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ABBREVIATIONS: NP25, Neuronal protein 25; NSC (s), neural stem cell (s); FGF-2, fibroblast growth factor 2; EGF, epider-
mal growth factor; HGF, hepatocyte growth factor; FBS, fetal bovine serum; TBST, Tris-buffered saline containing Tween-20;
PMSF, phenylmethylsulfony! fluoride; SDS-PAGE, sodium dodecylsulfate polyacrylamide gel electrophoresis; GST, glutathione
S-transferase; G3PDH, glyceraldehyde 3-phosphate dehydrogenase; RT-PCR. reverse transcription-PCR.

ABSTRACT

Neuronal protein NP25 is a neuron-specific protein present in highly differentiated neural cells, but its functional properties has
not been well characterized. NP25 shows high amino acid sequence homology with the smooth muscle cell cytoskeleton-
associated proteins, SM22 o, mp20, and calponin. To gain an insight into the biological functions of NP25, we examined changes
in NP25 mRNA and protein levels during neural differentiation. When PC12 cells were stimulated with NGF, NP25 mRNA and

protein levels increased. Similar increases in NP25 protein was also observed during HGF-or FBS-induced differentiation of

mouse neural stem cells. These results suggest that NP25 is involved in neural cell differentiation.
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INTRODUCTION

The neuron-specific protein, NP25, is only found in
highly differentiated neural cells. In rats, NP25 mRNA is de-
tected in the brain and spinal cord, but not in the liver, kidney,
testis, ovary, intestine, uterus, heart, or skeletal muscle”. This
distribution pattern suggests that NP25 is expressed solely in
the central nervous system. When different regions of the rat
brain were examined, NP25 mRNA was distributed widely,
but not uniformly, in the brain, with strong signals in the hip-
pocampus, frontal cortex, cerebellum, and midbrain”. This
wide and differential distribution of NP25 in the brain sug-
gests that it may play an important role in the functioning of
specific neuronal systems. However, its functional properties
remain to be clarified.

Brain development and neuronal cell differentiation are
controlled by a complex program. Rat PC12 cells have been
widely used as a model system to study neuronal differentia-
tion” ™. Neural stem cells (NSCs) can self-renew and give rise

to various types of neurons, astrocytes, and oligodendrocytes
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9~ and are considered the best model for studying

in vitro
neural differentiation. Nerve growth factor (NGF) is a well
known neurotrophic factor and hepatocyte growth factor

(HGF), originally cloned as a hepatocyte mitogen, has re-
cently been shown to promote the proliferation and neuronal
differentiation of NSCs from mouse embryos®.

In the present study, we used these experimental models
to examine NP25 expression during differentiation of PC12
cells and NSCs induced by NGF and HGF, respectively. Our
data support the idea that NP25 is involved in the neural cell
differentiation.

MATERIALS AND METHODS

Materials

Dulbecco’s modified Eagle’s medium (DMEM) and rab-
bit antibody against actin were obtained from Sigma (St.
Louis, MO). Fetal bovine serum (FBS) and horse serum were
from Themo-Trace (Melbourne, Australia). Penicillin and
streptomycin were from ICN Pharmaceuticals (Costa Mesa,
CA), B27 supplement and DMEM/F-12 medium (1 : 1)
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were from Invitrogen (Grand Island, NY), and human EGF,
FGF-2, and HGF were from R&D Systems (Minneapolis,
MN). Isogen and ImmunoStar Reagents were from WAKO
Pure Chemicals (Osaka, Japan). PowerScript reverse tran-
scriptase and oligo d(T) were from Clonetech (Palo Alto,
CA). Pyrobest DNA polymerase was from TAKARA Bio-
medicals (Tokyo, Japan). “Complete”, a mixture of protease
inhibitors, was from Roche (Indianapolis, IN). The Immo-
bilon-P membrane filters were from Millipore (Bedfold, MA).
Horseradish peroxidase-conjugated anti-rabbit IgG antibody
were from Amersham Biosciences (Buckinghamshire, Eng-
land). The prestained protein markers, phenylmethylsulfonyl
fluoride (PMSF), and isopropyl-B-D-thiogalactopyranoside
(IPTG) were from Nacalai Tesque (Kyoto, Japan). Poly-D-
lysine hydrobromide was from BD Biosciences (Bedford,
MA). The 100 bp DNA Ladder Plus was from COSMOBIO
(Tokyo, Japan). Rat B-NGF was from Genzyme TECHNE
(Minneapolis, MN).

PC12 cells cultures

The rat pheochromocytoma cell line, PC12, a generous
gift from Dr Y. Sugimoto (Shirakawa Institute of Animal Ge-
netics, Fukushima, Japan), was grown in 100mm culture
dishes in DMEM supplemented with 10% (v/v) FBS, 5 %
(v/v) horse serum, penicillin (100 g/m £ ), and streptomy-
cin (100 g/m ¢ ) in a humidified atmosphere containing 5%
CO; at 37°C. For neuronal differentiation, 2 X 10° cells were
plated on 100 mm dishes coated with poly-D-lysine for 24 h
and differéntiation was initiated by replacing the medium with
DMEM containing 10% FBS, 5% horse serum, and 50 ng/
m ¢ of NGF for 48 and 96 h. Control cultures were carried
out in the absence of NGF in DMEM with serum for 48 and
96 h.

Primary culture of neonatal mouse striatal cells and neuro-
sphere passage
Striatal cells were removed froml4-day-old mouse em-
bryos (C57 BL/6, plug day=1.0) in phosphate-buffered sa-
line, pH7.4, (PBS) containing penicillin (50x g/m ¢ ) and
streptomycin (50 g/m £ ). The tissue was mechanically dis-
sociated by repeated aspiration through a fire-polished pipette
in serum-free medium consisting of DMEM and F-12 nutrient
(1 : 1). The cells were plated at a concentration of 1.5X
10°ells/m ¢ in growth medium [DMEM and F-12 nutrient
(1:1),0.6% glucose, 2 mM glutamine, 2% B27 supple-
ment, and 20ng/m ¢ each of EGF and FGF-2] in culture
flasks, 6 -well dishes, or 24-well dishes (all from Falcon).
Half of the medium was replaced every 4 days with fresh
growth medium. After 7 days, primary neurospheres were col-
lected by centrifugation (2,300X g for 2 min at4'C), resus-
pended in fresh growth medium, and dissociated with a fire-

polished pipette. The dissociated NSCs were plated onto poly-
D-lysine-coated 100 mm culture dishes. To examine the ef-
fects of differentiation, the NSCs were cultured for 2 - 5 days
in DMEM and F-12 (1 . 1) containing either 1% FBS plus
HGF (20ng/m ¢ ) or 10% FBS.

Expression of GST-fusion protein
During the course of our study, we cloned and sequenced
human NP25 cDNA by screening a brain two-hybrid library.
Homology analysis was performed using BLAST algorism at
NCBIL, NLM, NIH (Bethesda, MD), and the obtained se-
quence was the same as that for human NP25 cDNA (acces-
sion number XP002852) . Glutathione S-transferase (GST) -
NP25 was constructed by inserting the human NP25 c¢cDNA,
amplified by PCR using Pyrobest DNA polymerase
(TAKARA Biomedicals), into the Bam H1 site of the
pGEX-3X vector (Amersham Biosciences). The construct ob-
tained was confirmed by sequencing. GST-NPZ5 fusion pro-
tein and GST were produced in E. coli and purified on glu-
tathione beads. The GST-NPZ25 fusion protein was used in ab-
sorption experiments with anti-NP25 antibody.

Anti-NP25 antibody

A rabbit was immunized with the synthetic peptide,
GEPSWFHRKAQQ, corresponding to amino acids 146-157
of rat, human, and mouse NP25' and the antibodies purified
from the sera by affinity chromatography on immobilized pep-
tide. For control experiments, during incubation of the mem-
brane with primary antibody, the anti-NP25 antibody was pre-
absorbed with GST-NP25 protein produced in E. coli.

RT-PCR

Total RNA was isolated from PC12 cells at various
stages of differentiation using Isogen according to the manu-
facturer’s instructions, then 1 mg was reverse-transcribed us-
ing oligo d(T). The PCR primers, designed using the se-
quence for rat NP25 cDNA (accession number AF459788),
were 5’-AAAGGATCCATGGCTAACAGGGGTCCGAGC-
3’ (sense) and 5’-
AAAGAATTCATTACATGATCTGCCTGGGCATCCC- 3 °
(antisense) ; these were used to amplify a 619 bp fragment of
rat NP25 ¢cDNA. The primers for the control, rat glyceralde-
hyde 3-phosphate dehydrogenase (G3PDH), were 5'-
TGAAGGTCGGTGTCAACGGATTTGGC-3’ (sense)and 5°-
CATGTAGGCCATGAGGTCCACCAC-3’ (antisense) ; these
were used to amplify a 983 bp rat G3PDH cDNA. The PCR
conditions used were 26 cycles of denaturation at 94°C for 1
min, annealing at 60°C for 1 min, and extension at 72°C for 1
min. The amplified DNA fragments were electrophoresed on a
2% agarose gel and visualized by ethidium bromide staining.

The intensity of the bands was quantified using a densitometer
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Fig. 1 Phase contrast micrographs of PC12 cells. (a) Untreated PC12 cells ; (b)PC12 cells after differentiation by NGF for 96 h.

Scale bar, 50pm.
(ATTO Densitograph, Tokyo, Japan) .

Western blot analysis
PC12 cells and NSCs at various differentiation stages
were suspended in ice-cold lysis buffer (25 mM Tris-HC1, pH
7.4,1% Triton X-100, 150 mM NaCl, 1 mM EDTA, 1 mM
PMSF and “Complete”). Adult female mouse(C57BL/6)
brain tissue was suspended in ice-cold lysis buffer and soni-
cated for approximately 30 second. Insoluble material was re-
moved by centrifugation at 13, 000X g for 20 min at 4°C. The
protein concentration of the supernatant was determined using
the Bio-Rad protein assay, then the proteins (304 g) were
separated by sodium dodecylsulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) on 12% polyacrylamide gels, and
electrophoretically transferred to polyvinylidene difluoride
membranes. Blocking was performed for 1 h at room tempera-
ture in Tris-buffered saline containing 0.1% Tween-20
(TBST) and 5% skimmed milk. The membranes were incu-
bated for 1 h at room temperature with rabbit antibodies rec-
ognizing either NP25 (1:2,000) oractin (Sigma; 1:5, 000)
in blocking buffer, then, after washing in TBST, for1h at
room temperature with horseradish peroxidase-coupled anti-
rabbit IgG antibody at a dilution of 1:5, 000 in TBST. Labeled
bands were detected using the ImmunoStar system and the in-

tensity of the bands quantified using a densitometer.

Statistical analysis

Three independent experiments were performed and the
data expressed as the mean+S.D. Student’s t test was used to
assess the significance of the differences, a p value less than
0. 05 being considered statistically significant.

RESULTS

NP25 mRNA and protein levels increase during neuronal
differentiation of PCI2 cells

PC12 cells are often used neuronal cell differentiation
model. We treated PC12 cells with NGF and observed neurite
outgrowth as shown in Fig. 1.

Using these cells, we first examined changes in NP25
mRNA during NGF-induced differentiation by RT-PCR. As
shown in Fig. 2, a significant increase to 150% of the zero
hour levels was seen after 48 h of NGF treatment, but, at 96 h
after NGF addition, the levels were below the basal value. In
undifferentiated cultures, NP25 mRNA levels gradually de-
creased with time. No significant changes were observed in G
3 PDH mRNA levels during the time-course examined.

We then examined changes in NP25 protein using West-
ern blotting. Our affinity-purified antibody raised against pep-
tide 146-157 of rat NP25 recognized a band of 22.4 kDa in a
PC12 cell lysate, and binding was inhibited by the preincuba-
tion of the antibody with GST-NP25. In addition, the antibody
recognized a 22.4 kDa band in lysates of NSCs and adult
mouse brain (data not shown) . As shown by the Western blots
in Fig. 3, the amount of NP25 protein showed a slight, but not
significant increase, after 48 h of NGF treatment, and a sig-
nificant increase to 150% of the zero hour value after 96 h of
NGF treatment. In non-NGF-treated cultures, NP25 protein
levels were unchanged at 48 h and slightly decreased at 96 h.
No significant changes were observed in the levels of the ref-
erence protein, actin.

The results show that, during neuronal differentiation of

PC12 cells, there was a significant increase in NP25 mRNA,
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Fig. 2 NGF-induced increases in NP25 mRNA levels in PC12
cells. PC12 cells were incubated for 48 or 96 h in the presence or
absence of NGF, then NP25 and G3PDH mRNA levels were ana-
lyzed by RT-PCR. (A) : Gels showing that bands of the expected
sizes. (B) : Densitometric analysis of the NP25 band expressed as
a percentage of that in untreated cells. The values are the mean=£S.
D. of 3 independent experiments.
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Fig. 3 NGF-induced increases in NP25 protein levels in PC12

cells. PC12 cells were treated as in Fig. 2, and the levels of NP25
protein analyzed by Western blotting. (A) . Changes in NP25 pro-

o

tein levels during PC12 cell differentiation. (B) . The intensity of
each band was analyzed by densitometry and expressed as a per-
centage of that in untreated cells. The values are the means+S.D.
of the results of 3 independent experiments.
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Fig. 4

Differentiated
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Phase contrast micrographs of primary neurospheres and differentiated neural stem cells. (a)Untreated primary neurospheres (day

Differentiated
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0); (b and c)Neural stem cells after differentiation in 10% FBS for 2 days (b) or 5 days (c). Scale bar, 50um.

followed by an increase in NP25 protein.

NP25 protein levels increase during neural differentiation of
NSCs

To examine changes in NP25 protein during NSC differ-
entiation, primary mouse striatal neurospheres were treated for
2-5 days with either 1% FBS plus HGF (20ng/m ¢ ) or 10%

FBS alone. Adult mouse brain was also examined as a control.
As shown in Fig. 4, NSCs grown in 10% FBS-containing me-
dium underwent drastic morphological changes. '

As shown by the Western blots in Fig. 5, NP25 protein
levels in untreated neurospheres were approximately 10% of
those in the adult mouse brain, and increased significantly

during differentiation in a time-dependent manner, irrespec-
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Fig. 5 Differentiation-induced increases in NP25 protein levels
in NSCs. Primary neurospheres were either untreated (day 0 ; lane
fcolumn 2) or treated for 2 days (lanes/columns 3 and 4) or 5 days
(lanes/columns 5 and 6)with 1% FBS plus 20 ng/m ¢ of HGF

(lanes/columns 3 and 5) or 10% FBS (lanes/columns 4 and 6).
The levels of NP25 protein were analyzed by Western blotting.
(A) :Changes in NP25 protein levels in neural stem cells. (B) :The
intensity of each band was analyzed by densitometry and plotted as
a percentage of that of the same band in adult brain (lane/column
1). The values shown are the mean=S.D. for 3 independent ex-
periments.

tive of whether differentiation was induced by 10% FBS or
1% FBS plus HGF. At day 5, the levels of NP25 protein were
significantly increased 2. 5-fold compared to adult brain and
25-fold compared to untreated neurospheres. It has been re-
ported that, in 10%FBS, most neurospheres differentiate into
astrocytes, whereas, in 1% FBS plus HGF, about 50% differ-
entiate into neurons, 45% into astrocytes, and 5% into oli-
godendrocytes”; these results were confirmed in our experi-
ments (data not shown) . No significant differences were seen
between cells grown in 1% FBS plus HGF and those grown in
10% FBS.

These results showed that NSCs expressed a relatively
low amount of NP25 protein compared to differentiated brain
tissues, and that the amount of NP25 protein increased greatly
during neural differentiation from NSCs to astrocytes and neu-

rons.

DISCUSSION

It is well documented that neural differentiation proc-

esses, such as neurite extension, involve the dynamic reor-

11)

ganization of actin filaments ™. Regulation of actin dynamics
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is therefore crucial for precise neuronal development.

NP25 shows high homology with members of the cal-
ponin family of actin-binding proteins, such as SM22 and cal-
ponin (63% and 45% identity of amino acids, respectively).
These proteins are major components of differentiated smooth
muscle cells, showing actin-binding properties. Increased SM
22 expression has been reported to correlate with muscle cell
differentiation” ™. In addition, it was recently reported that
SM22 and calponin regulate actin filament stability'.

The present experiments showed that levels of NP25
mRNA and protein increased during the NGF-induced neuro-
nal differentiation of PC12 cells. NP25 protein also increased

during the neural differentiation of NSCs. Ren et al”

reported
that no significant change was observed during PC12 differen-
tiation induced with NGF. We do not have good explanation
for this discrepancy, though there are many types of PC12
cells and some of them might not be good for differentiation.
SM22 and calponin are only present in smooth muscle cells,
whereas NP25 is expressed only in neural system. It is reason-
able to consider that NP25 might play a similar role (s) in neu-
ral cells to those in smooth muscle cells by SM22 or calponin.
In this context, it is interesting to note that we also observed
that NP25 interacts with filamentous actin in SK-N-SH
cells”. Thus, it is possible that NP25, which binds to actin
filaments, might regulate actin dynamics during neurite exten-
sion in neural differentiation. Although we have demonstrated
that NP25 increases during neural differentiation, further in-
vestigations are needed to clarify the biological significance of
this. Experiments with neuronal model cells overexpressing or
lacking NP25 would be very helpful in future investigations
and are currently being undertaken in our laboratory.
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