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Abstract

von Hippel-Lindau tumor suppressor (VHL) protein functions to cause somatic stem
cells to differentiate into neurons. Not only VHL protein but also a peptide derived
from it shows this capability of eliciting neuronal differentiation by somatic stem
cells. Up to now, rodent neural stem cells (NSCs) and human hair follicle stem cells,
both of which are derived from ectoderm, have been shown to undergo neuronal
differentiation triggered by VHL protein or a peptide derived from it. In addition,
rodent skin-derived precursors and rodent bone marrow mesenchymal stem cells, both
of which are derived from mesenchyme, also can differentiate into neurons by the
same method. A 15-amino-acid peptide derived from VHL protein corresponds to the
part of the sequence of VHL that binds to elongin C, which sequence is considered to
be a domain for neuronal differentiation. The mechanism of neuronal differentiation
of somatic stem cells by VHL is suggested to be inhibition of Stat 3. When VHL protein
or oligopeptide derived from it was transferred into somatic stem cells and these cells
were transplanted into the central nervous system of animals modeling a neuronal
disease, the implanted cells differentiated into neuronal cells, resulting in recovery of
neuronal functions. These facts suggest that somatic stem cells with transferred VHL
protein or oligopeptide derived from it are candidates of donor cells for regeneration
therapy of intractable neuronal diseases.
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INTRODUCTION

von Hippel-Lindau disease is a hereditary multi-cancer
syndrome that encompasses central
hemangioblastoma, retinal angioma, renal cell cancer, and
pheochromocytoma [1]. The causative gene composed of 3 exons
and encoding 213 amino-acids, hasbeenidentified atchromosome
3p25 region [2]. The functions of this gene include inhibition
of mRNA elongation [3], inhibition of hypoxia inducible factor
(HIF)-1a [4], and induction of neuronal differentiation of neural
progenitor cells [5]. These functions are normally controlled
under normoxia, but not under hypoxia [4]. VHL protein is
expressed in the cytoplasm of not only neural progenitor cells [5]
but also in that of adult neurons [6]. The VHL protein is widely
expressed in normal human tissues, but the cellular distribution
of the protein is confined to the cytoplasm of specific cell types.
High-level expression of the protein is observed in neural tissue,
especially in Purkinje cells, Golgi type II cells, and cells in the
dentate nucleus of the cerebellum, pontine nuclei, and inferior
olivary nucleus of the medulla oblongata [6]. However, the
significance of the expression of VHL protein in neurons has
remained unclear. In addition, strong expression of VHL protein
is observed particularly in the cytoplasm of renal tubule cells
[6]. Since VHL protein plays an important role during neuronal
differentiation [5], neuronal differentiation of somatic stem cells
elicited by VHL protein might be useful for neuronal regeneration
therapy by transplantation of somatic stem cells transfected with
the VHL gene [5,7]. Here, in the context of translational research,
we review the literature showing that VHL protein or a peptide
derived from it promotes the differentiation of somatic stem
cells into neuron-like cells [5,7], which ability suggests that these
transfected stem cells might be useful as donor cells for neuronal
regeneration therapy [8-12]. For use of somatic stem cells as
donor cells for neuronal regenerative therapyi, it is desirable that
these cells differentiate into neuronal cells in the implant site. If
naive somatic stem cells are implanted into the central nervous
system (CNS), they rarely survive; and those that do scarcely

nervous system

differentiate into neurons.

Somatic stem cells capable of neuronal differentiation are
classified into ectoderm-derived stem cells and mesenchyme/
mesoderm- derived stem cells. Endoderm-derived stem cells
scarcely show neuronal differentiation. Up to now, somatic stem
cells reported to differentiate to neuronal cells when transfected
with the VHL gene or a peptide derived from VHL protein are
the following: rodent neuronal progenitor cells/neural stem
cells (NPSs/NSCs) [6,9], human hair follicle stem cells (FSCs)
[13], rodent skin-derived precursors (SKPs) [10,12], and rodent
bone marrow mesenchymal stem cells (MSCs) [11]. The methods
for isolation and culturing of these cells have been previously
described [8,10,13,14].

Expression of VHL protein in neuronal progenitor
cells

When neuronal progenitor cells (NPCs) were obtained from
the forebrain of the E12 rat fetus, the expression levels of VHL
protein and microtubule-associated protein (MAP)-2 were

positively correlated during the development of the neuronal
progenitor cells [6]. At day 1 after NPCs were placed in primary
culture with bFGF, VHL protein and neuron-specific marker
microtubule-associated protein (MAP)-2 were expressed at a low
level, but by day 14 high levels of them were detected. On the
other hand, when NPCs were cultured with EGF instead of bFGF,
these cells expressed neither protein at a high level [6].

Neuronal differentiation of neuronal progenitor
cells/neural stem cells transfected with the VHL gene

Through transfection of NSCs/NPCs with a VHL protein-
expressing herpes virus vector or adenovirus vector, these cells
differentiated into neuron-like cells in vitro and in vivo [5,7].
It was first reported that NPCs differentiated into neuronal
marker-expressing cells through transfection with the VHL
protein-expressing herpes simplex virus vector [5]. Significant
expression levels of VHL protein and MAP-2 were observed at 3
and 24 hours, respectively, after transfection with the VHL gene;
and the expression of both was observed significantly earlier
than that in the control (P <0.0001) [6]. In addition, through
transfection with a VHL protein-expressing adenovirus vector,
NPCs differentiated into neuronal marker-positive cells [7]. On
the other hand, the expression levels of astrocytic marker glial
fibrillary acidic protein (GFAP) and oligodendroglial marker 04
decreased in NPCs following transfection with the VHL gene [7].
MAP-2 and tyrosine hydroxylase (TH) increased in expression in
response to the transfection. The ratio of MAP-2 positive NPCs to
total NPCs was significantly much higher in VHL gene-transfected
NPCs treated with glial cell line-derived neurotrophic factor
(GDNF) than in control NPCs without this factor (P<0.01) [7].
In line with these findings, it was also shown that a VHL mRNA
antisense oligonucleotide inhibited the differentiation of NPCs

[6]-

Neuronal differentiation of somatic stem cells by
intracellular delivery of the VHL peptide having the
sequence of the elongin C-binding site

Through intracellular delivery of the 15 amino-acid peptide
comprising the binding site for elongin C within the VHL protein
(VHL peptide), the induction of neuronal differentiation of
NPCs was examined. Elongin C, a ligand of the VHL protein,
forms the elongin BC complex with elongin B, which complex
then binds to elongin A, a transcription factor that elongates
mRNA, or to BC-box proteins, which inhibit signal transcription
factors such as Stat3, a transcription factor related to astrocytic
differentiation [15]. Therefore, a peptide containing the binding
site for elongin C was speculated to have the capability to induce
neuronal differentiation owing to its neuronal differentiation-
inducing domain [8]. For the intracellular delivery of the VHL
peptide, diloeoyl phosphatidyl ethanolamine lipid reagent for
encapsulating molecules (BioPorter) was used. The BioPorter-
peptide complexes become attached to the negatively charged
cell surface and fuse with it, resulting in delivery of the captured
protein into the cells. Four hours after the intracellular
delivery, neurite outgrowth from NPCs was observed when
the VHL peptide was used at a 0.3-uM concentration or above.
Immunocytochemically, NPCs showed increased expression of
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MAP-2 after the delivery of the peptide, but decreased expression
of GFAP [8]. In the electrophysiological study, voltage-gated
inward and outward currents were recorded in the whole-cell
patch-clamp configuration. In whole-cell recordings of the VHL
peptide-containing NPCs, the depolarizing voltage steps elicit
both large outward potassium currents and fast inward Na+
currents, which are hallmark features of differentiated neurons
[8]. Furthermore, through the intracellular transfer of the protein
transduction domain (PTD) linked to the VHL peptide (PTD-VHL
peptide), NSCs differentiated into neuronal marker-positive
neuron-like cells in vitro [9]. The majority of NSCs with transferred
PTD-VHL peptide expressed neuron-specific markers such as
neurofilament (NF)-H, MAP2, and Tuj-1, whereas the minority
were positive for the stem cell marker nestin or the astrocytic
marker GFAP. By western blotting for NSCs done 7 days after
treatment with PTD-VHL peptide, a significantly greater amount
of NF-H protein was observed in the PTD-VHL-peptide-bearing
cells than in the PTD-peptide alone-treated group. In addition,
a significantly greater amount of MAP2-protein was seen in the
former than in the latter [9].

Similarly, the transfer of PTD-VHL peptide induced
neuronal differentiation in skin-derived precursors (SKPs)
[10,12]. Morphological analysis of SKPs by use of phase-contrast
microscopy revealed that after the treatment of SKPs with PTD-
VHL peptide these cells showed significant neurite outgrowth
by 24 hours after the start of treatment, whereas a peptide from
another part of the sequence of the VHL protein or the PTD-alone
peptide did not elicit such outgrowth. Immunocytochemical
analysis of NFM in SKPs 7 days after treatment with PTD-VHL-
peptide indicated significantly higher expression of these
neurofilaments in PTD-VHL peptide-treated cells than in the
control ones [10] (Figure 1). Reverse transcription polymerase
chain reaction (RT-PCR) analysis revealed up-regulation of basic
helix-loop-helix (bHLH) determination factors (neurogenin3;
Ngn3) and that of bHLH differentiation factor (NeuroD) as well as
down-regulation of inhibitory bHLH (Hes1) in PTD-VHL peptide-

treated SKPs compared with their respective levels in the control
cells [10].

In a study on human hair follicle stem cells (FSCs),
neuronal differentiation of the stem cells was examined after
the intracellular delivery of PTD-VHL peptide [13]. Two days
after delivery of 1-uM peptide, observation by phase-contrast
microscopy showed that most cells extended neurite-like cellular
processes; whereas the control cells receiving just the PTD
peptide elaborated significantly fewer of these processes. In this
same immunocytochemical in vitro study, the PTD-VHL peptide-
treated FSCs highly expressed various neuronal markers (MAP2,
NFM, NFH, and Tuj-1); whereas those treated with PTD peptide
alone showed only low expression of these markers [13].

In addition, neuronal differentiation of rat bone marrow
mesenchymal stem cells (MSCs) by intracellular delivery of
PTD-VHL peptide was examined in vitro [11]. One week after
the intracellular delivery of the peptide, MSCs changed their
morphology into multiple process-bearing neuron-like cells and
expressed neuronal lineage markers, Tuj-1 and MAP-2. PTD-
VHL peptide-bearing MSCs showed significantly higher rates
of expression of both Tuj-1 and NFH than the control peptide-
treated ones. Quantitative RT-PCR evaluation indicated that the
MSCs with transferred PTD-VHL peptide expressed significantly
more NFH mRNA or MAP2 mRNA than the ones treated with the
control peptide. Western blot analysis indicated that the PTD-
VHL peptide-bearing MSCs distinctly expressed NFH and MAP2
proteins, whereas the cells treated with the PTD peptide alone
scarcely did so [11].

Transplantation of somatic stem cells transfected
with VHL gene and that of PTD-VHL peptide-treated
ones into the rodent brain

Yamada et al. transplanted somatic stem cells into the
rodent brain to examine whether these cells could differentiate
into functional neuronal cells and repair the damage caused by

PTD

-
Neurosphere of rat SKPs \

Neurally differentiated SKPs in vitro
after delivery of PTD-VHL peptide

into a rat brain

Figure 1 Intracelluar delivery of PTD-VHL peptide into skin-derived precursors (SKPs) causes the cells to differentiate dinto neuron-like cells in

vitro and in vivo. A neurosphere of SKP cells with some being nestin positive (green) is shown. In vitro neurally differentiated cells from SKPs are

positive for NFM (green). PTD-VHL peptide-bearing SKPs transplanted into a rat brain are NeuN positive. The transplanted cells had been pre-

labelled to emit red fluorescence. Cellular nuclei were stained with DAPI (blue) in all figures.
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neuronal diseases [7]. First of all, after NPCs had been transfected
with VHL protein-expressing adenovirus vectors, the cells were
transplanted into the striatum of rats modeling Parkinson’s
disease (PD). Prior to the transplantation, these cells were
labeled with bromodeoxyuridine (BrdU). The results revealed
that numerous BrdU-tyrosine hydroxylase (TH) double-labeled
cells could be seen close to the transplant site, showing that the
transplanted cells had efficiently generated new dopaminergic
neurons within the host striatum. Moreover, all of the animals
transfected with NPCs with the VHL gene showed a remarkable
decrease in apomorphine-induced rotations. These findings thus
indicate that NPCs transfected with the VHL gene could efficiently
differentiate into dopaminergic neurons [7].

In other studies exploring the possibility that SKPs could
survive and function in vivo, SKPs treated with PTD-VHL
peptide were transplanted into the striatum of PD model rats
[10,12]. The transplanted SKPs differentiated into not only
TH- or dopamine transporter (DAT)-positive cells in the rat
brain, but also secreted dopamine and repaired symptoms (e.g.,
apomorphine-induced rotations) in this PD model (unilateral
6-OHDA-lesioned rats) [12]. Two weeks after the 6-OHDA
lesioning, the rats were depleted of dopaminergic innervations
in their ipsilateral striatum and exhibit a characteristic rotation
behavior as a response to the apomorphine challenge [12].
Functional analysis of this apomorphine-induced rotation
behavior revealed that rats in the PTD-VHL-peptide-treated SKP
group showed a slight but significantly greater improvement at 4
weeks after the transplantation than the rats in the non-treated
SKP group or sham-operation group. To evaluate the survival and
morphological maturation of SKPs grafted in the striatum of PD
model rats, the cells were prelabeled with red fluorescence before
grafting. The animals were then sacrified for histological analysis
8 weeks after the engraftment. No tumor formation by the grafts
was found in these animals [10]. Immunohistochemical analysis
of sections by use of confocal microscopy revealed that more
than 5% of the fluorescence-labeled transplanted cells survived
in the PD rats. In the PTD-VHL-peptide-SKP group, fluorescence
-labeled cells showed high positive rate for NeuN as well as for
TH; and the sprouting of dopaminergic neurons surrounding
the fluorescence-labeled cells was enhanced; whereas in the
sections prepared from the naive SKP group, the fluorescence-
labeled cells showed a low positive rate for NeuN as well as for
TH [10] (Figure 1).

PTD-VHL peptide-bearing FSCs and control ones were
prelabelled with red fluorescence and separately implanted into
rodent brains [13]. Three weeks later, after perfusion/ fixation,
the brains were frozen with liquid nitrogen and sectioned.
The number of surviving implanted cells (red fluorescence
-prelabelled cells) among the implanted PTD-VHL-peptide-
treated FSCs was significantly greater than that of the cells
treated with PTD alone. In addition, prelabelled cells expressing
Tuj-1 represented 38.8% * 3.5% of the PTD-VHL peptide-treated
cell population, which percentage was significantly greater (p <
0.01) than the 9.3% #* 1.5% found for the one treated with PTD
peptide alone [13].

Transplantation of somatic stem cells into the spinal
cord

Immunohisto chemical results obtained by confocal analysis
four weeks after transplantation of NSCs into striatum revealed
that the number of surviving (red fluorescence-prelabeled cells)
PTD-VHL-peptide-treated NSCs was significantly greater than
that of the non-treated cells (P<0.05). In addition, the PTD-VHL-
peptide-treated fluorescence-prelabeled NSCs co-localized more
with neuronal markers than with a glial marker suggesting that
these NSCs had differentiated into neurons rather than into
astrocytes in the injured spinal cord [9].

Similarly, four weeks after transplantation of MSCs into the
rat spinal cord, confocal analysis of MSCs treated with PTD-
VHL peptide or PTD peptide alone showed that the number
of the surviving cells (red fluorescence-prelabeled cells) was
significantly greater for the former than for the latters (P<0.01).
The data also indicated that more PTD-VHL peptide-MSCs had
differentiate into NFH-positive cells than the cells treated with
PTD peptide alons [11].

Correlation of functional recovery in PD-model rats
with dopamine levels in the lesioned striatum

The behavior of a novel population of VHL gene-transfected
NPCs compared with that of non-transfected NPCs was
investigated after their implantation into the adult rat striatum
previously lesioned by 6-OHDA [7].
transplanted NPCs differentiated into astrocytes, and only a
few of them differentiated into neurons. In contrast, VHL gene-
transfected-NPCs differentiated into neurons, with more TH-
positive cells formed in vivo than in vitro. The physiological
function of TH-positive cells generated from these latter NPCs was
assessed in this study by analysis of recovery from apomorphine-

Most non-transfected

induced rotation behavior in a rat model of PD. All of the
animals transplanted with VHL gene-transfected-NPCs showed
a remarkable decrease in apomorphine-induced rotations for
up to 16 weeks. In contrast, no behavioral improvements were
noted in rats after sham surgery or after transplantation with
non-transfected NPCs. Therefore, the behavioral improvement
after transplantation of the former NPCs was considered to
relate primarily to the survival of grafted TH-positive cells,
neuritic outgrowth with synaptic connectivity, and graft-derived
dopamine production. As the data indicated that numerous TH-
positive cells hadodifferentiated from the VHL gene-transfected
NPCs, this method using NPCs transfected with the VHL gene can
be expected to likely supply a sufficient number of dopaminergic
neurons to treat PD patients [7].

In other studies, apomorphine-induced rotational behavior
of 6-OHDA-lesioned rats in the group implanted with PTD-VHL
peptide-treated SKPs (PTD-VHL-SKP group) was compared with
that in control group rats [10,12]. In the PTD-VHL-SKP group,
the mean number of rotations per minute was significantly
decreased. Extracellular dopamine levels in the lesioned striatum
post-transplantation were evaluated by measuring the dopamine
content in dialysates. Dopamine levels in the PTD-VHL-SKP
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group were significantly greater than those in the non-treated
SKP group, thus suggesting that transplantation of PTD-VHL
peptide-treated SKPs increased the dopamine concentration
in the lesioned striatum [12]. The reduction in the numbersof
apomorphine-induced rotations in each rat was plotted against
the dopamine level in the engrafted striatum, and linear-
regression analysis was performed. The analysis indicated that
these 2 parameters were significantly positively correlated
[12]. Therefore, these data suggest that the increased dopamine
production induced by transplantation of SKPs treated with PTD-
VHL peptide contributed to the behavioral recovery in the PD
rats [10,12].

Evaluation with Basso-Beattie-Bresnhan (BBB)
locomotion scores in rats transplanted with NSCs ord
MSCs

In rats transplanted with NSCs, at 1 week after spinal cord
injury,the BBB scores, which reflect rat locomotor function,
were 0 points in the sham-operated rats;,and at 1 week after
transplantation, there were no significant differences in the BBB
scores of the NSCstransplantation groups. From 35 days after
transplantation, in the BBB scores, a significant difference was
recognized between rats transplanted with PTD-VHL-peptide-
treated NSCs and rats transplanted with non-treated NSCs
(P<0.05) or sham-operated rats (P<0.01) [9].

Similarly, in rats transplanted with MSCs, postoperative
locomotor function evaluated in terms of the BBB score was
judged as 0 points in each group 7 days after surgery. The rats
transplanted with the PTD-VHL peptide-treated MSCs showed
significant improvement of their BBB scores (P<0.01) compared
with the score for each of the other groups [11].

DISCUSSION

Expression of VHL protein was progressively observed in
cultured NPCs. VHL protein was initially undetectable in freshly
harvested E12 cells, which were mostly nestin positive. By day 14,
expression of VHL protein was increasingly evident. In addition,
expression of VHL protein was correlated with expression of
MAP-2, and VHL protein and MAPs were expressed in the same
cells. However, expression of VHL protein was shown in the
nucleus and the cytoplasm, whereas MAPs expression was shown
in the cytoplasm and the dendrites. Their expression in the same
cell type suggested that the VHL protein might be involved in
central nervous system (CNS) development [5]. The study on VHL
gene transfection of NPCs revealed that the VHL protein potently
induced neuronal differentiation. In contrast, suppression of
the VHL gene inhibited neuronal differentiation and promoted
cell-cycle transition in NPCs [5]. In addition, it has been shown
that expression of the VHL protein correlates with neuronal
differentiation but not with glial differentiation [5]. It was also
shown that VHL gene transfection can efficiently produce not only
MAP-2-positive cells but also TH-positive cells [7]. Moreover,
when GDNF was added to the medium, dopamine production
remarkably increased. This fact shows that VHL and GDNF acted
synergistically to direct NPC differentiation into dopaminergic
neurons [7]. A previous report showed that progenitor cells
isolated from the developing human brain, and transplanted into
the rat striatum, produced very few TH-positive cells, and those

cells in the striatum mostly differentiated into astrocytes [16].

All of the animals transplanted with VHL gene-transfected
NPCs showed a remarkable behavioral improvement. In
contrast, no behavioral improvements were noted in rats after
sham surgery or after transplantation with non-treated NPCs.
Therefore, the behavioral improvement after transplantation
of VHL gene- transfected NPCs is suggested to be related to the
survival of grafted TH-positive cells, neuritic outgrowth with
synaptic connectivity, and graft- derived dopamine production.
The finding that numerous TH-positive cells differentiated from
the grafted VHL gene-transfected NPCs suggestd that there would
likely be an adequate supply of dopaminergic neurons formed for
regenerative therapy ot PD patients.

To improve functional recovery after cell transplantation
into the injured spinal cord, it is critical that transplanted cells
survive and differentiate into neuronal cell lineages beneficial
for remyelination, functional synaptic replacement, neurotrophic
factor delivery, and axon elongation, all of which contribute to the
promotion of spinal cord regeneration [2]. Therefore a strategy
using implantation of neuronal lineage-restricted stem cells has
been advocated, and it was shown that neuronal differentiation
on NSCs by intracellular delivery of PTD-VHL peptide into NSCs
could be used as an alternative method to the gene transfection
[11]. VHL-peptide-treated NSCs show s higher rate of survival
when engrafted into the spinal cord than non-treated NSCs. This
higher survival rate of transplanted VHL-peptide delivered NSCs
was also recognized in the intracerebral transplantation of VHL
gene-transfectedd NSCs [7]. These neurally differentiated NSCs
might become acclimatized to the environment of the neuronal
tissue. In addition, statistically significant behavioral difference
between rats transplanted with PTD-VHL-peptide-treated
NSCs and rats with non-treated NSCs was found in terms of
locomotion. This fact suggested that these cells brought about
an improvement in the motor function in rats with acute spinal
cord injury. The finding of the neuronal differentiation of NSCs
through VHL-peptide transfer could well contribute to the cure
of spinal cord injuries. Similarly, neuronal differentiation of MSCs
before cell transplantation is fundamental for therapy aimed at
regeneration. Compared with NPCs/NSCs[8,9] SKPs[10]and MSCs
showed less neuronal differentiation by intracellular delivery
of the VHL peptide Untreated naive MSCs were unsatisfactorily
differentiated into neuron-like cells when transplanted into the
spinal cord and were insufficient in causing behavorial recovery of
model rats with spinal cord injury, where as VHL peptide-treated
MSCs were significantly more differentiated into neuron-like
cells and sufficiently recovered normal behavior. These results
suggest that neuronal differentiation of MSCs before grafting for
spinal cord injury could contribute to repair of the injured spinal
cord. In comparison with other reports on the transplantation of
treated MSCs for the repair of spinal cord injuries, the method
using VHL peptide showed equal or greater functional recovery
in terms of the BBB locomotor scale than other methods [11].

SKPs are the ideal precursor cell populations that can
be derived in an autologous fashion from small amounts of
accessible tissue biopsies and are pluripotent somatic stem
cells capable of differentiating into both neural and mesodermal
progenies. Ine our previous studies [10,12], SKPs with specific
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induction via PTD-VHL peptide were shown to differentiate into
dopamine neuron-like cells in vitro and after being transplanted
into PD model rats. Suchsstudiesdcontribute to cell therapy for
PD [17,18]..

In addition, neuronal differentiation of human FSCs occurred
when the PTD-VHL peptide was intracellularly delivered into
these [13]. These cells are promising as donor cells for the
treatment of intractable neuronal diseases. However, if these cells
without neuronal differentiation are implanted, they scarcely
survive or differentiate into functional neuronal cells, similar to
the case of other stem cells. Therefore, before implantation for
cell therapy of intractable neuronal diseases, such cells would be
required to differentiate into neuronal cells. Intractable neuronal
diseases such as PD disease develop more frequently in elderly
patients. Therefore, it is significant that multipotent somatic stem
cells obtained from elderly humans can be used as donor cells for
cell transplantation therapy [13].

The neuronal-differentiation method using PTD-VHL peptide
is very simple because only the PTD-VHL peptide needs to
be added to basic medium lacking serum, and it is also rapid
compared with previously reported methods using various
neurotrophicfactorsand other neuronal- differentiation-inducing
agents. Thus, the use of PTD-VHL peptide is recommended for the
neuronal differentiation of multipotent somatic stem cells.

Although there is much evidence that intracellularly
delivered VHL peptide induced neuronal differentiation of
various somatic stem cells, the molecular mechanism underlying
this induction has not been clarified. The VHL peptide was
designed to specifically bind to elongin C. Activation of elongin
C by VHL peptide is necessary and sufficient for formation of
the elongin BC complex and subsequent ubiquitin-dependent
signal regulation for cellular growth and differentiation [12].
In the crystal structure, the VHL peptide forms a helix that fits
into a concave surface present on elongin C. It seems likely that
inhibition of elongin A contributes to function of VHL protein,
and that competition between VHL peptide and elongin A may be
related to the effects of the peptide on neuronal differentiation
of somatic stem cells. In addition, the elongin BC complex binds
to various kinds of proteins that can induce the ubiquitination
and degradation of Stat 3 [12]. It has been reported that Stat3
promotes astrocytic differentiation, and that degradation of
Stat 3 directly inhibits astrocytic differentiation and accelerates
neuronal differentiation [19]. Further study will be required
to investigate whether those pathways involving Stat 3 play an
important role in neuronal differentiation induced by the VHL
peptide [12].

In conclusion, it was shown thate when somatic stem cells
treated in vitro with the VHL gene or PTD-VHL peptide were
implanted into the rat brain or spinal cord, they differentiated
into neuronal marker-positive cells. The neuronal differentiation
method using PTD-VHL peptide is very simple, rapid, and
superior to the methods using transfection with the VHL gene
or neuronal differentiation-inducing agents. Thus, the use of
PTD-VHL peptide for the neuronal differentiation of multipotent
somatic stem cells is to be recommended.
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