 
neurons significantly decreased after MPTP 
administration in MPTP group, to 38% of con-
trol group. Western blot analysis showed that 
compared with control group, BAG2 and BAG5 

Figure 3. Effect of the rasagiline on the expression of TH, BAG2, BAG5 in SN of 
MPTP-lesioned mice. MPTP-lesioned mice treated with rasagiline or water were 
designated as MPTP/Rasagiline group and MPTP/Water group. A. Representa-
tive Western blotting of TH, BAG2, BAG5 and GAPDH. Post-MPTP treatment with 
rasagiline markedly increased the BAG2, BAG5 level of dopaminergic neurons in 
the MPTP/Rasagiline group. B. The histogram represents the MPTP/Rasagiline 
group and MPTP/Water group. The ratio of TH, BAG2, BAG5 protein to GAPDH 
in intensity (OD value) was regarded as the protein level for a sample. Data are 
expressed as the mean ± SD (n=3). *P<0.05, compared with the MPTP/Water 
group.

1:300, abcam, USA), BA- 
G2 (Rabbit polyclonal, 
1:500, abcam, USA), BA- 
G3 (Rabbit polyclonal, 
1:800, abcam, USA), BA- 
G5 (Rabbit polyclonal, 
1:700 Rabbit, abcam, 
USA), GAPDH (mouth mo- 
noclonal, 1:2000, abcam, 
USA) overnight at 4°C. 
Next, the blots were incu-
bated with goat anti-rab-
bit or anti-mouse, horse-
radish peroxidase conju-
gated secondary antibody 
and visualized by the 
enhanced chemilumines-
cence (ECL) detection, th- 
en exposed to X-ray films 
(Kadak). The protein ba- 
nds were quantified by 
densitometry. The densi-
tometry values for the pro-
teins of interest were cor-
rected for protein loading 
using GAPDH.

Statistical analysis 

Statistical analyses were 
performed using SPSS ve-
rsion 13.0 (SPSS, Chica- 
go, IL, USA), and values ex- 
pressed as mean values ± 
standard deviation (SD). 
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protein levels were increased in MPTP group 
(P<0.05 for BAG2; P<0.05 for BAG5), while 
BAG1, BAG3 unchanged (Figure 1). Accordingly, 
immunohistochemistry found significantly in- 

Discussion

Previous studies have found both rasagiline 
and up-regulation of BAG5 can inhibits MPP+-

Figure 4. Effect of the rasagiline on the expression of TH, BAG2, BAG5 in SN 
shown by immunohistochemistry. A. MPTP-lesioned mice treated with rasagi-
line or water were transcardially perfused, then their brains were fixed for im-
munohistochemistry. Dopaminergic neurons, as identified by immunostain-
ing against TH (red) expressed BAG2, BAG5 (red) (100×). B. The histogram 
represents the MPTP/Rasagiline group and MPTP/Water group. TH-positive, 
BAG2-positive, BAG5-positive cells were quantified across selected MPTP-
sensitive sections. The neuroprotective effect of rasagiline was accompanied 
by further increase of BAG2, BAG5 protein. Data are expressed as the mean 
± SD (n=3). *P<0.05, compared with the MPTP/Water group.

creased BAG2-positive ce- 
lls and BAG5-positive cells 
(P<0.05 for BAG2; P<0.05 for 
BAG5) with reduction in TH- 
positive cells in MPTP group 
(Figure 2). Increased BAG2, 
BAG5 level in MPTP mouse 
model was consistent with 
the previous observation that 
BAG5 was up-regulated in 
MPP+-treated PC12 cells.

Rasagiline treatment re-
sulted in further increase of 
BAG2, BAG5 protein after 
intoxication with MPTP

Since we had got the result 
above, we sought to examine 
whether BAG proteins are 
involved in the neuroprotec-
tion by rasagiline. Rasagiline 
or water was given in MPTP/
Rasagiline group and MPTP/
Water group respectively af- 
ter systemic administration 
of MPTP. We observed the 
neuroprotective effect of 
rasagiline in MPTP-Rasagiline 
group as shown by higher TH 
protein level and more 
TH-positive neurons by immu-
nohistochemistry in SN sec-
tions (P<0.05) (Figures 3, 4). 
Compared to MPTP/Water 
group, protein levels of BAG2, 
BAG5 were furtherly increa- 
sed in MPTP/Rasagiline gr- 
oup as demonstrated by 
western blotting (P<0.05 for 
BAG2; P<0.05 for BAG5) 
(Figure 3) and immunohisto-
chemistry (P<0.05 for BAG2; 
P<0.05 for BAG5) (Figure 4). 
These findings showed that 
continuous administration of 
rasagiline after the MPTP 
treatment can further up-reg-
ulate BAG2, BAG5 protein lev-
els and restore the reduction 
of TH immunoreactive cells in 
the SNpc.
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induced apoptosis through induction of anti-
apoptotic Bcl-2 and down-regulation of apopto-
genic Bad, Bax [5, 6, 8, 11]. The current study 
for the first time examined the four BAG family 
protein changes in dopaminergic neurons of 
MPTP mouse model. Significant increase of 
BAG2, BAG5 levels were detected in MPTP-
lesioned mice (Figures 1, 2). Post-MPTP treat-
ment with rasagiline markedly increased the 
number of dopaminergic neurons in the SN of 
the MPTP/Rasagiline group (Figure 4). Inte- 
restingly, this neuroprotective effect of rasagi-
line was accompanied by further increase of 
BAG2, BAG5 protein (Figure 3). The current find-
ing that rasagiline treatment resulted in further 
increase of BAG2, BAG5 suggested the involve-
ment and a positive role of BAG2, BAG5 in neu-
roprotection of rasagiline through apoptosis-
related proteins.

BAG proteins are characterized by a common 
conserved region located near the C terminus, 
termed the BAG domain (BD) that mediates 
direct interaction with the ATPase domain of 
Hsp70/Hsc70 molecular chaperone [9, 14]. 
Among them, BAG1 was better studied. BAG1 
was found to have a regulatory effect of Hsp70 
molecular chaperones [14]. BAG2 has been 
shown to interact with CHIP, Hsp70, MAPKAP 
through cochaperone-dependent regulatory 
mechanism [9, 10, 15]. The BAG2-Hsp70-CHIP 
complex has been shown to be part of a degra-
dation pathway for tau, a protein implicated in 
Alzheimer’s disease [16]. BAG5 is a unique 
member of the BAG family proteins in that it 
contains four BDs. Studies showed that BAG5 
plays an important role in Parkinson disease 
through the interactions with Parkin E3 ligase, 
Hsp70 chaperone, CHIP [9, 10, 17, 18]. By mod-
ulating CHIP E3 ubiquitin ligase activity, BAG5 
can mitigate CHIP-mediated production of toxic 
α-Syn oligomers [19].

Since BAG proteins are co-chaperones with 
complex networks, other pathways are worth to 
be explored such as the above mentioned UPS 
and autophagy protein degradation pathways.

In conclusion, we found up-regulated BAG2, 
BAG5 protein level against MPTP-induced neu-
rotoxicity and the involvement of BAG2, BAG5 in 
neuroprotective effect of rasagiline. This pre-
liminary finding implicates the underlying role 
of BAG protein in neurodegeneration and 
broadens the aspects of molecular mechanism 
on rasagiline neuroprotection.
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