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EXPERIMENTAL STUDY

Proprotein convertase 1 mediated proneuropeptide proteolytic

processing in ischemic neuron injury
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ABSTRACT

BACKGROUND: Pro-protein processing mechanism plays an important role in neuron injury.

OBJECTIVE: To study the protein convertase 1 (PC1) mediated processing mechanism, the ischemic cellular
or tissue proPC1/PC1 or proCgA/CgA (pro-chromogranin A) was analyzed.

METHODS: NS20Y differentiated cells were stressed by 0-6 h of oxygen and glucose deprivation (OGD) in glucose-
free DMEM and an anaerobic jar environment. Ischemic C57BL/J mouse model was established by performing
60-min of middle cerebral artery occlusion (MCAO) operation and subsequent 4 or 24-h reperfusion. The TUNEL,
immunochemistry, and Western blot methods were used to detect protein expression in ischemic cells or tissues.
RESULTS: The OGD or MCAO stress caused substantial cell death in a dose-dependent manner (p < 0.05 or
0.01). With the increasing OGD dose, proPC1 and PC1 proteins gradually increased (p < 0.05 or 0.01) where-
as proCgA and CgA proteins decreased (p < 0.05). In vivo the proPC1 and PC1 expressions presented with a
peak at 4-h and then decreased at 24-h reperfusion (p < 0.05 or 0.01). The tissue proCgA and CgA proteins
decreased with the increasing reperfusion time (p < 0.05).

CONCLUSIONS: The results suggest that the increasing PC1 expression promoted the transformation of proCgA
into CgA or smaller peptides, i.e. Pancreastatin or Secretoneurin, and the PC1 mediated processing plays a

critical role (Fig. 4, Ref. 15). Text in PDF www.elis.sk.
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Introduction

The profiles of neuropeptides in functional tissue may deter-
mine their responses to ischemic stress, apoptosis, or necrosis. The
PCs mediated proneuropeptide processing and maturation plays an
important role in neuron stress and injury (1-4). PC1 is a calcium-
dependent endoprotease expressed in neural and endocrine cells (5)
and involved in the biosyntheses of many neuropeptides such as
CgA and pancreastatin (PST) et al (6, 7). It was reported that kainic
acid increases PC1 expression in neural cells (8). Marcinkiewicz
M et al (9) reported that PC1 was induced in the transected sciatic
nerve and was present in cultured Schwann cells or the transected
peripheral nerve injury. Zhang JH et al (10) reported that proPC1
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(87 kDa) automatically activates into mature PC1 (81 kDa) in ad-
equate conditions, such as 5.0 pH and higher Ca?*.

Chromogranin A (CgA), one member of acidic secretory pro-
tein family, is expressed in all neuroendocrine tissues. Some reports
demonstrated that proCgA is a substrate of PC1 which transforms
proCgA (about 60 kDa) into CgA (50 kDa). proCgA or CgA can
be further processed into smaller neuropeptides such as Pancre-
astatin or Secretoneurin (11, 12).

In the paper, PC1 mediated proCgA processing in ischemic
neurons was observed in vitro and in vivo. Our long- term goal is
to understand PC molecular mechanisms in some diseases, which
will help the diagnosis and treatment of the diseases.

Materials and methods

Animals

C57BL/J mice (20-25 g, Rat No: 4400850000219) were pur-
chased from Guangdong Experimental Animal Center (China). All
experiments were performed in accordance with the Institutional
Guidelines for the Care and Use of Laboratory Animals. The ani-
mals were acclimated to a light-dark cycle of 12:12 h by housing
them in individual cages at a temperature of 26 £ 1 °C. The stud-
ies were approved by the Animal Centers on animal care. After all
mice used were raised for 2 days, they were randomly grouped.

Focal cerebral ischemic model
30 of C57 mice (half male and half female) were randomly

Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition



Bratisl Med J 2017; 118 (10)
609-612

allocated into three groups (sham, 4-, and 24-h MCAO groups, n
=10). In 20 out of the C57 mice the left middle cerebral artery oc-
clusion models (MCAO) were performed with a modified method
of Rousselet E et al (13), and in 10 of the C57 mice sham opera-
tions were performed. Briefly, the mice were anesthetized with 4
% chloral hydrate and the MCAO operation was performed by
inserting a nylon suture (Beijing Sunbio Biotech Co., China) into
the lumen of internal carotid artery through carotid artery. After
60-min MCAOQ, the suture was withdrawn to allow 4 or 24-h
reperfusion. The seven mouse cortices in each group were dis-
sected. According to TTC staining (2, 3, 5-triphenyltetrazolium
chloride) (Shanghai Yuanye Biotechnology Co., Ltd. China), the
tissues from the ischemic cortical regions of MCAO territory were
taken and kept at —80 °C for Western blot and ELISA assay (n =
7). The remaining three cortices in each group were fixed in 4 %
of paraformaldehyde solution and § um-thick frozen coronal sec-
tions were stained with immunofluorescent method.

Oxygen and glucose deprivation model

Oxygen and glucose deprivation (OGD) models were prepared
as previously described (14). The NS20Y cells were differenti-
ated with 10 M ctp-cAMP (Sigma Chemical Co, USA) for 24 h
and incubated in glucose-free DMEM (Invitrogen Incorporation,
USA) and in an anaerobic jar (AnaeroPack system, Japan) for 0—6
h OGD treatment.

Western blotting analysis

The ischemic mouse or NS20Y cells were homogenized with
a buffer consisting of 50 mmol/L Tris-HCL (pH 7.5), 1 % Triton
X-100, 10 % glycerol, and protease inhibitors, respectively. Pro-
tein concentration was quantified by a Bradford method. 50 pg
of protein were fractionated by SDS-PAGE (12 %) and blotted
onto a PVDF membrane (Millipore Co., USA), then incubated
with a rabbit polyclonal antibody against PC1 (1:2000 diluted,
Abcam Co., USA) or against CgA (1:500 diluted, Biowordle Co,
USA,), following with enzyme-catalyzed chemiluminescence
(ECL) method.

Immunofluorescent analysis

For cellular immunofluorescent staining, the dishes with OGD
cells were washed two times in PBS for 10 min, fixed in 4 % para-
formaldehyde-PBS buffered for 15 min, and subsequently washed
one time with PBS for 5 min. The dishes or mouse brain sections
were incubated in 4 % goat serum for 30 min, then incubated with
primary antibody (PC1 1:500 or CgA 1:200) at 4 °C overnight.
After washed 3 times with PBS, they were incubated in Cy3-con-
jugated secondary antibody. Lastly, DAPI staining was performed.
The fluorescent signals were examined and photographed with a
Leica epifluorescence microscope.

Death rate analysis

Brain ischemic stroke was analyzed in the TTC staining (15).
TTC staining allows a precise delineation of lesioned and non-
lesioned brain areas for subsequent dissection of selected tissue
pieces for molecular analysis.
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The OGD cell death was analyzed in TUNEL staining (Roche
Diagnostics, USA) using a commercial kit and cell counting meth-
od. The TUNEL staining was referred to the company protocol.
10 pictures with nuclei (DAPI) or positive cells each section were
randomly taken in a fluorescent microscope, respectively. In the
experiment three sections (n=3) were used at one timepoint. The
death rates were obtained by using the average ratio of the posi-
tive cell numbers / DAPI nucleus numbers and X? test in statistics.

Results

Evaluation of ischemic injury in vitro and in vivo

The TTC staining reveals white areas as infracted regions of
cerebral cortex and striatum (Fig. 1 A). The injury region in the 24-
hour group shows significantly higher sizecompared to the sham
or 4-hour group (data not shown). The OGDs caused substantial
NS20Y cell death in a dose-dependent manner (p < 0.05 or 0.01)
(Figs 1B1 and 1B2).

Expression of proPC1 and PC1 after ischemic injury

Western blotting results indicated that the expression levels of
proPCl1 in the 4-h reperfusion group significantly increased com-
pared to that in the sham group (p <0.05) or in the 24-h reperfusion
group (p < 0.01) (Fig. 1C1). Although PC1 expression increased
at 4-h reperfusion, it was not statistically different from the sham
group. The PC1 expression significantly decreased after 24-h re-
perfusion (p < 0.05) (Fig. 1C2). For the OGD cells, the proPC1
or PC1 protein levels increased with OGD in a dose-dependent
manners (p < 0.05 or 0.01) (Figs 1D1 and 1D2).

The results of the cortex tissue immunofluorescent staining
showed that PC1 is expressed in neuron cell body or dendrite.
The PCl-positive neurons in the sham group were significantly
decreased compared to those in the 4-h reperfusion group (p <
0.01) or the 24-h reperfusion group (p <0.05) (Figs 2A1 and 2A2).
The PC1 expression in the ischemic cells significantly increased
in a OGD dose-dependent manner (P<0.05) (Figs 2B1 and 2B2).

Expression of proCgA and CgA protein after ischemic injury
Western blotting method confirmed the proCgA or CgA ex-
pression in neurons. The proCgA or CgA protein expression de-
creased with the reperfusion time (in vivo) (Fig. 3A) or in OGD
dose-dependent manner (in vitro) (p < 0.05) (Fig. 3B).
The result of CgA immunofluorescent staining in the 4-h reper-
fusion or the 24-h reperfusion group was significantly decreased

MCAO

Sham

Fig. 1. The cortical infracted area in TTC staining (n = 7).
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Fig. 2. Analysis of death rate of OGD NS20Y cells (n = 3). A: TUNEL staining pictures; B: TUNEL staining analysis (* p < 0.05 or 0.01 vs the
0-h OGD group).
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Fig. 3. Western blot analysis of mouse cortical (A) or ischemic cells (B) proPC1 or PC1 protein (n =7 or 3). A1, A2, B1, B2: Statistical analysis,
*p <0.05 or 0.01 vs the sham or the OGD 0-h group.
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Fig. 4. Immunofluorescent analysis of PC1 (proPC1) in mouse cortex frozen sections (n = 3). A: PC1 (proPC1) immunofluorescent staining
(PC1 positive: red color; DAPI: blue color; scale bar 50 pm, mag.10¥10). B: PC1 (proPC1) expression analysis in mouse cortex sections. * p <
0.05 or 0.01 vs the sham group.
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compared to that in the sham group (p <0.05) (Fig. 4A). Although
the results of cellular CgA immunofluorescent staining show a de-
creasing trend with OGD time, there is no significant difference
between the different OGDs groups (Fig. 4B).

Discussion

In brain cells, the production of active neuropeptides relies on
the presence and proper function of a set of neuropeptide processing
enzymes including PC1. Some publications reported that propro-
tein processing, i.e. PC2 and CPE mediated processing is involved
in ischemic injury of neurons. Researchers believe that these altera-
tions of proprotein processing system determine the death or survival
ofneural cells in some pathological process such as ischemic stress.

The death rates of brain cortical cells or the OGD-inducing
NS20Y cells were obtained by using TTC or TUNEL staining. The
injury area in the 4-h or 24-h reperfusion group showed to be statis-
tically significantly bigger compared to the sham group. The OGD
caused substantial NS20Y cell death in a dose-dependent manner,
suggesting that cell death rates were positively correlated with re-
perfusiontime or OGD time. The expression level of proPC1 or PC1
inthe 4-h reperfusion group significantly increased compared to that
in the sham group or the 24-h reperfusion group, indicating that the
peak compensation of proPC or PC expression occurred at4-h reper-
fusion. Their expressions significantly decreased after 24-h reperfu-
sion, suggesting that the in vivo proPC1 or PC1 expressions became
weaker with increasing death rate. For the OGD cells, proPC1 or
PC1 protein levels increased with OGD in a dose-dependent man-
ners, whereas with the increasing ischemic dose, the expression
of proCgA or CgA protein decreased, which suggests that the in-
creasing PC1 promotes the CgA production or further degradation.

The results of the CgA immunofluorescent staining in the 4-h
reperfusion or the 24-h reperfusion group significantly decreases
compared to that in the sham group. Although the results of the
cellular CgA immunofiuorescent staining show a decreasing trend,
there is no significant difference between the different OGDs,
which shows different results with the in vivo experiment. The
Western blot results coincide with the IHC ones.

The in vitro and vivo experimental results suggest that with in-
creasing stress, proPC1 was aggregated and transformed into more
PC1, which induced the corresponding substrate proCgA into CgA
or further smaller molecules. The tissue protein expressions show in-
consistent with the cellular ones, which suggests that the in vivo ex-
periment was regulated by whole body system, whereas the 2—6h cel-
lular OGDs may notreach the peak stress. Many protein expressions
show obvious decrease after apeak OGD due to the death of most cell.

The in vivo proPC1 aggregation gradually disappeared with
increasing reperfusion time. The gradual increase of proPC1 may
be to compensate for the insufficiency of the active PC1. This re-
veals that PC1 may be very important for rescue ischemic injury.

After OGD, the exhaustion of ATP is the first event. The matu-
ration, moving and secretion of the vesicle containing PC1 and its
substrates need a lot of ATP. In a word, the cascades of OGD —
ATP block — vesicle maturation block may lead to inhibition of
transformation of proCgA into CgA.
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In conclusion, the proPC1 aggregation and the CgA decrease
adversely exacerbated the neuronal cell injury. This study reveals
a new facet of the biological effect of PC1 processing following
ischemia-reperfusion injury.
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