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Phenotypic features such as ataxia and loss of motor function, 
which are characteristics of Parkinson’s disease (PD), are expected 
to be very closely related to cerebellum function. However, few 
studies have reported the function of the cerebellum. Since the 
cerebellum, like the cerebrum, is known to undergo functional 
and morphological changes due to neuroinflammatory processes, 
elucidating key functional factors that regulate neuroinflamma-
tion in the cerebellum can be a beneficial therapeutic approach. 
Therefore, we employed PD patients and MPTP-induced PD 
mouse model to find cytokines involved in cerebellar neuro-
inflammation in PD and to examine changes in cell function by 
regulating related genes. Along with the establishment of a PD 
mouse model, abnormal shapes such as arrangement and number 
of Purkinje cells in the cerebellum were confirmed based on 
histological finding, consistent with those of cerebellums of 
PD patients. As a result of proteome profiling for neuroinflam-
mation using PD mouse cerebellar tissues, fetuin-A, a type of 
cytokine, was found to be significantly reduced in Purkinje cells. 
To further elucidate the function of fetuin-A, neurons isolated 
from cerebellums of embryos (E18) were treated with fetuin-A 
siRNA. We uncovered that not only the population of neuro-
nal cells, but also their morphological appearances were sig-
nificantly different. In this study, we found a functional gene 
called fetuin-A in the PD model’s cerebellum, which was close-
ly related to the role of cerebellar Purkinje cells of mouse and 
human PD. In conclusion, morphological abnormalities of Purk-
inje cells in PD mice and patients have a close relationship 
with a decrease of fetuin-A, suggesting that diagnosis and treat-
ment of cerebellar functions of PD patients might be possible 
through regulation of fetuin-A. [BMB Reports 2023; 56(5): 308- 
313]

INTRODUCTION

Parkinson’s disease (PD) is already well known as a progressive 
chronic degenerative neurological symptom characterized by 
decreased motor skills, resting tremors, rigidity, and gait disorder 
phenotype (1). PD also causes non-motor symptomatic problems 
regarding mood disorders such as depression and anxiety (2-4). 
Pathological changes caused by PD are attributed to continu-
ously decreased dopaminergic neurons within the substantia 
nigra (SNr), resulting in a remarkable decrease of dopamine 
concentration in the striatum (5). Therefore, most studies have 
focused on the basal ganglia, although reciprocal anatomical 
connections between basal ganglia and cerebellum have been 
fully identified thus far (1, 6, 7). Notably, effects of morpho-
logical and pathological changes in the cerebellum on clinical 
symptom changes in PD patients have recently attracted atten-
tion (1). Many studies agree that the severity of these neuro-
degenerative diseases is promoted by reduced frontal cortex 
volume, blood-brain barrier (BBB) damage, progressing synaptic 
dysfunction, reduced striatal dopamine receptors, calcium im-
pairment, mitochondrial alteration, and reactive oxygen species 
(ROS) increment (8-10). The persistent inflammatory state listed 
above as the concept of “neuroinflammation” has been noted 
as a significant concern for degenerative brain diseases caused 
by aging (11-13). Therefore, we hypothesize that specific in-
flammatory cytokines known to modulate neuroinflammation 
might exist in these pathological mechanisms, considering that 
symptoms of PD patients might be closely related to the func-
tion of the cerebellum. In the present study, we found morpho-
logical abnormalities of Purkinje cells in PD patients. We pre-
dicted that these fatal abnormalities might have appeared due 
to sustained long-lasting neuroinflammation and that they might 
have a very close relationship with motor dysfunction in PD. 

Meanwhile, fetuin-A mainly appears in embryonic cells and 
adult hepatocytes (14, 15). It can bind to many receptors (15, 
16). It exhibits multifaceted physiological and pathological 
functions (15, 17). In addition, recent studies have demonstrated 
that fetuin-A concentration is reduced in the pathogenesis of 
assorted brain pathologies, including cerebral ischemic injury 
and neurodegenerative diseases (15). These results show that 
fetuin-A contributes to neuroprotection and anti-inflammatory 
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Fig. 1. Histological features of the cerebella in human PD patients 
and reduction of fetuin-A expression in Purkinje cells. (A) Nissl 
staining of the cerebella in PD patients. (B) Expression of fetuin-A 
in cerebellar Purkinje cells. The solid-red line is an imaginary ex-
tension of PCL. Black arrow heads indicate Purkinje cells. White 
arrow heads indicate fetuin-A and/or calbindin positive Purkinje cells. 
“Magnifying 1” is the enlarged image. “Magnifying 2” is the max-
imum magnification of the image in the box. GCL = granule cell 
layer; ML = molecular layer; PCL = Purkinje cell layer; ***P ＜ 0.005; 
**P ＜ 0.01. Scale bar = 100 μm. Error bar represents mean ± standard 
deviation.

Fig. 2. Histological features and proteome profiling of the cerebel-
lum in MPTP-induced PD mice. (A) Histological traits of Nissl staining 
of Purkinje cells in normal and PD mouse cerebellum. (B) Proteome 
profiling to observe changes in inflammatory cytokines in the cere-
bella of normal and PD mice. (C) Protein expression of fetuin-A 
was significantly decreased in the cerebella of PD mice. Deep 
blue boxes are reference genes. “Magnifying” indicates enlarged 
image. **P ＜ 0.01; *P ＜ 0.05 vs. CON. Scale bar = 100 μm. 
Error bar represents mean ± standard deviation.

reaction (15, 18). In other words, the function of fetuin-A might 
be involved in the pathological mechanism of PD. 

Researchers have devised an insult called 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (MPTP) and used it to induce PD in 
animal models. Repeated chronic injection of MPTP is known 
to cause neuroinflammation in the animal brain for a long time 
(19). An MPTP insult can accelerate the decrease of Purkinje cell 
population and the loss of calcium-binding positive Purkinje 
cells (20). Loss of induced hyper-activation of Purkinje cells 
has been reported (21). Purkinje cells’ ability to maintain normal 
morphological shape and functional performance can be seen 
as an indicator of synaptic plasticity (22), a major considera-
tion for the cerebellum’s motor and non-motor functional me-
chanisms (23). Thus, we observed cerebellar tissues of PD pa-
tients and constructed an MPTP-induced PD mouse model.

In this study, we focused on fetuin-A expressed in Purkinje 
cells of the cerebellum. The function of fetuin-A in the cerebel-
lum is not yet well known. To induce silencing of fetuin-A in 
embryonic cerebellar primary neurons, RNAi method was used. 
We provide strong evidence that fetuin-A is a novel functional 
biomarker in the cerebellum of PD through examination of 
MPTP-induced PD mice, PD human patients, and an in vitro 
model.

RESULTS

Fetuin-A levels are decreased in cerebellar Purkinje cells of 
patients with PD
As a result of observing PD patients’ cerebella after Nissl stain-
ing, we encountered clear differences in the shape and distri-
bution of Purkinje cells on the Purkinje cell layer (PCL) line 
compared to those appeared in the cerebella of normal subjects 
(Normal) (Fig. 1A). When the expression of fetuin-A expressed 
in Purkinje cells of PD patients was compared to that in nor-
mal controls observed through immunofluorescence, expression 
levels of calbindin and fetuin-A were well observed in Purkinje 
cells of the cerebella of normal subjects. Conversely, they were 
almost absent in PD patients (Fig. 1B). 

Fetuin-A levels are suppressed in the cerebellum of a PD 
mouse model 
PD mice established by chronic MPTP exposure are summarized 
in Supplementary Fig. 1. 

When the cerebella of these selected PD mice and normal 
cerebella (CON) were compared by Nissl staining, histological 
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Fig. 3. Immunohistochemistry and immunofluorescence for observing 
fetuin-A expressing cells in the cerebella of PD mice. (A, B) Fetuin-A 
in the cerebellum is well expressed in Purkinje cells in CON, but 
not in PD mice. (C) Double merged images of calbindin and 
fetuin-A confirmed that fetuin-A’s intensity in the PD model was 
significantly reduced in Purkinje cells. Black arrow heads indicate 
fetuin-A positive Purkinje cells. White arrow heads indicate fetuin-A 
and/or calbindin positive Purkinje cells. “Magnifying” indicates enlarged 
image of the left square of each image. White line indicates 
Purkinje cell layer. Scale bar = 100 μm. **P ＜ 0.01 vs. CON. 
Error bar represents mean ± standard deviation.

Fig. 4. Observation of morphological changes in embryonic neuronal 
cells after treatment with fetuin-A siRNA. (A) Significant silencing of 
fetuin-A expression was observed in cells treated with siRNA. (B) 
In 18-day embryonic (E18) cerebellar neuronal cells, strong signals 
of calbindin and fetuin-A were observed in the CON group. How-
ever, the shape of cells treated with fetuin-A siRNA transfection 
looked different from CON and the number of cells expressing 
calbindin or fetuin-A was significantly decreased. (C, D) TUNEL 
assay results for measuring apoptosis in Purkinje cells. ***P ＜ 0.005; 
**P ＜ 0.01 vs. CON. Error bar represents mean ± standard deviation.

findings were remarkable like those observed in the cerebella 
of human patients with PD (Fig. 2A). As a result of observing 
expression characteristics of 111 inflammatory cytokines expressed 
in the lysate of the cerebella of PD mice by proteome array, 
several proteins showed expression differences, with fetuin-A 
showing the most remarkable differences in brain tissues and 
sera (Fig. 2B and Supplementary Fig. 1D). Osteopontin (OPN) 
and myeloperoxidase (MPO) showed common changes in the 
cerebellum (Fig. 2B and Supplementary Fig. 1D). Since the 
difference in fetuin-A protein expression between CON and 
PD groups was confirmed in proteome profiling, the difference 
in fetuin-A expression in the cerebellar tissue between CON 
and PD groups was analyzed again by Western blot (Fig. 2C). 

Impaired Purkinje cells show reduced fetuin-A levels in a PD 
mouse model
Immunohistochemistry and immunofluorescence staining of 
fetuin-A were performed to determine its expression location 

in the cerebellum. In the CON, fetuin-A was mainly expressed 
in Purkinje cells. However, in the PD model, the expression of 
fetuin-A was considerably reduced or disappeared (Fig. 3A, B). 
This result was consistent in the cerebella of PD mice and 
human PD. Double-merged images of calbindin and fetuin-A 
established that fetuin-A’s intensity in the PD mouse model 
was significantly reduced in Purkinje cells (Fig. 3C).

Knockdown of fetuin-A decreases cellular survival of Purkinje 
cells
Results shown above suggest that the decrease of fetuin-A 
expression in the cerebellum of PD model might have led to 
the decline in the shape and number of Purkinje cells. There-
fore, if the survival of neuronal cells derived from the cere-
bellum could be determined throughout fetuin-A gene silencing, 
the function of fetuin-A in PD could be newly identified. 
Results showed that the absolute number of neurons derived 
from the cerebellum of an 18-day-old embryo was reduced 
due to fetuin-A siRNA treatment (Fig. 4). 

TUNEL assay
As a result of the TUNEL assay, there were no apoptosis-posi-
tive changes in fetuin-A silenced neurons in Purkinje cells of 
PD animals (Fig. 4C, D). 
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DISCUSSION 

Recently, interest in the pathological mechanism and additional 
phenotypes of PD is significantly increasing. However, studies 
on the cerebellum remain insufficient. Screening inflammatory 
cytokines that participate in significant pathological mechanisms 
in the cerebellum for ataxia in PD patients is expected to 
provide diagnostic and therapeutic value as mentioned earlier. 
We confirmed histological abnormalities and a significant re-
duction of fetuin-A expression in the cerebella of PD patients 
(Fig. 1). Effects of fetuin-A expression on Purkinje cells were 
determined using mouse and cell models. MPTP administra-
tion substantially reduced animals’ motor performance with a 
significant decrease in dopaminergic neurons in the SNr based 
on histological findings (Supplementary Fig. 1). Nissl staining 
of MPTP-induced PD mice also showed remarkably similar 
histological changes in the cerebella of PD patients (Fig. 2A). 
By proteome array, we found significant expression changes of 
some proteins in the cerebellum and serum of MPTP-induced 
PD, including fetuin-A, MPO, and OPN (Fig. 2B and Supple-
mentary Fig. 1D). Although it has been continuously reported 
that MPO and OPN can be significant biomarkers in degene-
rative brain diseases (24, 25), the discovery of fetuin-A in the 
cerebellum is novel. Notably, fetuin-A’s expression change 
was the most prominent among these proteins that showed 
expression changes (Fig. 2B and Supplementary Fig. 1D). 
When the expression of fetuin-A in the protein homogenate of 
the cerebellum was examined, the same result as the proteome 
array was obtained (Fig. 2C). As mentioned earlier, since 
fetuin-A has a neuroprotective effect (26, 27), it seems likely 
that the expression of fetuin-A is proportionally reduced 
according to the severity of PD. As a result of analyzing the 
expression of fetuin-A in the cerebellum using IHC and IF 
methods, it was found that the expression of fetuin-A in PD mice 
was significantly reduced (Fig. 3). Based on our fetuin-A siRNA 
results using the RNAi technique, suppression of fetuin-A 
expression was predicted to affect Purkinje cells’ death (Fig. 4). 
However, a decrease in fetuin-A expression did not lead to cell 
apoptosis (Fig. 4D). Thus, further investigation is needed.

In summary, we compared characteristic changes of the 
cerebella of MPTP-induced PD mice with those of human PD 
patients. The role of fetuin-A gene expression in Purkinje cells 
was demonstrated. Along with the fact that the function of the 
fetuin-A gene expressed in Purkinje cells was important in both 
mouse models and humans, we found out regulating fetuin-A 
expression is very important for maintaining the function of 
Purkinje cells. Our study is the first to filter out significant 
biomarkers by performing histological structure and proteomic 
analyses of MPTP-induced PD mouse and the cerebella of 
human PD patients. Further studies are needed to elucidate 
specifics and additional molecules that drive fetuin-A. 

MATERIALS AND METHODS 

Animals and MPTP-induced Parkinson’s disease mouse model
C57BL/6J mice (n = 28, male 25-30 g, 8-week-old) were pur-
chased from Orient Bio (Seongnam, Korea). These animals 
were housed in a room maintained humidity at 60% and 
temperature of 22 ± 2oC under a 12 h light:12 h dark cycle. 
Animals had free access to food and water. These mice (MPTP; 
n = 14) were intraperitoneally injected with MPTP (S47312, 
Selleck Chemical, Houston, USA) at 30 mg/kg/day dissolved in 
0.9% saline for 30 consecutive days. Remaining animals (CON; 
n= 14) were administered with only vehicle (0.9% saline) 
under the same conditions. Motor performance was inspected 
by rotarod (B.S Technolab, Daejeon, Korea) for a chronic 
MPTP-induced PD mouse model at 40 rpm compared to CON 
to indicate movement ability. Result was calculated as average 
latency on the rotating rod with speed accelerating gradually 
from 10 rpm/min to 40 rpm/min. All protocols were reviewed 
and approved by the Institutional Animal Care and Use Com-
mittee (IACUC) of Soonchunhyang University (Approval number: 
SCH22-0005). 

Histology 
Mice were anesthetized with 20% Urethane (Daejung chemical 
& metals, Korea) at a volume of 10 ml/kg. They were then 
perfused transcardially with 0.9% saline, followed by treatment 
with 4% paraformaldehyde (PFA; Sigma-Aldrich, St. Louis, MO, 
USA) in 0.1 M phosphate buffer (PB, pH7.4). Brain tissues 
were removed and post-fixed overnight in 4% PFA at 4oC. 
They were then sectioned at 4-μm in thickness after paraffin- 
embedding. Sections contained the Purkinje cell layer of the 
cerebellum area corresponding to the bregma between −5.80 
and −6.24 mm of the mouse brain atlas (28). Additionally, coor-
dinates of SNr to identify dopaminergic neurons were identi-
fied at bregma −2.70 mm to −2.92 mm. For Nissl staining, 
brain tissues were stained with 1% cresyl violet (Daejung chem-
icals & metals, Korea). Cerebellar tissues of normal human 
subjects (#NBP2-77754) and PD patients (#NBP2-77999, Novus 
Biologicals, Centennial, CO, USA) were obtained and compared 
with MPTP-induced PD mouse phenotypes. Human subject 
study was conducted in accordance with the Helsinki Declara-
tion. The protocol was approved by the Institutional Review 
Board of Soonchunhyang University Cheonan Hospital (SCHCA 
2020-03-030-001). 

Proteome arrays 
To explore protein profiles of released cytokines and chemo-
kines in mice cerebella and sera, semi-quantitatively analyses 
were conducted using a Proteome profiler mouse XL cytokine 
Array Kit (R&D systems, USA). Samples were incubated with 
spotted nitrocellulose membranes according to the manufac-
turer’s instructions. Membrane HRP luminescence signal inten-
sities were detected using a chemi-luminance bioimaging in-
strument (CheBI2, CBI004, NeoScience, Korea) with an exposure 
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time of 10 min. Images were recorded and intensities obtained 
for dots on the membrane were individually determined in 
duplicate with an Image Studio software (version 5.2). Fold 
change was measured compared to the average value of the 
control. 

Western blot 
Proteins were lysed in RIPA buffer (Sigma-Aldrich, St. Louis, 
MO, USA) with phosphatase inhibitor (GenDEPOT, USA). 
Protein concentration was determined using BSA standard. 
After quantification, equal amounts of protein samples were 
loaded onto each lane with 10% Tris-glycine and transferred 
to PVDF membranes (Bio-Rad, CA, USA). After transfer, the 
membrane was blocked with 1X TBST (10X TBS with Tween 
20, Biosesang, Korea) containing 5% BSA. Membranes were 
incubated with monoclonal mouse anti-fetuin A (1:100 dilution, 
Santa Cruz Biotechnology, Dallas, TX, USA) and polyclonal 
rabbit anti-GAPDH (1:10,000 dilution, Cell Signaling, MA, 
USA) at 4oC overnight. These membranes were then incubated 
with HRP-conjugated horse anti-mouse IgG or goat anti-rabbit 
IgG (1:2,000, Vector Laboratories, Burlingame, CA, USA) for 2 
h at room temperature. Immunoreactive bands were visualized 
with a SuperSignal West Pico Chemiluminescent Substrate 
(Thermo Scientific, Waltham, MA, USA). 

Immunohistochemistry 
Tissues were deparaffinized, rehydrated, sequentially treated 
with 0.3% hydrogen peroxide in phosphate-buffered saline (PBS) 
for 30 min, and then blocked with CAS-Block Histochemical 
Reagent (Thermo Fisher Scientific, Waltham, MA, USA). They 
were then incubated with the following primary antibodies 
with diluent (PBS, 0.3% Triton X-100) at 4oC overnight: poly-
clonal rabbit anti-tyrosine hydroxylase (1:500, abcam, Cambridge, 
UK) and monoclonal mouse anti-fetuin-A (1:100, Santa Cruz 
Biotechnology, Dallas, TX, USA). Tissues were incubated with 
biotinylated goat anti-rabbit IgG or goat anti-mouse IgG (1:300, 
Vector Laboratories, Burlingame, CA, USA) for 2 h at room 
temperature. Sections were visualized using 3,3’-diaminoben-
zidine tetrachloride (Sigma-Aldrich, St. Louis, MO, USA) in 0.1 
M Tris-HCl buffer. Coverslip was mounted using Eukitt Quick 
hardening mounting medium. Stained brain sections were 
quantified with ImageJ software v1.52a (Bethesda, MD, USA). 

Immunofluorescence 
Sections were permeabilized in 0.5% Triton X-100 (Sigma-Aldrich, 
St. Louis, MO, USA), blocked in CAS-BlockTM Histochemical 
Reagent (Thermo Fisher Scientific, Waltham, MA, USA), and 
then stained with the following antibodies: polyclonal rabbit 
anti-calbindin (1:500, CB38, Swant, Switzerland) and monoclonal 
mouse anti-fetuin-A (diluted 1:100, Santa Cruz Biotechnology, 
Dallas, TX, USA). Sections were then incubated with donkey 
anti-mouse IgG (H + L) Alexa Fluor 488 or donkey anti-rabbit 
IgG (H + L) Alexa Fluor 594 (1:300, Invitrogen, Carlsbad, CA, 
USA) for 2 h at room temperature. FluoroshieldTM with DAPI 

(Sigma-Aldrich, St. Louis, MO, USA) was used for nuclear stain-
ing. Stained brain sections were analyzed with an immuno-
fluorescence microscope (Thermo Fisher Scientific, InvitrogenTM 
EVOSTM M7000 Imaging System, USA). These stained brain 
sections were quantified with the ImageJ software v1.52a 
(Bethesda, MD, USA). 

Cells were plated onto sterilized glass coverslips placed in 6- 
or 24-well culture plates. Cells were fixed with 4% PFA, per-
meabilized with 0.5% Triton X-100 (Sigma-Aldrich, St. Louis, 
USA), blocked with CAS-BlockTM Histochemical Reagent (Ther-
moFisher Scientific, Waltham, MA, USA), and stained as de-
scribed above. 

Primary cell culture 
Embryos (E18) were removed from three pregnant C57BL/6J 
mice and anesthetized with isoflurane (Ifran, Hana Pharmaceu-
ticals, Hwasung, Korea). These isolated embryos were sacri-
ficed and embryonic cerebella were dissected and stored in 10 
ml of cold Ca2+ and Mg2+ free Hank’s balanced salt solution 
(HBSS) (Gibco, Grand Island, NY, USA) containing 10 μg/ml 
gentamicin (Gibco, Grand Island, NY, USA). Tubes were cen-
trifuged at 500 rpm for 5-min. The supernatant was aspirated 
and digested with 2.5 ml HBSS containing 0.1% trypsin (Gibco, 
Grand Island, NY, USA) at 4oC for 15 min. The cerebellum was 
gently ground into small aggregates with magnesium sulfate 
(12 mM, Sigma-Aldrich, St. Louis, MO, USA) and DNase I 
(5 U/ml, Zymoresearch, USA). Five-milliliter of HBSS was added 
to the cell suspension and tubes were centrifuged at 500 rpm 
at 4oC for 5 min. After removing the supernatant, cells were 
seeded into 24-well culture plates at a concentration of 1 × 105 
cells/cm2 with Dulbecco’s modified Eagle’s medium (DMEM)/F12 
(Gibco, Grand Island, NY, USA) supplemented with 10% fetal 
bovine serum, putrescine (100 μM, Sigma-Aldrich, St. Louis, 
MO, USA), sodium selenite (30 nM, Sigma-Aldrich, St. Louis, 
MO, USA), and gentamicin (10 μg/ml, Gibco, Grand Island, 
NY, USA) at 37oC. Cells were kept in the incubator. After half 
of the old medium was removed, a new fresh culture medium 
containing transferrin (200 μg/ml, Sigma-Aldrich, St. Louis, MO, 
USA), progesterone (40 nM, Sigma-Aldrich, St. Louis, MO, USA), 
triiodothyronine (0.5 ng/ml, Sigma-Aldrich, St. Louis, MO, USA), 
and cytosine arabinoside (4 μM, Sigma-Aldrich, St. Louis, MO, 
USA) was added. 

Fetuin-A gene silencing 
Fetuin-A siRNA was complexed with Lipofectamine RNAiMAX 
Reagent (ThermoFisher Scientific, Waltham, MA, USA) accord-
ing to the manufacturer’s instruction. Transfection medium 
was removed and replaced with DMEM containing 10% fetal 
bovine serum at 8 h after transfection. Fetuin-A siRNA (Fetuin-A 
Ahsg) was purchased from Santa Cruz Biotechnology (sc-39443, 
CA, USA). 

TUNEL assay
TUNEL assay was performed to verify apoptosis that might 
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appear in Purkinje cells of cerebellar tissues of MPTP-induced 
PD mice. A TUNEL kit (ab206386, Abcam, Cambridge, USA) 
commercially available was used for this analysis. All processes 
were performed according to the manufacturer’s directions. An 
optical microscope was used to take photomicrographs. 

Statistics 
Data are presented as mean ± standard deviation (SD). Statistics 
were analyzed using a two-tailed Student’s t-test for comparison 
of two groups. For comparison of multiple groups, analysis of 
variance (ANOVA) with post-hoc comparisons using Duncan’s 
multiple range test of the SPSS (IBM Corp., ver.22) statistical 
software package was used. P ＜ 0.05 were considered statisti-
cally significant.  
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