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Secretogranin III may be an indicator of paraquat-induced
astrocyte activation and affects the recruitment
of BDNF during this process
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Abstract. Astrocyte activation has been described as a
multi-stage defensive response, which is characterized by the
morphological alteration of astrocytes and the overexpression
of intermediate filament proteins. However, the functional
mechanism of the secretion system in activated astroglia
remains unclear. It has previously been demonstrated that
secretogranin II, a member of the granin family, may be
involved in the sorting and expression of inflammatory factors
and excitatory neurotransmitters in paraquat (PQ)-induced
astroglial activation. Secretogranin III (SCG3) has been
reported to represent an important component of the regulated
secretory pathway in neuroendocrine cells; however, its role as
an anchor protein of dense-core vesicles in astrocytes remains
to be elucidated. In the present study, a PQ-activated U118MG
astrocytoma cell model established in our previous study was
used to investigate the effects of SCG3. The results revealed
that SCG3 was highly expressed and subsequently released
from cells in response to PQ. Inhibition of SCG3 expression
via transfection with small interfering RNA partially restored
astrocyte morphology, but did not affect the expression of
astrocytic factors. Further studies investigating the associa-
tion between SCG3 and other cellular factors were conducted,
in order to determine the expression levels and subcellular
localization of these proteins. Neurotrophins and inflamma-
tory factors exhibited an increase in characteristic expression
patterns, paralleling the alterations in SCG3 expression. The
results further demonstrated that brain-derived neurotrophic
factor partially colocalized with SCG3-positive vesicles;
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however, the localization of interleukin-6 was not affected.
In conclusion, SCG3 may be involved in PQ-induced astro-
cyte activation via regulation of the expression and selective
recruitment of cellular factors, thus suggesting that SCG3 may
represent an indicator of astrocyte activation.

Introduction

Astrocytes represent housekeeper cells in the central nervous
system (CNS), and participate in CNS development and
homeostatic regulation by secreting a wide array of signaling
molecules, including classical neurotransmitters, hormone
peptides, neurotrophins and inflammatory factors (1,2). The
neuroprotective and/or harmful roles of astrocytes depend
largely on the molecules they release into, and take up from,
the extracellular microenvironment (3). In addition, reactive
astrogliosis is a multistage defensive response that has been
observed in acute injuries, such as trauma and ischemic
damage, and progressive pathological conditions, including
neuroinflammation and neurodegeneration in the CNS. This
process is characterized by the alteration of intermediate fila-
ment proteins, such as glial fibrillary acidic protein (GFAP)
and vimentin (4,5). In addition, it has previously been reported
that various categories of functional genes and molecules
are modulated by activated astrocytes in vivo and in vitro,
including inflammatory cell regulators, extracellular transmit-
ters and neurotrophic factors (6).

The granin family, which comprises markers of the regu-
lated secretory pathway, contains numerous acidic proteins,
including chromogranin A (CgA), chromogranin B and
secretogranin II-VII. The granins are located in the secre-
tory granules of various endocrine and neuroendocrine cells,
and are involved in numerous neurological diseases (7-9).
Secretogranin III (SCG3) participates in the early processing
of peptide hormones within the trans-Golgi network and
the subsequent secretion of these peptide hormones via
the regulated secretory pathway (10). By binding with CgA
and carboxypeptidase E (CPE) at specific domains, SCG3
acts as a molecular bridge between the core aggregate
and the cholesterol-rich secretory granule membrane, and
it is regulated for efficient secretion and processing of
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proopiomelanocortin (POMC)-derived peptides in endocrine
cells (11,12). Furthermore, SCG3 has been reported to be asso-
ciated with the regulated secretory pathway in numerous types
of non-endocrine cells, such as mast cells and platelets (13,14).
Previous studies have confirmed abundant expression of SCG3
in astrocytes and neuronal populations (15,16). In addition,
SCG3 has been reported to be involved in neuropathology,
such as in major depressive disorder, multiple sclerosis and
Alzheimer's disease (AD); however, its potential role in the
pathogenesis and progression of nervous system dysfunction
has yet to be determined (17,18).

The common pesticide paraquat (PQ), together with
6-hydroxydopamine, 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP) and rotenone, has been extensively used
to induce the pathology of Parkinson's disease in previous
experiments (19-21). In our previous studies, a PQ-activated
Ul118MG astrocytoma cell model was established, and it was
observed that secretogranin II (SCG2), another member of
the granin family, was partially involved in the expression
and sorting of inflammatory factors and neurotransmitters in
astroglial activation. The secretory pathway component SCG3
has previously been demonstrated to act as a caspase substrate
in PQ-induced dopaminergic cell apoptosis, and its transport is
disrupted following PQ-induced toxicity (16,22,23). However,
its role as an anchor protein of dense-core vesicles (DCVs)
remains to be elucidated. Therefore, in the present study, the
PQ-activated astroglial activation model was used to investi-
gate the role of SCG3 in this process.

Materials and methods

Materials. Dulbecco's modified Eagle's medium (DMEM),
penicillin, streptomycin and fetal bovine serum (FBS) were
obtained from Gibco; Thermo Fisher Scientific, Inc. (Waltham,
MA, USA). PQ dichloride and Hoechst 33258 were purchased
from Sigma-Aldrich; Merck KGaA (Darmstadt, Germany).
RNAiso Plus, PrimeScript RT Reagent kit and SYBR
Prime EX Taq were obtained from Takara Biotechnology
Co., Ltd. (Dalian, China). The Bicinchoninic Acid Protein
Assay kit, SDS-PAGE gel preparing kit, bovine serum
albumin (BSA), radioimmunoprecipitation assay (RIPA)
lysis buffer and protease inhibitor were purchased from
Beyotime Institute of Biotechnology (Shanghai, China), and
the Easysee chemiluminescence reagent was obtained from
TransGen Biotech, Co., Ltd. (Beijing, China). Polyvinylidene
difluoride (PVDF) membranes were purchased from Merck
KGaA. Antibodies against f-actin (cat. no. sc-47778) and
SCG3 (cat. no. sc-50289) were obtained from Santa Cruz
Biotechnology, Inc. (Dallas, TX, USA), and anti-GFAP
(cat. no. WL0836) and anti-S100-calcium binding protein
(S100pB; cat. no. WL00789) antibodies were purchased from
Wanleibio Co., Ltd. (Shenyang, China). Anti-interleukin
(IL)-6 (cat. no. ab9324) and anti-brain-derived neurotrophic
factor (BDNF; cat. no. HO0000627-M02) were purchased
from Abcam (Cambridge, MA, USA) and Abnova (Taipei,
Taiwan), respectively. In addition, Alexa Fluor® 594-conju-
gated donkey anti-rabbit immunoglobulin G (IgG) secondary
antibody (cat. no. A-21207), Alexa Fluor® 488-conjugated
goat anti-mouse IgG secondary antibody (cat. no. A-11029)
and Lipofectamine® 3000 were purchased from Invitrogen;
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Thermo Fisher Scientific, Inc. SCG3 small interfering RNAs
(siRNA_001-003) and the negative control (NC) siRNA
(cat. no. siN05815122147) were obtained from Guangzhou
RiboBio Co., Ltd. (Guangzhou, China).

Cellline.Human astrocytoma U118MG cells (cat.no. TCHu216)
were obtained from Shanghai Institutes for Biological Science
(Shanghai, China), and grown in DMEM High Glucose,
supplemented with 10% FBS and 1% penicillin-streptomycin
(10,000 U/ml and 10,000 ug/ml v/v, respectively). Ul118MG
astroglia (5x10°) were seeded in 10 cm? tissue culture dishes,
grown at 37°C in a humidified incubator containing 5% CO,,
and were exposed to 0.25 mM PQ for 48 h, in order to establish
an activated astroglia model, as described previously (23). PQ
treatment was performed in accordance with ISO 15190:2003
Medical laboratories-Requirements for safety (24).

Western blotting. Cultured cells treated with 0.25 mM PQ
at 37°C for various durations (0-96 h) were homogenized
in ice-cold RIPA with protease inhibitor. Subsequently,
protein concentration was detected using the bicinchoninic
acid method. In order to collect the conditioned media, cells
were grown in serum-starved medium and were treated with
0.25 mM PQ at 37°C for 0-96 h; the medium containing
PQ was replaced every 24 h. Subsequently, the supernatant
was separated after centrifugation at 2,000 x g for 5 min to
remove dislodged cells. The post-nuclear lysate (30 ug/lane)
and secretory proteins in conditioned media (30 ul/lane) were
separated by 10% SDS-PAGE and were transferred to PVDF
membranes. The membranes were then blocked in a solution
containing 5% non-fat milk powder in Tris-buffered saline
containing 0.05% Tween-20 (TBST) for 2 h at room tempera-
ture. Subsequently, the membranes were incubated with
anti-p-actin (1:1,000) and anti-SCG3 (1:100) primary anti-
bodies in blocking buffer overnight at 4°C. After three washes
in TBST, the membranes were incubated for a further 2 h at
room temperature with peroxidase-conjugated goat anti-mouse
antibody (1:5,000; cat. no. ZB-2305) and peroxidase-conju-
gated goat anti-rabbit antibody (1:2,000; cat. no. ZB-2301)
(both ZSGB-BIO Technologies, Inc., Beijing, China). Bound
antibodies were visualized via Easysee chemiluminescence
reagent using a 5500 Luminescent imaging workstation
(Tanon Science & Technology Co., Ltd., Shanghai, China).
Densitometric analyses of the bands were semi-quantified
using ImageJ software V1.8.0 (National Institutes of Health,
Bethesda, MD, USA), with 3-actin as an internal reference.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Cultured cells were treated with 0.25 mM
PQ at 37°C for 0-72 h. To perform RT-qPCR experiments,
total RNA was isolated from cultured astroglia using RNAiso
Plus, in accordance with the manufacturer's protocol. The
obtained RNA was then reverse transcribed to cDNA using
a PrimeScript™ RT Reagent kit in a 20-u] reaction mixture
containing 4 ul 5X PrimeScript buffer, 1 xl PrimeScript RT
Enzyme Mix I, 1 pl Oligo dT Primer, 1 ¢l Random 6 primers
and 1 pg total RNA, under the following thermocycling condi-
tions: 37°C for 15 min followed by 85°C for 5 sec, in accordance
with the manufacturer's protocol. Subsequently, cDNA
was amplified using SYBR Prime EX Taq via an ABI 7500
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Real-Time PCR system (Applied Biosystems; Thermo Fisher
Scientific, Inc.) with the following primers: SCG3 forward,
5'"TGTTAGTGCTCCCGATTCAAG-3' and reverse, 5-TCA
AAGGTCTTTCTGCACTTAATTC-3'; and B-actin forward,
5'-AGATGACCCAGATCATGTTTG-3' and reverse, 5'-ATC
ACGATGCCAGTGGTA-3". The thermocycling conditions
used were as follows: Initial denaturation at 95°C for 30 sec,
followed by 40 cycles at 95°C for 5 sec and 60°C for 34 sec.
Each sample was tested in triplicate wells and the experiment
was repeated at least three times. 3-actin was used as an
internal reference, and a positive PCR control was performed.
The results were quantified using in the 2244 method (25).

Transfection with siRNA. U118MG cells (cell density ~70%)
were transfected with SCG3 siRNA or NC siRNA (~100 nM)
using Lipofectamine® 3000 and were treated with PQ imme-
diately after transfection; RT-qPCR was conducted 48 h later
to confirm successful knockdown of SCG3 mRNA in vitro. A
total of 48 h post-transfection, total RNA was isolated, and the
mRNA expression levels of SCG3 and other astrocytic factors
were determined using RT-qPCR. The primers used for the
amplification of astrocytic factors were described in a previous
study (23). The sequences of the most efficient SCG3 siRNA
(siRNA_002) were: Sense, 5'-GAACAATATCTCCAGAAG
AdTdT-3', and antisense, 5'-UCUUCUGGAGAUAUUGUU
CdTdT-3" In addition, cell morphology was observed under
phase contrast microscopy (Leica Microsystems, Inc., Buffalo
Grove, IL, USA) post-transfection with SCG3 siRNA.

Fluorescence microscopy. Cultured cells were grown on
sterile glass cover slips at 37°C overnight. After incubation
under experimental conditions (control or 0.25 mM PQ-treated
for 48 h), cells were washed twice with PBS containing 1| mM
MgCl, and 1 mM CaCl, (CM), and were fixed with 4% parafor-
maldehyde solution for 15 min. For permeabilization, the fixed
cells were washed in PBS/CM and were incubated for 10 min
at room temperature with 0.2% Triton X-100 in PBS/CM.
After three washes with PBS/CM, the cells were blocked with
PBS/CM containing 0.2% BSA for 30 min at room tempera-
ture. The cells were subsequently incubated with anti-S100,
anti-GFAP, anti-SCG3 and/or anti-IL-6 and anti-BDNF
antibodies (1:50 in PBS/CM containing 0.2% BSA) overnight
at 4°C. After three further washes with PBS/CM, the cells
were incubated with Alexa Fluor® 488-conjugated secondary
antibody (1:2,000 in PBS/CM) and/or Alexa Fluor® 594-conju-
gated secondary antibody (1:2,000 in PBS/CM) for 1 h at room
temperature. Finally, the cells were washed three times with
PBS/CM and incubated with Hoechst 33258, in accordance
with the manufacturer's protocol. The cells were observed
under a fluorescence microscope or confocal microscope (Leica
Microsystems, Inc.). Semi-quantitative data were obtained
from at least five randomly selected visual fields from the three
different assays. Identical acquisition parameters were applied
when cells were labeled with the same antibody. The process
by which the number of cells were counted was double-blind
and the labeled cell body areas were measured using ImageJ
software V1.8.0 (National Institutes of Health), according to
the methods described in a previous study (26). Colocalization
was measured using the Co-Localization function of Image
Pro Plus 6.0 software (Media Cybernetics, Inc., Rockville,
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MD, USA). Finally, the density of each image was normalized
against the mean value of the controls and presented as arbi-
trary units of the control. Pearson's correlation coefficient and
the overlay percentage of SCG3 expression from five images
per condition were used to determine colocalization.

Statistical analysis. For statistical analysis, all quantitative data
were collected from at least three independent experiments
and the final data were expressed as the means + standard
deviation. Statistically significant differences between three or
more groups were determined via one-way analysis of variance
followed by Dunnett's post hoc test using GraphPad Prism 6
(GraphPad Software, Inc., La Jolla, CA, USA). The differences
in immunofluorescence between the PQ-treated group and
the control group were determined using the Student's t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

mRNA and protein expression levels of SCG3 are upregulated
in PQ-activated UlISMG astroglia. In our previous study,
a PQ-activated U118MG astroglia model was established
in vitro; the results revealed that the cell cycle and expression
levels of astrocytic factors are markedly altered following
treatment with PQ (23). To further investigate the activity of
U118MG astroglia, the expression levels of GFAP and S100,
which are commonly used as markers of astroglial activation,
were determined in the present study. As presented in Fig. 1,
the results of a cell immunofluorescence analysis revealed that
GFAP and S100f proteins were overexpressed in U118MG
astroglia following 48 h of PQ treatment, thus suggesting that
the cells were in a state of activation (Fig. 1A and B).

The expression levels of the regulated secretory pathway
component SCG3 were subsequently investigated. The results
of RT-qPCR revealed that the mRNA expression levels of
SCG3 were significantly increased (2.1-fold) at 48 h, and were
slightly decreased at 72 h compared with at 48 h (Fig. 2A).
Furthermore, the protein expression levels of SCG3 were
significantly increased at the 48 h time point and continued
to gradually increase in a time-dependent manner, which
was mostly consistent with the mRNA expression results
(Fig. 2B and C).

Subcellular localization and secretion of SCG3 are altered
in PQ-activated UIISMG astroglia. In the present study,
the effects of PQ on the morphology of UI18MG cells were
investigated; the results demonstrated that the mean number of
cell processes and area of cell bodies were markedly increased
following treatment with PQ for 48 h, thus suggesting that
the astroglia developed a hypertrophic and bushy phenotype
following activation (Fig. 3A). Subsequently, the expres-
sion and distribution of SCG3 at the subcellular level were
determined via immunofluorescence. The results revealed
that SCG3 was abundantly expressed and distributed evenly
throughout the cytoplasm and processes of U118MG cells.
However, when astroglia were activated by PQ, the relative
fluorescence intensity of SCG3 was markedly increased.
Morphologically, punctate-patterned SCG3 markedly accu-
mulated in the perinuclear region in hypertrophic Ul118MG
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Figure 1. Reactivity of PQ-activated astroglia. (A) Astrocytic cytoskeletal markers, GFAP and S100f, were immunostained in U118MG astroglia (red) before
and after PQ treatment. Nuclei were counterstained blue with Hoechst 33258. Scale bar, 200 ym. (B) Semi-quantification of the relative expression levels of
GFAP and S100B was performed using ImageJ software. Data are presented as the means + standard deviation (n=5). “P<0.05, “P<0.01 and "“P<0.001. GFAP,

glial fibrillary acidic protein; PQ, paraquat; S1008, calcium-binding protein f3.
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Figure 2. mRNA and protein expression levels of SCG3 in PQ-activated astroglia.
(A) SCG3 mRNA expression was analyzed via reverse transcription-quantita-
tive polymerase chain reaction following treatment with PQ; f-actin was used
as an internal reference gene. (B) SCG3 protein expression in U118MG astroglia
following PQ treatment was analyzed by immunoblotting (30 ug total protein
loaded per well). (C) Protein expression levels of SCG3 were semi-quantified by
densitometric analysis and were normalized to (3-actin. Data are presented as the
means + standard deviation (n=3). "P<0.05, “P<0.01 and "“P<0.001 compared
with the control group. PQ, paraquat; SCG3, secretogranin I11.

astroglia (Fig. 3B and C), thus indicating that a large number
of SCG3-positive vesicles was rapidly synthesized in the cells
following treatment with PQ. In addition, to determine the
levels of SCG3 protein secreted from PQ-activated astroglia,
conditioned culture media were collected at intervals of 24 h
and were further analyzed. When equal volumes of media
were loaded, it was revealed that levels of externally secreted
SCG3 were increased in activated astroglia between 24 and
72 h (Fig. 3D and E).

SCG3 knockdown partially attenuates PQ-induced alterations
to astrocytic morphology, but does not affect the expression
levels of astrocytic factors. To further confirm the involvement
of SCG3 in PQ-stimulated U118MG astroglial activation, the
effects of PQ on SCG3 and astrocytic factor expression were
determined after knockdown of SCG3 via siRNA transfec-
tion. Firstly, the efficiency of three candidate SCG3 siRNAs
(siRNA_001-003) was investigated, and the siRNA that
exerted the most marked effect (siRNA_002) was selected
for use in subsequent experiments (Fig. 4A). The results, as
observed by phase contrast microscopy revealed that swelling
of Ul18MG cells was partially attenuated by transfection
with SCG3 siRNA (Fig. 4B). The RT-qPCR results revealed
that SCG3 expression was markedly decreased (0.22-fold)
following transfection with SCG3 siRNA compared with the
NC group (P<0.05). In subsequent experiments, Ul18MG
cells were treated with 0.25 mM PQ immediately after SCG3
siRNA transfection; RT-qPCR was conducted after 48 h. The
results demonstrated that SCG3 expression was significantly
decreased in the siRNA_002 + PQ group compared with in
the PQ group (P<0.05; Fig. 4C). Furthermore, the expression
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Figure 3. Subcellular localization and secretion of SCG3 in PQ-activated astroglia. (A) Mean number of cell processes and cell body area were determined
using a double-blind method and Image]J software (n=5). (B) U118MG cells were fixed and immunostained to determine subcellular localization of SCG3 (red).
(C) Semi-quantification of the relative fluorescence intensities of SCG3 was performed using ImagelJ software (n=5). (D) Basal and PQ-stimulated release of
SCG3 from UI18MG cells at 24 h intervals as analyzed by immunoblotting (30 1 conditioned medium was loaded). (E) SCG3 secretion was semi-quantified
by densitometric analysis (n=3). Data are presented as the means + standard deviation. "P<0.05, “P<0.01 and "“P<0.001 compared with the control group.

PQ, paraquat; SCG3, secretogranin III.

levels of various astrocyte-derived factors were investigated
following SCG3 knockdown in the present study, including
GFAP, S100p, glutamine synthetase (GS) and glutamate
transporter (GLT-1) astrocyte-specific proteins; BDNF and
glial-derived neurotrophic factor (GDNF) neurotrophic
factors; and tumor necrosis factor (TNF-o), IL-1p and IL-6
inflammatory cytokines (Fig. 4D). However, no significant
alterations in the mRNA expression levels of these factors
were detected between the SCG3 knockdown group and the
NC group.

Intracellular SCG3-positive DCVs may participate in the
trafficking of BDNF and IL-6 in PQ-activated astroglia. It has
previously been reported that there are numerous DCV variants
present in astrocytes (27); however, whether SCG3-positive
DCVs are present in astroglia remains unknown. Despite
the present results revealing that there were no marked asso-
ciations between SCG3 and gliotransmitters (data not shown),
other potential associations between neurotrophic BDNF and
neuropoietic cytokine IL-6 with SCG3-positive DCVs were
investigated via colocalization analysis in PQ-treated U118MG
astroglia. In PQ-activated astroglia, co-distribution of BDNF

immunoreactivity with SCG3-positive vesicles was observed,
and a vesicular pattern of both BDNF and SCG3 staining was
visualized in the perinuclear space and cytoplasm. However,
overlap of IL-6 and SCG3 expression was only observed in
the perinuclear region, which may be due to early synthesis
of the corresponding proteins in the endoplasmic reticulum
(ER; Fig. 5A). In Pearson's correlation coefficient analysis, the
overlapping was determined by colocalization index: 0.0-0.2
is considered to indicate an extremely weak or no correlation,
whereas 0.2-0.4 and 0.4-0.6 are considered weak and moderate
correlations, respectively. In the control groups, slight colocal-
ization was demonstrated between BDNF and SCG3, IL-6 and
SCG3 (0.23 and 0.1, respectively). However, the colocaliza-
tions were increased following PQ treatment (0.43 and 0.34,
respectively). Furthermore, when the percentage of overlay
in the cytoplasm and processes was measured, the overlay
of SCG3 with BDNF following PQ-induced activation was
increased from 13 to 20.5% (P<0.05), whereas the overlay of
SCG3 with IL-6 was increased from 7.4 to 8.8% (Fig. 5B).
These results indicated that SCG3 DCVs possibly affect the
recruitment of BDNF, but not IL-6, in U118MG cells during
PQ-induced astrocyte activation.
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Figure 5. Co-staining of IL-6 and BDNF with SCG3-positive DCVs. (A) U118MG cells were fixed and immunostained following PQ treatment, in order to
determine subcellular distribution of SCG3-positive DCVs (red) and BDNF (green). Overlap of SCG3 and BDNF expression was observed in the perinuclear
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Discussion

At present, GFAP is the most commonly used hallmark
for astrocyte activation; however, GFAP overexpression
is not always observed during the activation of all astro-
cytes. For example, astrocytes activated by ATP, IL-1 and
MPTP may express unmodified and even decreased levels
of GFAP (28-30). In addition, the role of GFAP in neuronal
regeneration, scar formation and amyloid load assimilation
remains unclear (31,32). Therefore, the present study aimed
to identify an indicator that reflects functional modifications
occurring during the activation of astrocytes. Previous studies
have demonstrated that numerous transporters and carrier
proteins, such as vesicular transporters of y-aminobutyric acid
and glutamate (excitatory amino acid transporter 1 and 2), are
affected following the activation of astrocytes (33,34). In addi-
tion, two individual microarray analyses identified enhanced
expression of the secretogranin family members secreto-
granin V and secretogranin VII in reactive astrocytes isolated
from various neuropathologies (6,20). In the present study,
a PQ-activated astrocyte model established in our previous
study was used, and the results revealed that PQ exposure led
to morphological alterations, and increased expression levels
of GFAP and S100f astrocyte activation markers in U118MG
astroglia (23). In addition, a regulated secretory pathway
component, SCG3, was further investigated in PQ-activated
astrocytes. Our previous study revealed that PQ exposure
induced the apoptosis of dopaminergic SH-SYSY cells and
decreased SCG3 expression (16). These findings indicated
that alterations in SCG3 expression may vary in different
cell types. In the present study, it was demonstrated that
the expression levels of SCG3 were gradually increased, in
accordance with the degree of U118MG astroglial activation
induced by PQ treatment, thus suggesting that altered SCG3
may reflect astrocyte reactivity to a certain extent. This effect
has previously been reported in brain perforation and AD
plaque-activated astrocytes (15,35). Conversely, depletion
of SCG3 via RNA interference attenuated the hypertrophic
phenotype of U118MG astroglia and reversed PQ-induced
increases in SCG3 expression, which further suggested that
SCG3 may have an active role in PQ-induced astrocyte activa-
tion. Therefore, it was hypothesized that SCG3 secretion in
astrocytes may represent an indicator of cellular activation and
provide further information regarding transmitter signaling.
SCG3-positive vesicles have been identified in
primary astrocyte cultures and human brain samples (35).
Furthermore, aberrant accumulation of SCG3 and CPE in
senile plaque-surrounding astrocytes and dystrophic neurites
obtained from patients with AD suggests that SCG3 may
affect neuropeptide trafficking and processing (15,35).
However, the mechanism by which neurotransmitters and
peptides are transported by SCG3 secretory vesicles in
astrocytes remains largely unknown. In the present study,
both extracellular and intracellular SCG3 expression levels
were upregulated in U118MG astroglia following treatment
with PQ. Immunofluorescence analysis demonstrated that
SCG3-positive vesicles accumulated in the perinuclear ER,
where they were generated following exposure to PQ. These
results indicated that PQ stimulated the biosynthesis of SCG3
secretory vesicles, thus suggesting that SCG3 may be involved
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in the recruitment of cellular factors during PQ-induced
astrocyte activation. A previous study indicated that DCVs
isolated from astrocytes contain a range of gliotransmitters,
such as atrial natriuretic peptide, neuropeptide Y and ATP,
which serve important roles in astrocyte metabolism (36). In
our previous study, it was demonstrated that three categories
of astrocytic proteins were upregulated to different extents
in PQ-activated Ul118MG astroglia, including astrocytic
marker proteins (GFAP, S100p, GS and GLT-1), neurotrophins
(BDNF and GDNF), and cytokines (TNF-a, IL-1p, IL-6) (23).
However, the mRNA expression levels of the aforementioned
proteins did not exhibit any significant alterations following
the silencing of SCG3. Therefore, it was hypothesized that
SCG3 secretory vesicles may be associated with the regulation
of secretory peptide secretion, rather than the regulation of
gene expression, in PQ-activated astrocytes.

Previous studies have demonstrated that BDNF targets to
SCG2-positive DCVs in neuronal dendrites, and BDNF and
SCG2 genes are co-activated in response to intracellular Ca**
signaling (33,37,38). In addition, the sorting signal of BDNF
can specifically bind to the sorting receptor CPE, which is
localized closely with SCG3 at the periphery region of endo-
crine cells (12,39,40). In the present study, it was observed
that double-labeled vesicles were distributed in the peri-
nuclear ER and cytoplasm of Ul118MG astroglia, and their
numbers were increased during PQ stimulation. Therefore, it
was hypothesized that SCG3 may act as an analogous sorting
receptor to CPE during the processing and trafficking of
BDNF. In addition, SCG3 is involved in inflammatory medi-
ator biogenesis and release in mast cells, which is partially
analogous to astrocytes during immune regulation (14). It
has also been reported that IL-6 is stored in SCG2-positive
DCVs and is released via the regulated secretory pathway
following ATP stimulation in PCI12 cells (41). Therefore, the
role of SCG3 in IL-6 trafficking was analyzed. The results of
the present study revealed that the overlap of IL-6 and SCG3
vesicles was predominantly observed in the perinuclear
space of PQ-activated U118MG astroglia, which may be due
to their common biosynthesis in the ER. However, when the
percentage of overlay in the cytoplasm and processes was
measured, there was no significant increase in the overlay
between SCG3 and IL-6 following PQ-induced activation.
Therefore, it may be hypothesized that SCG3-positive
vesicles exert a significant effect on BDNF trafficking but do
not participate in the subsequent processing and trafficking
of IL-6 in astrocytes.

In conclusion, the results of the present study revealed
that the regulated secretory pathway component SCG3 was
expressed in U118MG astroglia, and SCG3 expression and
astrocyte activation were both gradually increased in response
to PQ stimulation. Despite the fact that SCG3 knockdown did
not affect the expression of other astrocytic factors, de novo
SCG3 vesicles contributed to the trafficking of BDNF, but
not IL-6, in PQ-activated astrocytes. These results suggested
that SCG3 may act as an indicator of astrocyte activation. In
addition, SCG3 may have a role in astrocyte self-sustenance
as well as neuroglia peptide communication; however, the
present data were derived from an in vitro astrocytoma cell
line model, and only one PQ activator was used. Therefore,
some limitations may exist with regards to the alteration of
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SCG3 in response to astrocyte activation. For these reasons,
future experiments should be performed using primary astro-
cytes or animal models, and the role of SCG3 in astrocyte
activation should be reported in response to other activators
reported in previous studies; for example, ATP, IL-1 and
MPTP (28-30). Furthermore, considering the small number
of DCVs in astrocytes, further experiments to pre-concentrate
and separate SCG3-positive vesicles would be beneficial to
confirm the target aggregates of SCG3 and to determine its
role in the pathogenesis of neurodegenerative disorders.
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