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Abstract Microglial activation and release of inflamma-

tory cytokines and chemokines are crucial events in neu-

roinflammation. Microglial cells interact and respond to

other inflammatory cells such as T cells and mast cells as

well as inflammatory mediators secreted from these cells.

Recent studies have shown that neuroinflammation causes

and accelerates neurodegenerative disease such as Parkin-

son’s disease (PD) pathogenesis. 1-methyl-4-phenyl-pyri-

dinium ion (MPP?), the active metabolite of neurotoxin

1-methyl-4-phenyl-1,2,3,6-tetrahydro pyridine activates

glial cells and mediate neurodegeneration through release

of inflammatory mediators. We have shown that glia

maturation factor (GMF) activates glia and induces neu-

roinflammation and neurodegeneration and that MPP?

activates mast cells and release proinflammatory cytokines

and chemokines. The chemokine (C-C motif) ligand 2

(CCL2) levels have been shown to be elevated and play a

role in PD pathogenesis. In the present study, we analyzed

if MPP? activates mouse and human mast cells to release

chemokine CCL2. Mouse bone marrow-derived mast cells

(BMMCs) and human umbilical cord blood-derived cul-

tured mast cells (hCBMCs) were incubated with MPP?

(10 lM) for 24 h and CCL2 levels were measured in the

supernatant media by ELISA. MPP?-significantly induced

CCL2 release from BMMCs and hCBMCs. Additionally,

GMF overexpression in BMMCs obtained from wild-type

mice released significantly more CCL2, while BMMCs

obtained from GMF-deficient mice showed less CCL2

release. Further, we show that MPP?-induced CCL2

release was greater in BMMCs–astrocyte co-culture con-

ditions. Uncoupling protein 4 (UCP4) which is implicated

in neurodegenerative diseases including PD was detected

in BMMCs by immunocytochemistry. Our results suggest

that mast cells may play role in PD pathogenesis.

Keywords CCL2 � Glia maturation factor �Mast cells � 1-
Methyl-4-phenyl-pyridinium � Parkinson’s disease

Introduction

Neuroinflammatory response protects the central nervous

system (CNS) against injury or disease. In acute neuroin-

flammation, microglia become reactive and protect the tis-

sue by phagocytosing dying cells/pathogen and also release

inflammatory cytokines and chemokines [1]. However, if the

duration of neuroinflammation is prolonged, activated

microglia cause deleterious side-effects through various

mechanisms such as inflammatory signaling pathways,

increased oxidative stress, attraction and activation of

inflammatory T cells and mast cells, induce neuronal dys-

function, neurodegeneration and neuronal death. Recent

reports suggest that neuroinflammation causes and acceler-

ates neurodegenerative disease mechanisms [2, 3]. Neu-

rodegeneration leads to progressive neuronal dysfunction,

neuronal loss, and cognitive and motor dysfunctions.

Parkinson’s disease (PD) is a progressive neurodegenera-

tive disorder characterized by the presence of motor
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disturbances, Lewy bodies and dopaminergic neuronal death

[4]. Neuroinflammatory responses and neuroinflammation

exacerbates PD pathogenesis [5]. Dopaminergic neurotoxin

1-methyl-4-phenyl-1,2,3,6-tetrahydro pyridine (MPTP) adminis-

tration induces PD in animals. 1-Methyl-4-phenyl-

pyridinium ion (MPP?), metabolite of MPTP has been

shown to induce oxidative stress, mitochondrial damage,

glial activation, inflammatory cytokine/chemokine release

and dopaminergic neuronal damage [6–8].

Glia maturation factor (GMF), a brain protein previously

isolated, sequenced and cloned in our laboratory [9–12] has

reported to activate glial cells and induce neuroinflamma-

tion and neurodegeneration in vivo and in vitro [13–15].

Overexpression of GMF increased Experimental Autoim-

mune Encephalomyelitis (EAE) disease severity and

induced significant releasee of proinflammatory cytokines

and chemokines from astrocytes [16, 17]. Mast cells play

an important role in neuroinflammation and are co-local-

ized with glial cells in neuroinflammation [1, 18–21]. We

have recently reported that MPP? activates mast cells to

release interleukin-1b (IL-1b), tumor necrosis factor-alpha

(TNF-a) and IL-8 [22]. In the present study we examined if

MPP? activate mast cels to release CCL2. The suppression

of chemokine (C-C motif) ligand 2 (CCL2) reduces

attraction of immune cells to the sites of inflammation and

thereby slow-down the progression of inflammation and

tissue damage in neurodegeneration. Uncoupling proteins

(UCPs) are endogenous neuroprotective agents and the

induction of UCPs in the specific brain region has been

suggested to protect neurons from oxidative stress-medi-

ated tissue damage [23]. We have previously reported the

expression of UCP2 in mast cells and that UCP2 can reg-

ulate mast cell activation [24]. UCPs are implicated in the

neurodegenerative diseases including MPP? toxicity [25,

26]. Therefore, in the present study, we examined if MPP?

activate mast cells to release CCL2 and whether co-culture

of mast cells and astrocytes activate each other. Addi-

tionally, we also investigated if BMMCs express UCP4.

Materials and Methods

Materials

Dulbecco’s phosphate buffered saline (DPBS), Dulbecco’s

Modified Eagle Medium Nutrient Mixture F-12 (Ham)

(DMEM F12), Iscove’s Modified Dulbecco’s Medium

(IMDM), 2-Mercaptoethanol, GlutaMAX-1, Insulin–Trans-

ferrin–Selenium, penicillin streptomycin and fetal bovine

serum (FBS) were purchased from Life Technologies (Grand

Island, NY).Murine recombinant interleukin-3 (IL-3), human

IL-6 and human stem cell factor (SCF) were purchased from

PeproTech (RockyHill, NJ). Ficoll-Paque sterile solutionwas

from GE Healthcare Bio Sciences AB (Uppsala, Sweden).

AC133? cell isolation kit was fromMilltenyi Biotec (Auburn,

CA). Cell culture flasks and tissue culture plates were pur-

chased fromCostar (Corning Incorporated, andCorning,NY).

Enzyme-linked immunosorbent assay (ELISA) kits formouse

and human CCL2, was from R&D Systems (Minneapolis,

MN). Anti-uncoupling protein-2 polyclonal antibody (Cal-

biochem Millipore, San Diego, CA) and Rabbit polyclonal

UCP4 antibody were purchased from Novus Biologicals

(Littleton, CO). ImmPRESS reagent anti-rabbit Ig peroxidase

kits and ImmPACT DAB peroxidase kits were purchased

from Vector Laboratories (Burlingame, CA). C57BL/6 wild-

type mice were purchased from Charles River (Wilmington,

MA). We have previously generated GMF-knockout (GMF-

KO) mice in our laboratory and maintain a colony of these

transgenic mice for our studies [27]. Adenovirus constructs

were prepared at Gene Transfer Vector Core, University of

Iowa as reported earlier using a replication-defective human

adenovirus (serotype 5) vector. The constructs included either

a full-length rat GMF cDNA (Ad5CMV GMF) or a cyto-

plasmic lacZ cDNA (Ad5CMVcytolacZ). A control aden-

ovirus containing the CMV promoter but not expressing any

other protein was also used. Cytospin 4 was purchased from

Thermo Scientific (Runcorn, Cheshire, U.K). MPP? and

toluidine blue were purchased from Sigma (St. Louis, MO).

Mouse Primary Mast Cell Culture

Primary mouse bone marrow-derived mast cells (BMMCs)

were grown from bone marrow cells obtained from adult

wild type mice and GMF-KOmice as we and others reported

previously [22, 24, 28, 29]. Briefly, bone marrow cells were

removed and cultured in DMEM supplemented with IL-3

(10 ng/ml), 10 % heat-inactivated FBS, 1 % Penicillin–

Streptomycin, 20 lM 2-mercaptoethanol, 1 % L-glutamine

for 4–6 weeks in a 5 % CO2 incubator at 37 �C. Non-ad-
herent cells were removed twice each week with the addition

of new culture medium. About 97 % of the cells were mast

cells after 5 weeks of culture as identified by 0.1 % toluidine

blue staining [24]. Bone marrows from several mice were

pooled and cultured to get more mast cells. This study was

conducted according to the recommendations in the guide for

the care and use of laboratory animals of the National

Institutes of Health (NIH). This protocol was also approved

by the Committee on the Ethics of Animal Experiments of

the University of Iowa (Iowa City, IA).

Overexpression of GMF and Stimulation of Mouse

Mast cells with MPP1

Transient transfection to overexpress GMF in cultured mast

cells was carried out as reported earlier [17]. Briefly,

adenovirus constructs were prepared using a replication—

Neurochem Res (2016) 41:1042–1049 1043

123



defective human adenovirus (serotype 5) vector at the

University of Iowa Gene Transfer Vector Core. The con-

structs contained either a full-length rat GMF cDNA

(Ad5CMV GMF) or a cytoplasmic lacZ cDNA (Ad5CMV

cytolacZ). Viral dose of 20 multiplicity of infectivity

(MOI) was added to mast cells in serum-free and antibi-

otic-free DMEM/F12 medium for 4 h. After this infection

period, cells were washed once with DMEM/F12 and

plated again in tissue culture plates. MPP? (10 lM) was

added and incubated for an additional 24 h at 37 �C. In
mock-transfected controls, the above procedure was carried

out in the absence of virus. GMF was overexpressed as

mentioned above in BMMCs obtained from wild type mice

and GMF-KO mice. These mast cells were plated in sep-

arate 24 well culture plates at 0.5–1 9 106 cells/ml in

mouse mast cell culture medium and left overnight at

37 �C. The cells were then incubated with MPP? for 24 h.

After the incubation period, the culture supernatant media

was collected by centrifugation and stored at -80 �C.
CCL2 was assayed in these media using commercial

enzyme-linked immunosorbent assay (ELISA) kit.

Mouse Primary Astrocyte Culture

Pregnant C57BL/6 mice (wild-type and GMF-KO) were

sacrificed on day 16 to obtain embryos. Astrocytes were iso-

lated and cultured as we have previously reported [30–32].

Astrocyteswere grown inDMEM/F12mediumsupplemented

with 10 % FBS and 1 % penicillin/streptomycin at 37 �C in a

5 % CO2 and 95 % air atmosphere in tissue culture flasks.

Mouse Mast Cells and Mouse Astrocytes Co-Culture

BMMCs and primary mouse astrocytes from wild-type

mice were co-cultured as we reported previously [22].

These cells were plated to evaluate the effect of MPP?

(10 lM) stimulation individually on either mast cells or

astrocytes or in a co-culture system consisting of both mast

cells as well as astrocytes in the same wells. Cells were

incubated with MPP? for 24 h and the supernatant media

were collected by centrifugation. CCL2 level was mea-

sured in the supernatant media by colorimetric ELISA

which was read using a micro plate reader (Molecular

Devices, Sunnyvale, CA).

Human Primary Mast Cell Culture and Stimulation

with MPP1

Human umbilical cord blood-derived mast cells (hCBMCs)

were cultured as we have reported previously [22, 33, 34].

Briefly, human umbilical cord blood (20 ml or more) was

collected in anti-coagulant citrate phosphate dextrose

solution at the Department of Obstetrics and Gynecology

(University of Iowa Hospitals and Clinics, Iowa City, IA)

as approved by the Institutional Review Board of the

University of Iowa (IRB#200910784) [35]. Hematopoietic

stem cells (CD34?) were isolated by magnetic-associated

cell sorting (MACS) procedure using an AC133? cell

isolation kit. CD34? cells were cultured in IMDM sup-

plemented with 100–200 ng/ml SCF, 50 ng/ml IL-6, 10 %

FBS, 2-mercaptoethanol and 1 % penicillin–streptomycin

for 12–14 weeks in tissue culture flasks at 37 �C in a 5 %

CO2 incubator. Human mast cells cultured over 12 weeks

with[99 % purity as determined by tryptase staining were

used for the experiments. These hCBMCs were incubated

with MPP? (10 lM) for 24 h at 37 �C. Then the super-

natants were collected and assayed CCL2 levels by ELISA.

Immunocytochemistry (ICC) for UCP4 and UCP2

in Mouse Primary Mast Cells

Cytospin smears of BMMCs obtained from wild-type mice

were prepared using a Cytospin 4 cytocentrifuge. These

smears were immunostained for the expression of UCP4

and UCP2 using rabbit polyclonal UCP4 antibody and

rabbit anti-uncoupling protein-2 polyclonal antibody,

respectively. ICC was carried out using ImmPRESS

reagent anti-rabbit Ig peroxidase kit and ImmPACT DAB

peroxidase substrate kit as reported previously [22].

Negative staining controls were performed without primary

antibodies to exclude any non-specific staining reactions.

DAB peroxidase substrate produces brown color with

positive reactions indicating the presence of UCPs.

Statistical Analysis

Results were analyzed by GraphPad InStat 3 software. Data

were presented as mean ± SEM and analyzed using One-

way Analysis of Variance (ANOVA) followed by Tukey–

Kramer multiple comparison tests to determine statistically

significant differences between the groups. Unpaired t test

was used when comparing only two groups. A p value of

\0.05 was considered statistically significant.

Results

MPP1 Activates Mouse Primary Mast Cells

and Release CCL2

BMMCsobtained fromwild typemicewere incubatedwith or

without MPP? (10 lM) for 24 h at 37 �C. The supernatant

media were collected and CCL2 release was measured by

ELISA (n = 6). MPP? significantly (p\ 0.05) increased

CCL2 release from BMMCs obtained from wild type mice

(Fig. 1). Next, BMMCs obtained from wild-type mice were
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infected with Ad5CMV GMF to overexpress GMF or

Ad5CMV cytolacZ as control. MPP? also increased CCL2

release from LacZ V and GMF-V infected BMMCs when

compared with their respective MPP? untreated conditions

(Fig. 1). BMMCs released more CCL2 after GMF overex-

pression with GMF-V as compared to LacZ-V treated cells

(Fig. 1). Further, we also infected BMMCs obtained from

GMF-KO mice with Ad5CMV GMF to overexpress GMF or

Ad5CMV cytoLacZ as control. These cells were then incu-

batedwith orwithoutMPP? (10 lM) for an additional 24 h at

37 �C. Then the supernatant media were collected and mea-

sured for CCL2 release by ELISA (n = 4). MPP? increased

the release of CCL2 from control BMMCs and LacZ-V

BMMCs but the increase were not significant (Fig. 2). How-

ever, MPP? significantly (p\ 0.05) increased CCL2 release

fromGMF-V infectedBMMCswhen comparedwithGMF-V

control without MPP? treatment (Fig. 2).

Mouse Primary Mast Cells and Mouse Primary

Astrocytes Co-Culture Enhances CCL2 Release

with MPP1 Stimulation

BMMCs and astrocytes were obtained from wild-type

mice. The effect of MPP? (10 lM) stimulation for 24 h on

either BMMCs or astrocytes or in an astrocyte BMMCs co-

culture system was determined by analyzing CCL2 release

in the culture supernatant media (n = 4). MPP?-induced

significantly more (p\ 0.05) CCL2 release from BMMCs

and astrocytes as compared with control cells treated with

only buffer. Further, results showed more CCL2 release

from astrocyte and mast cell co-culture conditions than

released either from astrocytes culture alone or BMMCs

culture alone after incubation with MPP? (Fig. 3).

MPP1 Activates Human Mast Cells and Releases

CCL2

In another set of experiments, we incubated hCBMCs with

MPP? (10 lM) for 24 h and CCL2 release was measured in

the culture supernatant by ELISA (n = 4). MPP? signifi-

cantly (p\ 0.05) increased CCL2 release from hCBMCs as

compared to the release from control mast cells treated only

with buffer (Fig. 4).

Mouse Primary Mast Cells Express UCP4

as Determined by ICC

We have analyzed the expression of UCP4 and UCP2 in

the cytospin smears of BMMCs by ICC (n = 3). We

demonstrate that BMMCs were positive (brown color) for

both UCP4 (upper panel) as well as UCP2. Negative

staining controls performed without primary antibodies did

not stain positive for UCPs (Fig. 5). We stained UCP2 to

compare with the UCP4 staining.

Discussion

In the present study, we demonstrate that MPP?-induced

mouse primary mast cells and human mast cells to release

CCL2. Incubation of mouse mast cells obtained from wild-

Fig. 1 Effect of MPP? on CCL2 release from mouse primary mast

cells obtained from wild-type mice. BMMCs obtained from wild-type

mice were infected with Ad5CMV GMF to overexpress GMF or

Ad5CMV cytoLacZ as control. These cells were then incubated with

or without MPP? (10 lM) for 24 h at 37 �C. CCL2 levels were

measured in the supernatant media were by ELISA (n = 6). MPP?

significantly increased the release of CCL2 from BMMCs. MPP? also

increased CCL2 release from LacZ V and GMF-V infected BMMCs

when compared with their respective MPP? untreated conditions.

BMMCs released more CCL2 after GMF overexpression with GMF-

V when compared to LacZ-V control. *p\0.05, compared to

respective unstimulated control cells, ANOVA and Tukey–Kramer

Fig. 2 Effect of MPP? on CCL2 release from mouse primary mast

cells obtained from GMF-KO mice. We infected primary BMMCs

obtained from GMF-KO mice with Ad5CMV GMF to overexpress

GMF or Ad5CMV cytolacZ as control. These cells were incubated with

or without MPP? (10 lM) for 24 h at 37 �C. Then the supernatant

media were collected and measured CCL2 release by ELISA (n = 4).

MPP? significantly increased CCL2 release from GMF-V infected

BMMCs when compared with GMF-V control. *p\0.05, compared to

respective unstimulated cells, ANOVA and Tukey–Kramer
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type mice released significantly more CCL2 as compared

to mouse mast cells obtained from GMF-KO mice. Further,

we show that overexpression of GMF increases CCL2

release from BMMCs. Additionally, MPP? released more

CCL2 in BMMC plus astrocyte co-culture conditions. We

also report the expression of UCP4 in mouse mast cells.

Recently we have shown that MPP?-induced IL-1b, TNF-
a, IL-8, CCL5 and b-hexosaminidase from BMMCs/

hCBMCs and suggested that mast cells could play role in

PD pathogenesis [22]. Mast cells participate in the regu-

lation of innate and adaptive immune responses [36]. They

are distributed in all the tissues including the brain [37, 38]

and are implicated in neuroinflammation [1]. Most of the

mast cells are generally localized on the brain side of the

blood vessel and communicate with microglia, astrocytes

and neurons [39]. Mast cells are co-localized adjacent to

glial cells in the brain indicating the presence of interac-

tions between these cells. Mast cells contribute to both

normal cognition, emotionality, sleep and fundamental

neurobehavioral functions, but also promote deleterious

effects in the brain [40]. The number as well as activation/

degranulation status of mast cells in the brain vary with

species, age, external environment and the techniques to

detect [39]. In the normal human brain without stress,

disease or trauma mast cells are less in number. However,

even smaller number of activated mast cells can impact

vascular, microvascular and perivascular structures as well

as neurons, astrocytes and microglial activation [39].

Normally mast cells can move through blood–brain-barrier

(BBB) and also traverse the blood-spinal cord and BBB in

disease conditions [41]. Recent reports have suggested that

mast cells induce neuroinflammation by releasing proin-

flammatory cytokines, chemokines and other inflammatory

mediators including TNF-a, IL-1b, IL-6, CCL2, histamine,

reactive oxygen species (ROS), reactive nitrogen species

Fig. 3 Effect of MPP? on Mouse primary mast cells and mouse

astrocyte co-culture. BMMCs and mouse astrocytes were co-cultured

in tissue culture plates to evaluate the effect of MPP? (10 lM)

stimulation individually on either BMMCs or astrocytes or in a co-

culture system consisting of both BMMCs and astrocytes in the same

wells (n = 4). Cells were incubated with MPP? for 24 h and CCL2

levels were measured in the supernatant media by ELISA. More

CCL2 release was observed from astrocyte and BMMCs co-culture

system than released either from astrocytes culture alone or BMMCs

culture alone after incubation with MPP?. #p\0.05, compared to

astrocytes ? MPP? or BMMCs ? MPP?. *p\0.05, compared to

respective unstimulated control cells, ANOVA and Tukey–Kramer

Fig. 4 MPP? activates human mast cells and release CCL2.

hCBMCs were incubated with MPP? (10 lM) for 24 h and the

release of CCL2 was measured in the culture supernatants by ELISA

(n = 4). MPP? significantly increased (p\ 0.05) CCL2 release from

hCBMCs as compared to the release from control hCBMCs treated

only with buffer. *p\0.05, control versus MPP?, unpaired ‘t’ test

Fig. 5 UCP4 expression in mouse primary mast cells. Cytospin

smears of BMMCs were prepared and immunostained for the

expression of UCP4 and UCP2 (n = 3). We show the expression of

UCP4 (upper panel) by BMMCs in addition to UCP2 (lower panel).

Positive immunoreactivity was detected by brown colour. Negative

control staining without primary antibodies did not show positive

reaction for UCPs. Original magnification 9400 (Color figure online)
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(RNS) and nitric oxide (NO) [32, 38, 42–44]. CCL2 is

expressed in astrocytes, microglia and neurons and is an

important chemokine implicated in the pathogenesis of

neurodegenerative diseases including PD [45]. Although

the levels of cytokines/chemokines are less in the normal

brain, aberrant expression occurs in neuroinflammatory

conditions. CCL2 recruits leukocytes at the site of

inflammation in the brain and also cause opening of BBB

[46, 47]. CCL2 released from mast cells in response to

MPP? could increase the infiltration of other inflammatory

cells into the brain in PD pathogenesis. CCL2 released

from mast cells could also contribute to the elevated levels

of CCL2 observed in PD and in MPTP-induced animal

model of PD [45, 48]. Our present report that MPP? acti-

vates mast cells and induces the release of CCL2 is similar

to our recent demonstration that MPP? induces CCL2

release from mouse astrocytes in vitro [8]. Increased CCL2

level in PD has been suggested as a neuroprotective

mechanism since CCL2 attracts inflammatory cells to the

site of inflammation. However, significant increase of

CCL2 could result in over-infiltration of inflammatory cells

thereby inducing neuroinflammatory pathways and neu-

ronal death. Astrocytes can be activated by mast cells

through CD40-CD40 ligand interactions in the in vitro co-

culture system [1, 28, 41]. It is known that activated

astrocytes release GMF. We have previously shown that

GMF activates BMMCs to release inflammatory mediators

including CCL2 [22]. GMF from mouse astrocytes could

activate mouse mast cells in the in vitro co-culture system

in addition to exogenous MPP?.

Our present results show reduced CCL2 release in

BMMCs obtained from GMF-KO mice which is in agree-

ment with our previous findings that GMF is involved in

proinflammatory mediators release from glial cells and

mediates neuroinflammation [14, 49–51]. We have also

previously shown reduced expression of inflammatory

cytokines from astrocytes and microglial cells obtained

from GMF-KO mice as compared to glial expression from

wild-type mice and return of increased levels in GMF-KO

cells reconstituted to overexpress GMF with an adenoviral

construct [52]. Similarly, the overexpression of GMF in

BMMCs in the current study showed increased CCL2

release. This increased release could be due to the activa-

tion of p38 mitogen-activated protein kinase (p38 MAPK)

and nuclear factor kappa-B (NF-kB) signaling pathways as

we have previously reported [14, 30]. We recently showed

that GMF-deficiency in astrocytes upregulates antioxidant

level and reduces the production of ROS in MPP?-induced

toxicity [8]. Our another study showed that absence of

GMF suppresses dopaminergic neuronal loss, glial activa-

tion, and expression of inflammatory mediators in the SNpc

and striatum of MPTP treated mice [15]. We also recently

demonstrated MPP?-induced dopaminergic neuronal loss

in primary cultures of the mouse mesencephalic neurons/

glia obtained from GMF-KO and wild-type mice [53]. We

found that lack of GMF in GMF-KO neurons/glia led to

decreased production of ROS, TNF-a, IL-1b as compared

to wild-type neurons/glia. Further, overexpression of GMF

induced dopaminergic neurodegeneration [8]. These pre-

vious findings support our current findings that GMF reg-

ulates MPP?-induced neurotoxicity in mast cells.

Mitochondrial dysfunction is involved in the neurode-

generative diseases progression [54]. UCPs are inner

mitochondrial proteins that protect neurons by reducing the

production of free radicals. Five members (UCP1-5) of the

UCP family proteins have been identified. UCPs de link

ATP production from biofuel oxidation in the mitochondria

and reduces oxidative stress [26]. We have previously

reported the expression of UCP2 in the mast cells but the

expression of UCP4s is not yet reported in these cells.

Moreover, we have recently reported that mast cells could

mediate neuroinflammation in PD [22]. Therefore, the

present study was carried out to demonstrate the expression

of UC4 in mouse primary mast cells. We also stained

UCP2 to compare with the expression of UCP4. We report

the expression of UCP4 in BMMCs by immunohisto-

chemistry and in the future we will analyze the UCPs

expression dynamics in mast cells after treating with

MPP?. Both UCP2 and UCP4 protect neurons from mito-

chondrial dysfunction, oxidative damage, cell survival,

preserving ATP synthesis and implicated in neurodegen-

eration in PD [26, 55]. Previous study showed that over-

expression of UCPs protected neurons after MPP? and

dopamine-induced toxicity [26]. UCP4 is primarily

expressed in the brain and is neuroprotective [56]. Over-

expression of UCP4 in mast cells could protect neurons in

PD and other neurodegenerative diseases. UCP4 preserves

mitochondrial depolarization and decreases oxidative stress

against MPP? toxicity in SH-SY5Y cells [56]. Overex-

pression of UCP4 was also shown to suppress apoptosis,

regulate calcium homeostasis, and reduce oxidative stress

[26, 56]. Macrophages overexpressing UCP2 produce less

ROS in response to lipopolysaccharides [57]. UCP2 is

expressed in lymphocytes, dendritic cells, neutrophils and

macrophages [58]. Now we report that BMMCs express

UCP4. We have previously shown that UCP2-/- BMMCs

have greater release of proinflammatory molecules his-

tamine, IL-6 and prostaglandin D2 (PGD2) release and

ERK phosphorylation after activation [24]. Overexpression

of UCP2 in LAD2 human mast cells reduced histamine

release when activated [24]. Our previous and other studies

suggested that UCP2 is a novel regulator of mast cell

function with implications for treatment of mast cell-me-

diated inflammatory diseases including neurodegenerative

and autoimmune diseases [24, 26] and the current results

show that UCP4 expression dynamics in mast cells could
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also regulate PD pathogenesis. In conclusion, neurotoxin

MPP? activates mast cells to release CCL2 which is

implicated in the pathogenesis of PD.
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