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ABSTRACT

PC2 and CPE are two magjor members of the pro-protein processing
convertases which involvein the maturation of neuropeptide. The RGC-5
cell differentiated in 0.1uM staurosporine for 24h was stressed by differ-
ent OGD injuries. Theacute or chronic OGD-inducing cell deathrateswere
obtained by using Pl or TUNEL staining. By using the Western blot method
and artificial PC2 substrate, the PC2, CPE and preproNPY proteinlevelsin
the ischemic RGC-5 cells and conditioned medium were analyzed. The
results showed that the ischemia caused substantial cell death in an OGD
dose-dependent manner. In the cells, proPC2 and preproNPY protein lev-
els gradually increased whereas proCPE gradually decreased. After the
OGDs, the PC2 activitieswere decreased. I n the medium, proPC2 and PC2
proteins gradually decreased whereas proCPE, CPE, and preproNPY pro-
teinsgradually increased. The experimental results demonstrated that OGD
inhibits the neuropeptide pro-protein processing system by reducing PC2
activity and the maturation of proPC2. The aggregation of the pro-pro-
teins and the increase of the active CPE excision adversely exacerbate the
cell injury. These results demonstrate that PCs mediated processing sys-
tem playsacritical roleintheischemic stress of RGC-5 cells.
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INTRODUCTION

Subtilisin-like pro-protein convertases (PCs) are
themaj or proteol ytic process ngenzymesthat mediate
thebiosynthesisof agreet variety of secreted and mem-
brane proteins. These processed proteins have the
rangesfrom embryogenesis, geneexpression, cell cycle,
programmed cell death, intracellular proteintargeting
and endocrine/neurd functiong®2. Theseprecursor mol-
eculesneed to undergo aseriesof pro-protein process-
ingtepsthat involveinthemulti-proteinfamily of mam-

malian serine proteases®A. They are expressed together
or separately infunctiona cellsinboth vertebratesand
invertebrates. Themammalian PCshave been demon-
srated toinvolvein several diseases, i.e. HIV, hepatitis
B, severeacuterespiratory syndrome (SARS), anthrax,
cancer, Alzhemer’sdisease, arthritis, stroke, glucauma,
and diabeteg>19,

Pro-protein convertase-2 (PC2) and carboxypep-
tidase-E (CPE) are expressed widely in neuro-endo-
crinetissues and play amajor rolein the proteolytic
processing!™Y!, S. Tanakaet a.[* reported that proPC2
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with 638 amino acid residues (74 kDa) automatically
activatesinto mature PC2 with 529 amino acid resi-
dues (64 kDa) in adequate conditions, such as5.0 pH
and higher Ca2. The soluble CPE (sCPE) isan exo-
peptidase that cleaves neuroendocrinopeptideswith C-
termina bas camino acidsand producesactiveforms
of peptide hormonesand neuropeptides***4. Themem-
brane-bound CPE (mCPE) functionsasasorting re-
ceptor in thetrans-Golgi network (TGN) and facili-
tates the sorting of pro-hormonesinto the regulated
secretary pathway!*>. N.Brakch et d.' and R.Miller
et al."® reported that the maturation of preproNPY
peptide needsthe participation of PC2 and CPE.

The profileof neuro-endocrinopeptidein functiona
tissuemay determinetheir responsetoischemic stress,
apoptosis, and necrosis. Inthe paper, theischemiarin-
duced changesinthe PC system wereobservedinthe
RGC-2 cdlls. Our long term goal isto understand PC
molecular mechanismsinsomediseases, whichwill hdp
diagnosisand treatment to the diseases.

MATERIOLSAND METHODS

1. Cdl cultureand in vitro simulated ischemia

RetinaGanglion Cdl-5 (RGC-5) cdll linewastrans-
formed fromrat retinaganglion cell (RGC). Thecells
wereculturedin DMEM medium containing 10% fetd
calf serum (FCS) (Invitrogen Co. USA), 20 mM L-
glutamine, penicilin/ streptomycin, and G-418at 37°C
inahumidified aimosphere equilibrated with 5% CO,,.
Differentiation wasachieved by incubating cellsinthe
DMEM-FCSmedium containing 0.1uM staurosporine
(SigmaCo. USA) for 24 hat 37°C. Toinvestigate bio-
synthesisof PC2, CPE, and preproNPY under normal
andischemic conditions, Smulatedischemiaof thedif-
ferentiated RGC-5 cellswasinduced by oxygen and
olucosedeprivation (OGD). For OGD, cdlswereplaced
in an anaerobic chamber (FormaScientific Co. USA)
equilibrated with 85% N./5% CO,/10% H, and incu-
bated in glucose/serum/glutamine-freemedium contain-
ing 25 mM HEPES, pH 7.4, 2 mM CaCl,, 135 mM
NaCl,5mM KCI, 1X Essential AminoAcid without
L-Glu (Invitrogen Co.) and 20 mM 2-deoxyglucose
(2-DG) (SigmaCo.). Propidiumiodide (PI) waspur-
chased from SigmaCo. and TUNEL staining kit was
purchased from Boehringer Mannheim Co. (USA). The

—= Regdulor Peper

acute OGD dose-effect cdl modd andthechronicOGD
dose-effect cell model were used to observetherda
tionship between PC2/CPE- mediated neuropeptide
processing and OGD.

1.1 Theacute OGD dose-effect cell model

In order to early observe the PCs gene expres-
sionsand processing to their substrate after OGD. The
acute and chronic OGD cell model swereused in our
experiments. Theacute OGD cellswere obtained by
collecting them after the cellswereincubated 0, 1, 2, 4,
6hinan OGD chamber.

1.2 Thechronic OGD dose-effect cell mode

In order to lately observe the PCs gene expres-
sionsand processingtotheir substrate after OGD. The
chronic OGD cellswere obtained by collecting them
after thecellswereincubated 0, 1, 2, 4, 6hinan OGD
chamber and subsequently incubated for 24hinacell
cultureincubetor.

2. Analysis of death rate of the differentiated
RGC-5 cellsafter OGD

Accordingto our preliminary data, Pl stainingis
better for theacute OGD cellswhereas TUNEL stain-
ingisbetter for the chronic OGD cells. So the death
rates of the acute or chronic OGD-inducing RGC-5
cellswereobtained by using Pl or TUNEL staining. Pl
staining was referred to the method™9. Briefly, 1 ml of
PBS containing 1ul of Pl ethanol solution (10 mg/ml)
wasadded in dishesfor 3 min at room temperaturein
which grew thedifferentiated RGC-5 cells After washed
2x5minwithPBS, 1 ml of 10% formalin buffered by
PBSwasaddedinthedishesfor 15 min at room tem-
perature and subsequently washed onetimefor 5min
with PBS. 1% Triton X-100 was added in the dishes
for 10 min at roomtemperature. After washed onetime
for 5minwith PBS, thecellsin thedishesweremounted
withthemounting medium DABI. The TUNEL staining
method wasreferred to the company protocol. Briefly,
after fixed with 10 % formalin buffered in PBSfor 15
min and subsequently permeated with 1 % Triton X-
100 for 10 min, thedishesinwhich grew RGC-5cdlls
were added 50ul of the enzyme-substrate mixture (1:9
ratio) and covered with parafilm. After wrapped with
tinfoil to keep in darkness and subsequently incubated
for 1 hours at 37°C in an incubator, the dishes were
washed with PBS 3x5 minand mounted withthe DABI
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3. Western blot analysis

Proteinswereextracted from cultured RGC-5cdlls
with thefollowing protocol. To avoid thecontamination
of seruminmedium intheWestern blot assay, Cellsin
disheswere softly washed onetimewithwarm PBS
and subsequently softly suspended in cold PBS. After
the cell suspensionswere centrifuged at 6000 rpm for
6min, thecell pelletswere collected. Proteinswere ex-
tracted fromthecdll pelletswith the samebuffer asthe
following PC2 activity. After the cell pelletswere sub-
jected to 3 cycles of freeze-thaw-vortex to further de-
struct cellular structures, they were centrifuged at
10,000g for 10 min at 4°C and supernatant was col-
lected. Protein concentrationsof the supernatantswere
determined by the Bradford method (SigmaCo.). Pro-
teins (50ug per gel lane) werefractionated by SDS-
PAGE (150V for 2h), blotted onto aPV DF membrane
(MilliporeCo. USA) (166mA for 2h), and probed with
an appropriate primary antibody. The antibody bound
to themembrane was detected with the enzyme-cata-
lyzed chemiluminescence (ECL) method (NEN Life
Science Co). Themembranewas cut for ECL accord-
ing to the mol ecul ar wei ghts of the detected proteins.
To verify theequality of proteinloadingsamong differ-
ent samples to be compared, the blotted membrane
was detected with 3-actin protein as control. For pro-
tein analys sin the conditioned medium, after theacute
OGD, 5 ml of conditioned medium each OGD dose
was collected and centrifuged. The supernatant was
added trichloroacetic acid (TCA) to 20 % and calm
stayed inicefor 20 min. After centrifuged 10000xg for
20 min, thetube bottom pellet wascarefully collect and
wholly applied to the SDS-PAG lane for the Western
blot analysis. Rabbit serum against PC2 (amino acids
611-638) (donated by Dr An Zhou) at a dilution of
1:1,000 or antibodiesagainst preproNPY (amino acids
68-97) at adilution of 1:2,000 and CPE at adilution of
1:2,000 were used. The antibody against CPE or
preproNPY was purchased from Research Diagnostics
Inc (USA). The polyclonal rabbit anti-actin antibody
(1:2000 used) was purchased from Sigma-Aldrich Co.

5. PC2activity analysis

Andysisof PC2 activity followed amodul ated pro-
tocol accordingto Berman et a. 2%, Thewhol ereac-
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tion volumewas 100ul. Cellswere homogenized with
abuffer consisting of 50 mM Tris-HCI (pH 7.5), 1%
Triton X-100, 10% glycerol and acocktail of protease
inhibitors (aprotinin 1uM, PMSF 1 mM, benzamidine
1 mM) (SigmaCao.). To control the detergent concen-
trationinthereaction buffer, 10ul of protein superna-
tant wasincubated with 200uM L-pyroglutamyl-Arg-
Thr-Lys-Arg-7-amino-4-methyl-coumarinin 100 mM
sodium acetate (pH 5.0), and 1 mM CaCl, inthepres-
enceof theinhibitors. All incubationswere carried out
at 37°Cfor 4 h. Inparald incubations, 2uM CT pep-
tide (SVNPYLQGKRLDNVVAKK), aPC2-specific
inhibitor derived from the C-terminus of 7B2 protein.
There ease of 7-amino-4-methylcoumarin was mea-
sured by using aSpectraM ax GEMINI spectrofluori
meter (Molecular DevicesCo, USA; A, =360nm; &
=480 nm). Theamount of product formed wasca cu-
lated by usingfree 7-amino-4-methylcoumarin asastan-
dard. Theactivity inhibited by CT peptidewastaken
asPC2 activity.

RESULTS

1. Morphology of thedifferentiated and stressed
RGC-5 cells

RGC-5 cdlswereinduced differentiationin 0.1uM
staurosporine. The non-differentiated cellsareround
and spindleshapefor light microscope. Thereisnot
dendrite onthebody and granulein cells (Figure 1A).
Thedifferentiated cellsare polygonal shapeand has
many dendrites on the body. Thereismuch granulein
the body and dendrite. Thedendritesamong different
cells connect with each other (Figure 1B). The shape
of the OGD-stressed RGC-5 cellsissimilar to that of
thedifferentiated RGC-5 cells. but thecellsgather in
clugters. Alittlegranulewas observedin cellsand den-
drites(Figure 1C).

2.Analysisof thedeath ratesof theOGD-inducing
RGC-5cdls

2.1. Death ratesof theacute OGD-inducing RGC-
5 cdls

Thedeath rateswereobtained by using0, 2, 4, 6h
OGD dose and subsequent PI staining. The results
showed that the OGD caused substantia cell deathin
an OGD dose-dependent manner (P<0.01) (Figure?2).
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Figurel: Morphology of thediffer entiated and stressed RGC-5 cells(M ag.15x10timesfor light microscope). (A): The
non-differentiated cells. (B): Thedifferentiated cells. (C) : Thedifferentiated RGC-5cdlsstressed by a2.5-h OGD
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Figure2: Analysisof thedeath rates of the acute OGD-
inducing RGC-5cdls(n=2). (A): thestatistical r esultsof
thedeath rates. **P<0.01 vstheresult at theOH-OGD in
X2test; (B): ThePI staining picturesof theacute OGD
dose-dependent death (M ag.10x10timesfor light micro-
scope). Thenumber son thepictureswere OGD doses
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Figure3: Analysisof thedeath ratesof the chronic OGD-
inducing RGC-5cdls(n=2). (A): thestatistical resultsof
thedeathrates. * P<0.050r ** P<0.01vstheresult at the
OH-OGD in X?tedt; (B): The TUNEL stainingpicturesof
thechronic OGD dose-dependent apoptosis(M ag.10x10
timesfor light microscope). Thenumber son thepictures
wereOGD doses

Figure4: Western blot analysisof PC2, CPE, and preproNPY protein expressionsin theacute(A) or chronic(B) OGD
cells. 7.5% SDS-PAG and theprotein markers14.4-220 kDafor PC2and CPE; 15% SDS-PAG and protein markers
45-3.5kDafor preproNPY and actin. Theinternal control wasp-actin protein
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2.2. Death ratesof thechronicOGD-inducng RGC-
5cdls

Thedeath rateswere obtained by using TUNEL
staining after O, 2, 4, 6h OGD and subsequent 24-h
recovery time. Theresultsshowed that the OGD caused
substantia cell apoptosisinan OGD dose-dependent
manner (P<0.05 or P<0.01).

3. Western blot analysisof PC2, CPE, and prepro
NPY protein expression in theischemiccellsand
medium

3.1.PC2, CPE, and preproNPY protein expresson
in theacute OGD cells

Theresults(Figure4A) indicated that after thecells
werestressed by theacute OGD, PC2 and preproNPY
proteinlevelsinthecdlsgradualy increaseinan OGD
dose-dependent manner, whereas proCPE gradually
decrease. At thelower OGD doses (0 and 2h), mature
CPE protein gradually increases. At the higher OGD
doses (4 and 6h), CPE expressionsobvioudly reduced.

3.2.PC2, CPE, and preproNPY protein expresson
inchronicOGD cdlls

After thechronic OGD, the up-regulationsof PC2
and preproNPY protein levelsin the cellswere still
observed in an OGD dose-dependent manner. Com-
paring with CPE result at the time point of Oh-OGD,
proCPE protein gradud ly decreased in an OGD dose-
dependent manner. At thetimepointsof 1 and 2h OGD,
mature CPE occurred (Figure4B).

3.3.PC2, CPE, and preproNPY proteinsin thecon-
ditioned medium

Medium samples were collected after the acute
OGD incubations. Thetube bottom pellet was coll ect
by precipitatingwith 20% TCA and subsequently cen-
trifuging. TheWestern blot resultsindicated that inan
OGD dose-dependent manner, proPC2 and PC2
gradually decreased whereas proCPE, CPE, and
prepproNPY gradually increased.

4. PC2activity analysis

PC2 activity analysisof theacuteor chronic OGD-
inducing RGC-5 cdlls(Figure 6A and 6B) showed, with
theincreasing of the OGD dosage, the PC2 activities
were decreased (P<0.01 or P<0.05).
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Figure 5: Western blot analysis of PC2, CPE, and
preproNPY proteinintheconditioned medium. 7.5% SDS
PAG and theprotein markers14.4-220 kDafor PC2 and
CPE; 15% SDS-PAG and protein markers 45-3.5 kDa
for preproNPY

12 +

I

Juny
o O

PC2 activity
(pmol/min/mg protein)

0 1 2 4 6

OGD Dose (h)
12 +
'FCE 10 +
22 84
=2 Lo
RE 61
g E a4
E
2 4+ * %
o
0 o
0 1 2 4 6
OGD Dose (h)
*P<0.05 or **P<0.01 vs Result at the Oh-OGD in t test
Figure6
CONCLUSION

In brain cells, the production of active neuropep-
tidesreliesonthe presenceand proper function of aset
of neuropeptide processing enzymesincluding, but not
limited to, proprotein convertase 2 and CPE. Littleis
known about the neuropeptide processing systemin
theretina ganglion cdlswhicharevulnerabletoischemic
injury and may play acritical rolein the pathol ogy of
retinadisorders. In this study, aseries of experiments
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were carried out to establish: 1) the presenceof an ac-
tive PC2 protease in RGC-5 célls, 2) the impact of
ischemic stress on expression levels of PC2, prepro
NPY, and CPE in RGC-5. Céllsin vitro

PC2isamajor endoproteolytic enzymeand CPE
isan C-termina exoproteolytic one. When precursor
moleculeisendoproteolyzed by PCs, the soluble CPE
recognizesthe specific basicresidue at the C-terminus
and processesit. PreproNPY moleculeisone of the
most abundant peptidesfound inthemammaliantis-
sue??, [tsmaturation is subjected to the processing
of PC2 and CPE. PreproNPY has97 amino acid resi-
duesinmouse, human and 98 amino acid residuesin
rat. Theisoelectric point (pl) of preproNPY is11.1.
TheWestern blot result of preproNPY indicated that
the specific band of preproNPY wascloseto 17 kDa,
which isbecausethe higher pl of the peptideformsa
larger moleculeby combiningwithmoreSDSmolecules
Thedectric mobility wasvery smilar withthe GHRH
analogsweever reported?,

Inour many preliminary experiments, we discov-
ered that pc2 was awhole-process expression gene
during OGD. It wasregul ated from 10 minto 6h OGD
dose and no matter what acold stimul ation or heavy
ischemiais. According to theseresults, | devel oped the
acute OGD dose-€effect cell mode (early geneexpres-
sion) and the chronic OGD dose-effect cell mode (late
geneexpression).

Inthe experimentsof the death ratesof the OGD-
inducing RGC-5cdlls: Pl stainingor TUNEL staining
was used to measure the acute or chronic cell death
rates, because the acute OGD causeahigher perme-
ability to PI dye so that the dye molecules enter and
combinewith DNA. TUNEL staining isbetter tothe
chronic OGD cdlls, because TUNEL gtainingisusedto
measure apoptotic cellswith DNA fragmentsthat oc-
curred | ately.

TheWestern blot resultsof PC2, CPE, and prepro
NPY proteinexpressonintheischemic cellsindicated
that PC2 and preproNPY protein levelsgradually in-
creasein the OGD dose-dependent manner whereas
the proCPE gradually decrease, which was because
OGD caused aggregationsof proPC2 and preproNPY
by inhibiting PC2 activity and thematuration of proPC2.
The gradual increase of proPC2 may beto compen-
satefor theinsufficiency of theactive PC2. The\West-
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ern blot results of the conditioned medium indicated
that the gradual decrease of proPC2 and PC2 and the
gradual increase of preproNPY & CPE stood for the
dteration of thecdl secretary function, whichrreveded
that PC2 may be very important to rescue ischemic
injury. In order to increase PC2 quantity in cells, the
decrease of the PC2 excision and theincrease of the
proPC2 express on are necessary. We have known that
theover-expression of pro-proteinistoxicto cdl func-
tion. Theaggregation of preproNPY proteinincdlsmay
induceanincrease of excision of preproNPY molecule.
Weguessthat high PC2 may rescueor diminishischemic
injury.

Inthe medium, proCPE and CPE protein gradudly
increased, but in the cellsthey gradually decreased,
which suggested that the production and transforma-
tion of proCPE werenormal. Theincrease of CPE ex-
cisonat thehigher OGD dosesmay be appropriatefor
the decrease of PC2 activity. In the experiments,
proPC2 and proCPE showed adverse regul ations dur-
ing OGD, which may beanother unknown OGD event.

After glucose oxygen deprivation, the exhaustion
of energy or ATPisthefirst event. The maturation,
moving and secretary of thevesiclecontaining PCsand
substrates need alot of ATP. Inaword, the cascades
of OGD—ATPblock— vesiclematuration block may
lead toinhibition of transformation of proPC2into PC2.
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