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Background: As the second most common neurodegenerative disorder after Alzheimer’s disease (AD), Parkinson’s disease
(PD) principally impacts the motor system in approximately 7 million patients worldwide. The present study
aimed to explore the effects of cluster of differentiation (CD200) on adenosine triphosphate-sensitive potas-
sium (KATP) channels and inflammatory response in PD mice.

Material/Methods: We created an in vivo PD model by intraperitoneal injection of 30 mg/kg/day 1-Methyl-4-phenyl-1, 2, 3, 6-tet-
rahydropyridine hydrochloride (MPTP. HCL) for 5 consecutive days, and we created an in vitro PD model by
injection of 100 uM 1-methyl-4-phenylpyridinium ion (MPP+) in primary microglia cells. Expression level of
CD200/CD200R, inwardly rectifying potassium (Kir6.1/6.2), and sulfonylurea receptor (Sur1/2) were detected
by Western blot (WB). Immunohistochemistry (IHC) was utilized to assess CD11b (microglia marker) and tyro-
sine hydroxylase (TH, a marker reveals dopamine level in neurons) expression levels. An in vitro PD model was
applied to detect the influence of CD200 on ATP and inflammatory factors released from microglia. Interferon
(IFN)-y, tumor necrosis factor (TNF)-a, and interleukin (IL)-13 mRNA levels were explored by realtime quantita-
tive polymerase chain reaction (RT-QPCR), and their protein levels were identified by enzyme-linked immuno-
sorbent assay (ELISA).

Results: WB exhibited time-dependent down-regulation of CD200/CD200R in cerebra of PD mice compared to control
mice, with Kir 6.1 and SUR 2 expressed mainly in microglia. IHC showed that CD11b reached a peak at the 1¢
day after MPTP treatment, followed by time-dependent reduction, and TH decreased noticeably after MPTP in-
duction. RT-QPCR demonstrated that compared with controls, IFN-y, TNF-o, and IL-18 mRNA levels were signif-
icantly elevated at MPTP-1d, was reduced at MPTP-3d, and then returned to baseline at MPTP-7d. IHC showed
that MPP+ significantly elevated microglia release of ATP. Similar to the effect of pinacidil (K+ channel open-
er), CD200 remarkably depressed MPP+-induced ATP release. ELISA showed that MPP+ significantly increased
IFN-y, TNF-0, and IL-1f release, and CD200 and pinacidil remarkably suppressed this elevation.

Conclusions: Our results show a novel role of CD200 in promoting opening of the KATP channel, inhibiting microglia activa-
tion and release of ATP, as well as inflammatory factors, thus protecting dopaminergic (DA) neurons against
damage and alleviating PD.
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Background

As the second most common neurodegenerative disorder af-
ter AD, PD principally impacts the motor system in approxi-
mately seven million patients worldwide [1,2]. PD is more com-
mon in the elderly, and its morbidity in the population over 80
years old is 4%, which is much higher than the 1% morbidity
rate found in people over age 60 [2]. The mean age of PD on-
set is around 60 years, but 5-10% of cases are as young as
20-50 years old [3]. There are 8-18 new cases of PD per 100
000 population per year [2]. In 2013, PD caused approximate-
ly 103 000 deaths globally, up from 44 000 deaths in 1990,
and the mortality rate rose from 1.5 to 1.8 per 100 000 dur-
ing that period [4].

The primary pathological characteristic of PD is chronic and
progressive loss of DA neurons in substantia nigra pars com-
pacta (SNPC), leading to irreversible striatal dopamine loss,
which causes the major clinical symptoms of PD: akinesia,
muscular rigidity, and resting tremor [5,6]. Although the mech-
anisms underlying PD pathogenesis are not fully elucidated,
studies indicate that inflammation plays a crucial role in the
degeneration of nigral DA neurons [7,8].

In 1919, microglia were initially identified as a type of meso-
dermal cell by Hortega [9]. The role of microglia in the pathol-
ogy of PD has been investigated [10]. In addition, the activa-
tion of microglia results in progressive inflammation, leading
to further microglia activation, which brings about a cycle of
inflammation [11,12]. The induction of pro-inflammatory fac-
tors and cytokines (e.g., IFN-y, TNF-c, and IL-1P) aggravates
nitric oxide (NO)-induced DA neuron injury, as well as accel-
erating the activation of microglia and their infiltration across
the blood-brain barrier, which generates the activation of fur-
ther/resident microglia and perivascular macrophages [13], re-
sulting in chronic inflammatory response. When this inflam-
matory response persists, it may cause the progression of PD.

CD 200 (14) is a type-1 membrane glycoprotein encoded by
the CD200 gene [15], which contains 2 immunoglobulin do-
mains. CD200 was initially demonstrated to be expressed in
the brain, and a subsequent study demonstrated that it could
be localized to subsets of neurons, vascular endothelial cells,
smooth muscle cells, and B lymphocytes [16]. Studies on re-
lated genes in mice and rats suggest that the CD200 gene de-
livers an inhibitory signal for macrophage lineage in multiple
tissues [15]. Fifteen years after the discovery of CD200, the
CD200 receptor (CD200R) was identified [17]. However, how
CD200 inhibits inflammatory factor release via microglia re-
mains largely elusive.

KATP channels are expressed in diverse tissues throughout
the body, including pancreatic B-cells [18] and the brain [19].
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KATP channel is a hetero-octamer composed of 4 Kir6 sub-
units and 4 SUR subunits. The 4 centrally located Kir6 sub-
units form pores in the KATP channel and regulate K+ efflux,
while the 4 peripherally located SUR subunits modulate chan-
nel activity, depending on intracellular ATP/ADP level [20,21].
Opening of the KATP channel has been reported to inhibit ro-
tenone-induced neuroinflammation and glia activation [22].
Nevertheless, it is unclear whether CD200 attenuates PD via
modulating KATP opening. In the present study, we tested the
hypothesis that pretreatment of CD200 attenuated PD, possi-
bly by suppressing glia activation, resulting in reduced release
of pro-inflammatory factors and cytokines.

Material and Methods

Animals and agents

SPF C57BL/6 mice within the postnatal (P) period, 34 or 8
weeks, were purchased from the Chinese Academy of Science-
Shanghai SLRC Experimental Animal Co. Ltd. CD200, MPTP.HCL,
MPP+, ATP, and pinacidil (KATP inhibitor) were purchased from
Sigma-Aldrich Co. Ltd. ELISA kits of IFN-y, TNF-c, and IL-1P were
purchased from R&D Systems. The ATP release kit was pur-
chased from Beyotime Biotechnology Co., Ltd. Agents of RT-QPCR
were purchased from Takaya Biotechnology Co. Ltd. Antibodies
were purchased from Santa Cruz Co. Ltd. Cell culture medi-
um and fetal bovine serum (FBS) were purchased from GIBCO.

In vivo and in vitro PD models

We established in vivo and in vitro subacute PD models sepa-
rately. For the in vivo model, there were 3 mice in each group;
8-week-old mice received intraperitoneal injection of MPTP-HCL
at a dosage of 30 mg/kg per day for 5 days, and were killed at
day 1, 3, or 7 after the last injection. The controls received an
equivalent volume of phosphate buffered saline (PBS). Each
animal experiment was approved by the Nanjing Beng Hospital
Animal Care and Use Committee.

For the in vitro model, primary cultured microglia cells were
administrated different concentrations of MPP+, after which
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bro-
mide (MTT) assay was performed to measure cytotoxicity (data
not shown) and ELISA assay was applied to assess cytokine re-
lease. Taking the least cell damage and highest cytokine con-
centration together, we finally adopted 100 pM MPP+ as the
experimental concentration.

Primary microglia culture

Briefly, primary culture of mouse brain microglia was pre-
pared as follows: P3-4 C57BL/6 mice were soaked in 75%
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ethyl alcohol for 5 min, then the whole brains were separat-
ed from the skulls in a biosafety cabinet and rinsed in ice-
cold Dulbecco’s modified Eagle’s medium (DMEM) 3 times.
Meninges and blood vessels were removed carefully under an
anatomical microscope, and cerebral cortices were separated
and digested into cell suspension with 0.125% trypsin for 5-10
min. Digestion was terminated with FBS and the cell suspen-
sion was agitated 12 times to disperse big tissue blocks. After
that, 2.5x10°/mL cells were filtered and seeded in a 75-cm?
flask pre-coated with Poly-D-Lysine (PDL, Sigma), maintained
in DMEM/F-12 and 10% FBS, and cultured in a 37°C incuba-
tor containing 5% CO,. After 7 days, microglia cells were sep-
arated from astrocytes and oligodendrocytes by shaking for 3
h in an orbital shaker at the speed of 80 rpm/min. When mi-
croglia cells were completely suspended, we centrifuged the
cell suspension at 1500 r/min for 10 min, reseeded them in
flasks pre-coated with PDL, and changed the medium 4 h lat-
er to remove non-adherent cells. Trypan blue assay displayed
>95% cell survivability.

Western blot

Expression levels of CD200/CD200R in subacute PD mice
and Kir6.1/6.2, Sur1/2 in microglia were detected by WB.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as internal control. Briefly, samples were removed, rap-
idly washed with ice-cold PBS, and homogenized in RIPA lysis
buffer (Roche) with a cocktail of protease inhibitors and phos-
phatase inhibitors included. Sample lysates were separated
by SDS-PAGE, electrotransferred onto polyvinylidene fluoride
(PVDF, Millipore Corp., Bedford, MA, USA) membranes, blocked
in 5% bovine serum albumin (BSA) for 1 h at room tempera-
ture, and incubated overnight at 4°C with their respective an-
tibodies. After washing with TBST, membranes were incubat-
ed with corresponding HRP-conjugated secondary antibodies
for 1 h at room temperature.

Immunohistochemistry

Midbrain slices were prepared from C57BL/6 mice. In brief, mice
were deeply anesthetized with 1% chloral hydrate. Perfusion
was performed with PBS followed by 4% paraformaldehyde
(PFA, Sigma) in 0.1 M PBS at pH 7.4. Then brains were dis-
sected and embedded in OCT. The embedded blocks were sec-
tioned into 20-pum thickness and slices containing substantia
nigra were selected. Microglia activation and DA neuron loss
at day 1, 3, and 7 were investigated by anti-CD11b antibody
and anti-TH antibody, respectively.

The CD200/MPP+ group was treated with recombinant CD200
for 30 min before exposure to MPP+. Negative controls were
exposed to DMEM medium, while positive controls were treat-
ed with pinacidil. ATP was exogenously added into untreated
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controls to investigate whether CD200 inhibited ATP-induced
microglia activation.

RT-QPCR

RT-QPCR was adopted to determine mRNA levels of IFN-y, TNF-o,
and IL-1B in the midbrain of subacute PD mice. Midbrains of
mice were homogenized rapidly in Trizol reagent (Invitrogen Life
Technologies). Total RNA was treated by DNAsel (Invitrogen Life
Technologies) and reversely transcribed into cDNA according
to the manufacturer’s instruction (Takara, Dalian, China). The
QPCR reaction system contained 0.5 ul cDNA, 5 pl 2X iQSYBR-
green mix, 0.5 pl forward primer, 0.5 pl reverse primer, and
3.5 pl nanopure water. Then we used ABI Prism 7300 (Applied
Biosystems, Foster City, CA, USA) and SYBR Green | dye (Biotium,
Inc., Hayward, CA). Conditions were as following: 1 initial step
of 10 min at 95°C for polymerase activation, 5 s at 95°C for de-
naturation, 30 s at 60°C for annealing/extension, and 40 cycles
for all the primers, followed by a DNA melting curve. The GAPDH
gene was used as an endogenous control to normalize differ-
ences in each sample. Gene expression amount was calculat-
ed as the differences between the cycle threshold (ACT) value
of target gene and GAPDH. The primer sequences were as fol-
lows: IL-1 (forward: 5’-GAGCCCATCCTCTGTGACTCAT-3, reverse:
5’-AGCCTGTAGTGCAGCTGTCTAATG-3’), TNF-o. (forward: 5’GACCC
TCACACTCAGATCATCT-T-3’, reverse: 5’-CCACTTGGTGGTTTG
CTACGA-3’), IFN-y (forward: 5’-TCAAGTGGCATAGATGTGG
AAAGAA-3’, reverse: 5’-TGGCTCTGCAGGATTTTCATG-3’),
GAPDH (forward: 5’- ATGTGTCCGTCGTGGATCTGA-3’, reverse:
5’- ATGCCTGCTTCACCACCTTCT-3").

ELISA assay

ELISA assay was utilized to analyze protein levels of IFN-y, TNF-o,
and IL-1B in microglia cells after exposure to 100 yM MPP+ for
1/3/7/24 h. Briefly, 96-well plates were sensitized by synthet-
ic peptide. Sensitized plates were left in the oven until dry and
placed overnight at 4°C. After antigen sensitization, plates were
blocked with 2% BSA for 2 h at 37°C and treated successively
with samples for 1 h at 37°C. After washing, biotinylated labeled
antibodies human-IgG (Sigma, St. Louis, MO) were diluted at
1: 5000 and added to the plate for 1 h at 37°C. Then, we add-
ed the streptavidin-peroxidase conjugate diluted at 1: 1000 for
30 min at 37°C. After washing 3 times, substrate 3,39,5,59-tet-
ramethylbenzidine (TMB) in citrate buffer containing hydrogen
peroxide was added to the corresponding plates. Reactions were
stopped by addition of H,SO, 2N. Optical densities were read
at 450 nm in an ELISA reader (BioRad, Hercules, CA).

Statistical analyses

Results are presented as means + SD (standard deviation).
Differences were tested with 2-way analysis of variance
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Figure 1. Kir6.1 and Sur2 were expressed mainly in microglia.

(ANOVA) followed by Bonferroni post hoc tests. Significance
was determined on a criterion of P< 0.05.

Results

Primary cultured mouse microglia expressed Kir6.1 and
Sur2

Studies suggest that CD200 gene delivers an inhibitory sig-
nal for macrophage lineage (15). Therefore, to identify wheth-
er CD200 has the possibility of modulating KATP channel, we
first tested whether primary mouse microglia expressed KATP-
associated proteins Kir6.1/Kir6.2 and Sur1/2. Primary cul-
tured microglia from mouse brains mainly expressed Kir6.1
and Sur2 (Figure 1).

In MPTP-induced PD mice, CD200/CD200R protein levels
were down-regulated time-dependently compared to
control mice

We examined the protein levels of CD200/CD200R in C57BL/6
mouse brains of MPTP-1d, MPTP-3d, MPTP-7d, and control
groups by WB. Compared with control group, the expres-
sion level of CD200 remarkably decreased time-dependently
(Figure 2A). Statistical data shown in Figure 2B were consis-
tent with the result of WB, and with increasing time, the CD200
protein level reached minimum in MPTP-7d group.

We also tested CD200R expression level. CD200R significant-
ly decreased in MPTP-3d and MPTP-7d groups as compared
with the control group (Figure 2A, 2B).

In MPTP-induced PD mice, CD11b was up-regulated and TH
was down-regulated compared with control mice

CD11b-positive cells were used to evaluate the activation lev-
el of microglia in the midbrain slices of PD mice. As shown by
the IHC results Figure 3A, non-activated microglia cell bodies
were slender or oval-shaped, branched, and possessed sever-
al long processes, which was nearly the same as in the con-
trol group. However, the morphology of CD11b-positive mi-
croglia in MPTP-1d slices was round, bearing less processes
or spreading, consistent with activated microglia morpholog-
ical characteristics. The statistical results indicated that MPTP

administration promoted microglia activation as evidenced by
elevated CD11b expression. The intensity of CD11b staining
cells reached a peak at day 1 after MPTP treatment, then de-
creased over time (Figure 3B).

TH was applied to evaluate the amount of DA-ergic neuron in
substantia nigra striatum. TH was clearly decreased by MPTP
induction from day 1 to day 7 day in comparison with the con-
trol group (Figure 3A, 3B).

In MPTP-induced PD mice, IFN-y, TNF-0, and IL-1§
transcriptional levels were up-regulated in comparison
with control mice

We further performed RT-QPCR to investigate mRNA levels of
IFN-y, TNF-a,, and IL-1f in PD and control mice. The supreme
mRNA expression level significantly increased in MPTP-1d mice,
decreased at MPTP-3d, and mainly returned to basal line in
the MPTP-7d group, and even in the MPTP-7d group the mRNA
levels were still higher than in controls (Figure 4), which was
in line with changes in CD11b.

CD200 inhibited ATP release from Mpp+-induced microglia

Consequently, we examined the effect of CD200 on ATP re-
lease from MPP+-induced microglia via IHC. We randomly di-
vided primary cultured cells into 6 different groups: control,
MPP+, CD200/MPP+, ATP, CD200/ATP, and Pin/MPP+ groups.
Compared with control group, ATP concentration in MPP+ group
was significantly higher, and similar with the effect of pinacidil,
CD200 remarkably depressed MPP+-induced ATP release, and
CD200 inhibited ATP-induced microglia activation (Figure 5A).

The statistical data verified the same results as IHC (Figure 5B).

CD200 inhibited IFN-y, TNF-o, and IL-1f release from
Mpp+-induced microglia

To further elucidate the influence of CD200 on IFN-y, TNF-c,
and IL-1P release, we conducted ELISA assay in an in vitro PD
model. We divided cultured cells into 6 different groups op-
tionally, including control, MPP+, CD200/MPP+, CD200, and
Pin/MPP+ groups. Consistent with the results of IHC, MPP+
significantly elevated inflammatory factor release from mi-
croglia compared with control group, and CD200 as well as
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Figure 2. In MPTP-induced PD mice, CD200/CD200R protein levels were down-regulated time-dependently compared to control mice.
Compared with the control group, the expression level of CD200 remarkably decreased time-dependently, and CD200R
significantly decreased in MPTP-3d and MPTP-7d groups (A). The statistical data shown in (B) are consistent with the results

of Western blot. * Manifests P<0.05.

pinacidil remarkably depressed inflammatory factor release in-
duced by MPP+. However, without exposure to MPP+, no sig-
nificant effect on ATP level was detected in the presence of
CD200 (Figure 6).

Discussion

Studies of neuro-inflammatory processes in human brain dis-
eases began over 25 years ago, aiming to discover a regular
anti-inflammatory drug to cure AD and PD. However, under-
standing/treating inflammation in diseased human brains is
complex and not easily treatable.

In the current study we utilized CD200 in a PD model and
found that MPP+ significantly elevates ATP release, and CD200
as well as pinacidil remarkably depresses MPP+-induced ATP
release from microglia cells. Expression levels of inflamma-
tory factors were in accordance with the changes in ATP

concentration. Taken together, we elucidate for the first time
that CD200 has the ability to attenuate MPP+-induced PD via
modulating KATP channel opening and inflammatory factor
release. Our study sheds light on identifying new therapeutic
targets for treating PD.

Opening of the KATP channel has been reported to inhibit ro-
tenone-induced neuroinflammation and glia activation [20].
Therefore, we first investigated whether the KATP channel
was expressed in primary cultured microglia of mouse cere-
bral cortices. We discovered that Kir6.1 and Sur2 were dom-
inantly expressed in microglia, which provides the possibility
that the KATP channel responds to CD200.

Studies suggest that the CD200 gene delivers an inhibitory sig-
nal for macrophage lineage in multiple tissues [15]. The neuro-
biology of CD200/CD200R is relatively unexplored. A seminal
series of studies, particularly by Lynch’s group, have eluci-
dated many aspects of the neurobiology of CD200 in rodent
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Figure 3. In MPTP-induced PD mice, CD11b was up-regulated and TH was down-regulated compared with control mice. The intensity
of CD11b staining cells in IHC reached a peak at 1 day after MPTP treatment, then it reduced time-dependently. In MPTP-
1d and MPTP-3d groups, CD11b was predominantly higher than in the control group (A, B). As shown in (A, B), TH clearly
decreased due to MPTP induction from day 1 to day 7 in comparison with the control group. ** Manifests P<0.01.
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Figure 5. CD200 inhibited ATP release from Mpp+-induced microglia. MPP+ significantly elevated ATP release from microglia compared
with the control group, and, the same as the effect of pinacidil, CD200 remarkably depressed ATP release from microglia
induced by MPP+. Moreover, CD200 suppressed ATP-induced microglia activation (A). As shown in (B), statistical data verified
the same results as IHC in (A). ** Manifests P<0.01 when compared with control, # manifests P<0.01 when compared with

MPP+ group.
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disease models [23]. We constructed an MPTP-induced PD mod-
el, and discovered that CD200/CD200R was time-dependent-
ly down-regulated in mouse cerebral cortices, suggesting that
CD200/CD200R indeed participates in the progression of PD.

We further identified the activation level of microglia; the in-
tensity of CD11b showed that in MPTP-induced PD mice, in-
tensity decreased time-dependently. The primary pathological
characteristic of PD is chronic and progressive loss of DA neu-
rons, leading to irreversible striatal dopamine loss. Therefore,
we evaluated TH, which indicates the dopamine level in neu-
rons; our results showed that dopamine decreased time-de-
pendently as well. Both of them elucidated the involvement
of microglia and dopamine loss in PD, and our results were
consistent with previous studies [5,6,10].

As acknowledged, microglia activation leads to progressive in-
flammation, which generates further microglia activation and a
cycle of inflammation [11,12]. Inflammation was shown to play
a pivotal role in the degeneration of nigral DA neurons [7,8].
The induction of IFN-y, TNF-o, and IL-1f [13] results in chron-
ic inflammatory response; therefore, we investigated their
mRNA levels. The highest mRNA level significantly increased by
MPTP-1d, decreased in MPTP-3d mice, and mainly returned to
basal line in the MPTP-7d group. Even in the MPTP-7d group,
mRNA levels were still higher than in controls, which is in line
with the changes in CD11b and previous studies [7,8,11,12].

It remains unclear whether CD200 affects ATP release from mi-
croglia. To explore this, we performed IHC in different groups
and discovered that in cultured primary microglia, CD200 re-
duced MPP+-induced ATP release. In paralleled with this, we
carried out ELISA to detect inflammatory factor release by mi-
croglia; results were consistent with that of ATP release. Taking
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these 2 lines of evidence together, we conclude that CD200
plays a crucial role in attenuating PD in vitro via promoting
KATP opening and inhibiting inflammation.

However, one question remains unanswered: how does CD200
inhibit inflammatory factor release by promoting KATP open-
ing in microglia? The KATP channel is closed at high intracel-
lular ATP level [24] and open at high intracellular ADP level
[25], and it is an established drug target [26]. IFN-y, TNF-c,
and IL-1P aggravate NO-induced DA neuron injury and accel-
erates the activation of microglia [13], resulting in chronic in-
flammatory response. PI3Ky/AKT/nNOS/NO/KATP is a recent-
ly discovered pathway modulating KATP channel opening in
morphine analgesia [27]. Furthermore, morphine was discov-
ered to affect Parkinson’s-related genes PINK1/2 [28]. We pos-
tulated that CD200 suppressed NO-induced DA neuron injury
via decreasing IFN-y, TNF-o, and IL-1[3 release from microglia.
This process may depend on NO-induced KATP channel open-
ing, ultimately attenuating PD. We plan further research on
this topic in the near future.

Conclusions

The present study shows a novel role of CD200 in promoting
the opening of the KATP channel, and inhibiting microglia ac-
tivation and release of ATP as well as inflammatory factors,
thus protecting dopaminergic (DA) neurons against damage
and alleviating PD.
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