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A B S T R A C T

Introduction. Erectile dysfunction remains a major complication after surgery of pelvic organs, especially after
radical prostatectomy.
Aim. The aim of this study was to assess the effect of endothelial progenitor cells on the regeneration of cavernous
nerves in a rat injury model.
Methods. A 2 mm length of the right and left cavernous nerves of 8-week-old male nude rats were excised. Alginate
gel sponge sheets supplemented with 1 × 104 CD133+ cells derived from human bone marrow were then placed over
the gaps on both sides (CD group). The same experiments were performed on sham-operated rats (SH group), rats
with only the nerve excision (EX group), and rats with alginate gel sheets placed on the injured nerves (AL group).
Main Outcome Measures. Immunofluorescence staining and molecular evaluation were performed 4 days later.
Functional and histological evaluations were performed 12 weeks later.
Results. The intracavernous pressure elicited by electrical stimulation and the neuronal nitric oxide synthase-
positive area in surrounding tissues of the prostate was significantly greater in the CD group. Immunofluorescence
microscopy showed that CD133+ cells were assimilated as vascular endothelial cells, and the real-time polymerase
chain reaction showed upregulation of nerve growth factor and vascular endothelial growth factor in the alginate gel
sponge sheets of the CD group.
Conclusions. Transplantation of CD133+ cells accelerated the functional and histological recovery in this cavernous
nerve injury model, and the recovery mechanism is thought to be angiogenesis and upregulation of growth factors.
CD133+cells could be an optional treatment for cavernous nerve injury after prostatectomy in clinical settings.
Miyamoto K, Inoue S, Kobayashi K, Kajiwara M, Teishima J, and Matsubara A. Rat cavernous nerve
reconstruction with CD133+ cells derived from human bone marrow. J Sex Med **;**:**–**.
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Introduction

E rectile dysfunction (ED) is one of the major
complications for men who undergo radical

prostatectomy because this surgical procedure fre-
quently causes cavernous nerve injury. Although
nerve-sparing techniques have made amazing
strides, even when bilateral nerve-sparing tech-
niques are used, the percentage of sexually active
men retaining sexual potency after radical prosta-
tectomy ranges from 31% to 86% [1]. Autologous

nerve interposition grafting can prevent postop-
erative ED in prostate cancer patients who require
wide resection of the prostate with neurovascular
bundles, but among its many disadvantages are
permanent loss of sensation, scar formation at the
denervated sites, and the limited availability of
donor nerves. Furthermore, the potency rates fol-
lowing the nerve-grafting operation are 31–43%
[2] [3].

Many investigators have been studying the
potential of cavernous nerve regeneration by using
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animal models of ED. A biodegradable conduit
graft and collagen sponge [4], glial cell-derived
neurotrophic factor-transduced Schwann cell-
seeded silicon tubes [5], and an alginate gel sponge
sheet [6] have been used to regenerate injured
nerves.

In the present study, we used human-derived
CD133+ cells, which are a subset of CD34+ cells
and have a very high potential for proliferation and
differentiation [7], to regenerate cavernous nerves
in a rat model. This is the first time these cells have
been used in nerve regeneration studies, and here
we show these cells strongly stimulate cavernous
nerve regeneration by inducing angiogenesis.

Methods

Animals
We used 8-week-old male athymic nude rats
(F344/N Jcl rnu/rnu, CLEA Japan, Inc., Tokyo,
Japan) weighing 230–250 g and prepared a total of
36 rats. Twenty-eight rats were divided into four
groups of seven each and assessed at 12 weeks later
for functional and histological evaluation. Six rats
were divided into two groups of three each and
assessed at 4 days later for molecular evaluation,
and two rats were assessed at 4 days later for his-
tological evaluation. All the animal procedures
were approved by the Animal Care and Animal
Use committees of Hiroshima University.

CD133+ Cells and Alginate Gel Sponge Sheet
CD133+ cells derived from human bone marrow
were purchased from Lonza (Walkersville, MD,
USA). Just before use, they were thawed according
to the manufacturer’s instruction and resuspended
in phosphate-buffered saline (PBS) at a concentra-
tion of 1 × 104 cells per 40 μL. Alginate gel sponge
sheets were supplied by Koyo Sangyo, Tokyo,
Japan.

Antibodies for Immunostaining
We used antibodies for neuronal nitric oxide syn-
thase (nNOS) (Cell Signaling Technology, Inc.,
Danvers, MA, USA) and S100 protein (Dako,
Carpinteria, CA, USA) to detect neuron tissue.
nNOS is specific to cavernous nerve fiber, and S100
is specific to Schwann cells. We also used antibody
for von Willebrand factor (vWF) (Dako) and
α-smooth muscle actin (αSMA) (Dako) to find
endothelial cells or blood vessels, and used
anti-human nuclear antigen (HNA) antibody
(Chemicon International, Temecula, CA, USA) to

find human-derived cells. The secondary antibod-
ies were as follows: Alexa-conjugated goat anti-
mouse immunoglobulin G (IgG) (Molecular
Probes, Eugene, OR, USA) for HNA and αSMA,
and Alexa-conjugated goat anti-rabbit IgG
(Molecular Probes) for nNOS, S100, and vWF
protein.

Surgical Procedures
The rats were anesthetized with pentobarbital
sodium (50 mg/kg, intraperitoneally). A lower
abdominal midline incision was made from the
symphysis pubis to mid-abdomen. Then on the
right and left sides of the prostate, the major pelvic
ganglion (MPG) and the cavernous nerves extend-
ing from it to the penis were identified and exposed
under magnification (Step 1). The rats undergoing
only this procedure were designated to the sham
(SH) group. Then on both sides, a 2 mm length
between the MPG and penile base was excised from
the cavernous nerves with micro-scissors (Step 2).
The rats undergoing only the Step 1 and Step 2
procedures were designated to the excision (EX)
group. Then a 4 mm × 4 mm alginate gel sponge
sheet was placed, without suturing, over the gap
between the stumps of the cavernous nerves (Step
3). The rats undergoing only the Step 1, Step 2, and
Step 3 procedures were designated to the alginate
(AL) group. Finally, CD133+ cells (1 × 104/40 μL
PBS) were dropped onto the sheet (Step 4). The
rats undergoing all four of these procedures were
designated to the CD133+ (CD) group.

Evaluation of Erectile Function
Twelve weeks after the above surgery, 7 rats (14
study nerves) in each group again received pento-
barbital anesthesia. The right and left MPG were
exposed as described above, and a 23G needle was
inserted into the penile crus, filled with 250 U/mL
heparin solution, and connected to a pressure trans-
ducer for intracavernous pressure (ICP) measure-
ment. A 24G polyethylene cannula filled with
250 U/mL heparin solution was inserted into the
right femoral artery and connected to a pressure
transducer for monitoring arterial pressure (AP).
Electrical stimulation (0.5 mA and 20 Hz for 1
minute) was applied to the MPG on each side by
using a bipolar hook electrode connected to an
electrostimulator (Unique Acquisition version 3,
Unique Medical, Tokyo, Japan). On each side, the
ICP and AP during the electrostimulation were
measured simultaneously, and the maximal ICP
divided by the mean AP (ICP/MAP) was calculated.
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The mean ICP/MAP for a total of 14 sides was then
compared among the four groups.

Morphologic Analysis
After the evaluation of erectile function, prostates
were harvested en bloc with surrounding tissues
from two rats (four study nerves) in each group
and placed in 10% neutral-buffered formalin. The
tissues were embedded in paraffin and cut into
4 μm thick sections at 20 μm intervals. The sec-
tions at the intermediate portion between the
MPG and penile base were then stained with
hematoxylin-eosin (HE) and observed by light
microscopy.

Immunohistochemical Analysis of Nerve Regeneration
and Angiogenesis
Frozen sections were prepared for immunohisto-
chemical analysis. As in the analysis with HE stain-
ing, prostates were harvested en bloc with
surrounding tissues from two rats (four study
nerves) in each group. The harvested tissues were
fixed in 4% paraformaldehyde for about 48 hours
and then immersed in a series of increasing concen-
trations (10%, 20%, and 30% wt/vol) of sucrose in
PBS. They were then embedded in freezing
medium (optimal cutting temperature compound,
Sakura Finetek, Torrance, CA, USA) and frozen in
liquid nitrogen at −80°C. Transverse sections 8 μm
thick were serially sliced on a cryostat at intervals of
40 μm. Sections at the intermediate portion
between the MPG and penile base were thaw-
mounted on Matsunami adhesive silane-coated
glass slides and air dried. After the sections were
treated with blocking solution (Protein Block
Serum-Free, Dako) for 30 minutes, antibodies for
nNOS (1:200), or vWF (1:100) and αSMA (1:100)
were applied. Alexa-conjugated goat anti-rabbit
IgG (1:500) and Alexa-conjugated goat anti-mouse
IgG (1:500) were used as the secondary antibodies.
A 4′,6-diamidino-2-phenylindole solution was also
applied for 5 minutes for nuclear staining. Cover-
slips were attached to the slides by using
Fluoromount mounting medium (Diagnostic
BioSystems, Pleasanton, CA, USA).

Five serial sections were selected from the
portion where cavernous nerves had been excised,
and nNOS-positive cells, vWF-positive cells, and
αSMA-positive cells were observed using a fluo-
rescence microscope (BZ-8100, Keyence Corpo-
ration, Osaka, Japan). We then measured the total
nNOS-positive area in each section by using image
analysis software (NIH Image, National Institutes
of Health, Bethesda, MD, USA) and calculated the

mean value for 20 portions (5 serial sections × 2
rats × right and left sides). For the AL group and
CD group, we also evaluated blood vessel density
in surrounding tissues of the prostate that included
an alginate sponge gel sheet. The number of blood
vessels, which were defined as circular or ovoid
structures surrounded by vWF- and αSMA-
positive blood vessel, was calculated and divided by
the total area of the surrounding prostate tissue.
The mean value for 20 portions was compared
between the two groups.

To assess how the transplanted human-derived
CD133+ cells had differentiated, we separately har-
vested prostate tissue en bloc in the CD group at 4
days (two rats, four study nerves) and 12 weeks
(three rats, six study nerves) after the transplanta-
tion of CD133+ cells. Using five serial sections at
the intermediate portion between the MPG and
penile base, we evaluated staining properties for
nNOS (1:200), S100 (1:200), vWF (1:100), and
HNA (1:50) with a fluorescence microscope.

Reverse Transcription-Polymerase Chain Reaction
In the AL and CD groups, 4 days after the nerve
segments were excised and an alginate gel sheet was
placed over the nerve stumps, the sheets on both
sides of the prostate were retrieved from three rats
(six sheets in total) in each group. They were
quickly frozen in liquid nitrogen and stored at
−80°C. The first-strand cDNAs were synthesized
from the total RNAs isolated from the stored
samples by using the RNeasy Mini Kit (QIAGEN,
Germantown, MD, USA) and First-Strand cDNA
Synthesis Kit (GE Healthcare Life Sciences,
Uppsala, Sweden). Then cDNAs for human vascu-
lar endothelial growth factor (VEGF), rat VEGF,
rat nerve growth factor (NGF), human glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH), and
rat β-actin were amplified by Taq DNA polymerase
(Applied Biosystems, Foster City, CA, USA) under
the following condition: 35 cycles of 30 seconds of
initial denaturation at 94°C, annealing at 56°C for
30 seconds, and 1 minute of extension at 72°C.
The primer pairs are listed in Table 1. Reverse
transcription-polymerase chain reaction (RT-
PCR) products were electrophoresed in a 2%
agarose gel containing ethidium bromide in Tris-
borate-ethylenediaminetetraacetic acid electro-
phoresis buffer and were visualized by ultraviolet
transillumination.

For quantitative analysis of the above intrinsic
growth factors, quantitative RT-PCR was per-
formed with a 7900HT Fast Real-Time PCR
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System (Applied Biosystems) using SYBR Green
PCR Core Reagents (Applied Biosystems) accord-
ing to the manufacturer’s protocol. Relative quan-
tification of target gene expression was calculated
using the comparative cycle threshold method, and
β-actin was used as an endogenous control. Mean
values of six samples were calculated and compared
between the two groups.

Statistical Analysis
All values were expressed as mean ± standard
errors. The Kruskal–Wallis test with a Steel-
Dwass post hoc test was used to assess the ICP/
MAP values and the total nNOS-positive areas,
and the Mann–Whitney U-test was used to assess

blood vessel densities and mRNA expression
levels. Significance was set at P < 0.05.

Results

Restoration of Erectile Function
ICP and MAP were measured for the purpose of
assessing erectile function. Representative changes
in ICP and AP are shown in Figure 1A. While no
ICP increase elicited by electrical stimulation was
observed in the EX group, there were obvious
responses in other groups. The mean ICP/MAP
for 14 portions of the CD group (0.57 ± 0.07) was
significantly higher than that of the EX group
(0.31 ± 0.05) (P = 0.04), and similar to that of the
SH group (0.67 ± 0.05). Also, there was no signifi-
cant difference between AL group (0.38 ± 0.06)
and EX group (Figure 1B). Erectile function of
cell treated group recovered to the level of sham
group.

Histological Analysis for Nerve Regeneration
Figure 2A shows micrographs of the prostate and
surrounding tissues harvested 12 weeks after
surgery. HE staining indicated apparent nerve
tissues adjacent to the prostate in the SH, AL, and
CD groups (red arrows in the middle row of panels
in Figure 2A) but not in the EX group. This was
evidenced by immunofluorescence microscopy.
While nNOS-positive areas (green regions indi-

Table 1 Characteristics of primers used in this study

Gene Primer pair sequence
Fragment
length (bp)

hVEGF F:5′-GGGCAGAATCATCACGAAGT-3′
R:5′-GCGGCAGCGTGGTTT-3′

202

hGAPDH F:5′-TCCCATCACCATCTTCCA-3′
R:5′-CATCACGCCACAGTTTCC-3

380

rNGF F:5′-AGGGCAGACCCGCAACATC-3′
R:5′-GGTGGAGGCTGGGTGCTAAAC-3′

93

rVEGF F:5′-TACCTCCACCATGCCAAGTG-3′
R:5′-TCTGCTCCCCTTCTGTCGTG-3′

55

rβ-actin F:5′-GATCATTGCTCCTCCTGAGCG-3′
R:5′-TGCTGATCCACATCTGCTGGA-3′

92

hGAPDH = human glyceraldehyde 3-phosphate dehydrogenase; hVEGF =
human vascular endothelial growth factor; rβ-actin = rat β-actin; rNGF = rat
nerve growth factor; rVEGF = rat vascular endothelial growth factor

Figure 1 Intracavernous pressure
(ICP) and arterial pressure (AP)
response elicited by MPG electrical
stimulation (0.5 mA and 20 Hz for 1
minute) 12 weeks later. (A) Represen-
tative findings. (B) Mean ICP/mean
arterial pressure (MAP). Boxes show
mean value for each group, and error
bars show standard error.AL = alginate
group; CD = CD133+ group; EX = exci-
sion group; SH = sham group.
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cated by yellow arrows in the bottom row of panels
in Figure 2A) were obvious in the SH, AL, and CD
groups, they were hardly visible in the EX group.
The value for the CD group (7,390 ± 1240 μm2)
was significantly higher than the values for the EX
(1,350 ± 340 μm2) and AL (2,440 ± 490 μm2)
groups (P < 0.01). There was no significant differ-

ence between CD group and SH group
(8,670 ± 940 μm2) (Figure 2B).

Blood Vessel Density in Surrounding Tissues of
the Prostate
Figure 3 shows micrographs of the prostate and its
surrounding tissues in the AL and CD groups 12

Figure 2 Nerve tissues in surrounding tissues of prostate at 12 weeks. (A-a, b, c, d) Representative light micrographs
showing HE-stained harvested tissues. Bar = 200 μm. (A-a′, b′, c′, d′) Magnified zones of A-a, b, c, d. Bar = 100 μm. (A-a″,
b″, c″, d″) Representative fluorescence micrographs showing neuronal nitric oxide synthase (nNOS) (green) and DAPI (blue).
Bar = 100 μm. Nerve tissues in SH group, AL group, and CD group are shown by arrows. Only a little nerve tissue was seen
in the EX group (A-b, b′, b″). Alginate gel sponge sheets were observed in the AL group and CD group (asterisks). Prostate
tissue and surrounding tissue of prostate are separated by red dotted lines in A-c and A-d. A-a″, b″, c″, d″ are divided into
two regions by dotted lines. Right side is prostate tissue, and left side is surrounding tissue of the prostate. (B) Comparison
of nNOS-positive area. Each box represents the average nNOS-positive area (green area) in surrounding tissue of prostate
in each group. nNOS-positive area was measured using an image analyzer. Error bars show standard error. AL = alginate
group; CD = CD133+ group; DAPI = 4′,6-diamidino-2-phenylindole; EX = excision group; HE = hematoxylin-eosin;
SH = sham group.
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weeks after surgery. Blood vessels were observed
with HE staining (red arrows in Figure 3A) and
immunofluorescence staining (yellow arrows in
Figure 3B) in both groups. These blood vessels

were also observed in alginate gel sponge sheet.
The mean blood vessel density for 20 sections
in the CD group (12.67 ± 0.25 per mm2) was sig-
nificantly (P = 0.02) higher than it was in the

Figure 3 Blood vessels in surrounding tissue of the prostate in AL and CD groups at 12 weeks. (A) Microscopic findings.
Upper and lower row of panels are representative light micrographs showing HE-stained harvested tissues. A-a, b are divided
into two regions by dotted lines. Right side is prostate tissue, and left side is surrounding tissue of the prostate. Continuous
red lines show the alginate gel sponge sheet in the surrounding tissue of the prostate. Bar = 200 μm. Lower row of panels
show magnifications of zones of A-a′ and A-b′. Bar = 50 μm. (B) Fluorescence micrograph showing von Willebrand factor
(vWF) (green; B-a, a′), α-smooth muscle actin (αSMA) (red; B-b, b′), DAPI (blue; B-c, c′), and merge (B-d, d′). Upper panels
are AL group, and lower panels are CD group. Bar = 100 μm. Abundant blood vessels (red parts and yellow arrows) were
seen in the CD group. (C) Blood vessel density in groups AL and CD. Each box represents the average of blood vessel
density. Error bars represent standard error. AL = alginate group; CD= CD133+ group; DAPI = 4′,6-diamidino-2-phenylindole;
HE = hematoxylin-eosin.
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AL group (4.96 ± 1.27 per mm2) (Figure 3C).
Transplanted CD133+ cells accelerated not only
nerve regeneration but also blood structure
improvement.

Differentiation of Transplanted Human-Derived
CD133+ Cells
The presence of HNA-positive cells was observed
in the surrounding tissues of prostate at day 4 and

12 weeks later (yellow arrows in Figure 4A and
white arrows in Figure 4B and C). Furthermore,
HNA-vWF double-stained cells could be con-
firmed, although some HNA-positive cells were
assimilated as vascular endothelial cells at day 4 and
very few HNA-positive cells were incorporated
into the blood vessels walls 12 weeks later (yellow
arrows in Figure 4A). Neither HNA-nNOS
double-stained cells nor HNA-S100 double-

Figure 4 Differentiation of transplanted cells. (A) HNA (red), vWF (green), DAPI (blue), and merge at 4 days (upper row of
panels) and 12 weeks (lower row of panels) were observed by immunofluorescence microscopy. HNA-positive cells were
assimilated as vascular endothelial cells (yellow arrows). Bar = 20 μm. (B, C) HNA-positive cells were observed (white
arrows). However, HNA-positive cells were not assimilated as neurons (B) and Schwann cells (C) at day 4 and at 12 weeks.
Bar = 20 μm. DAPI = 4′,6-diamidino-2-phenylindole; HNA = human nuclear antigen; nNOS = neuronal nitric oxide synthase;
vWF = von Willebrand factor.
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stained cells could be confirmed at day 4 or 12
weeks later (Figure 4B and C). These results dem-
onstrated the differentiation of human CD133+

cells into endothelial cells, although only a few cells
were observed. On the other hand, the differentia-
tion of human CD133+ cells into neuron cell or
Schwann cell was not observed.

VEGF and NGF mRNA Expression in Alginate Gel
Sponge Sheet
RT-PCR for the extracts from the alginate gel
sponge sheets retrieved in the CD group revealed
that the expression of mRNA for human GAPDH
was evident but the expression of mRNA for
human VEGF was not (Figure 5A). mRNA for rat
NGF and rat VEGF was detected in both groups
(Figure 5A), but quantitative RT-PCR found the
amounts of mRNA for rat NGF and rat VEGF in
the CD group to be significantly higher than those

in the AL group (NGF: P = 0.03, VEGF: P = 0.04)
(Figure 5B). While upregulation of intrinsic
growth factors was observed, VEGF derived from
human CD133+ cells was not observed.

Discussion

ED emerges as an important quality of life issue
following radical prostatectomy because iatrogenic
cavernous nerve injury may take place during the
surgery. In the present study, we addressed this
issue by investigating the effects of human CD133+

cells on the cavernous nerve regeneration in a rat
model.

We found that the nNOS-positive area in the
cell-treated rats was significantly more extensive
than the nNOS-positive areas in the non-treated
rats and alginate sheet alone-treated rats. Parallel
to this finding, the ICP during electrical stimula-
tion was significantly higher in the cell-treated rats
than it was in the non-treated rats and was more
marked in the cell-treated rats than it was in the
alginate sheet alone-treated rats even though the
difference between the cell-treated and alginate
sheet alone-treated rats was not statistically signifi-
cant. These findings suggest that the transplanted
human CD133+ cells accelerated nerve regenera-
tion, and this in turn resulted in functional recov-
ery, represented in this rat model by an increased
ICP.

With regard to the mechanism of nerve regen-
eration, it is unlikely that the CD133+ cells directly
differentiated into nerve tissue, although they are
reportedly able to differentiate into various cell
types when placed in the appropriate conditions
[8] [9] [10]. Endothelial cells are known to be
important for neurogenesis. They have been
reported to be a critical component of the neural
stem cell niche, releasing soluble factors that
stimulate the self-renewal of neural stem cells,
inhibit their differentiation, and enhance their
neuron production [11]. The importance of endo-
thelial cells for neurogenesis is also indicated
by the observation that the significantly better
neurogenesis in the cell-treated rats was paralleled
by excellent blood vessel formation. The trans-
planted human CD133+ cells are thought to have
differentiated into endothelial cells because
although some of the HNA-positive cells were also
vWF positive, none reacted with nNOS or S100
antibodies. It is no wonder that the CD133+ cells
differentiated not into nerve cells but into endo-
thelial cells, because they are hematopoietic and
are endothelial progenitors [12].

Figure 5 Gene expression of alginate gel sponge sheets in
AL and CD groups. (A) PCR products identified on agarose
gel electrophoresis. (B) Relative levels of NGF and VEGF
mRNA expression in AL and CD groups. Expression of
β-actin mRNA was used as internal control. AL = alginate
group; CD = CD133+ group; NGF = nerve growth factor;
PCR = polymerase chain reaction; VEGF = vascular endo-
thelial growth factor.
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However, because most of the endothelial cells
in the cell-treated rats were negative to HNA and
therefore probably originated from the host rat, the
endothelial cells resulting from the differentiation
of transplanted CD133+ cells were not key players
in the nerve regeneration in this study. Thus, the
primary mechanism of nerve regeneration by
CD133+ cells was neither that CD133+ cells directly
differentiated into nerve cells nor that they stimu-
lated neurogenesis indirectly by differentiating
into endothelial cells. Instead, it is likely that
CD133+ cells regenerated cavernous nerve through
upregulation of endogenous VEGF and NGF and
resulting stimulation of angiogenesis in the host rat
because not human-derived but rat-derived VEGF
and NGF were expressed in the extracts from the
alginate gel sponge sheet and also because the
amounts of these growth factors were significantly
higher in the cell-treated rats than they were in the
alginate sheet alone-treated rats.

Previous studies of cell therapy in cavernous
nerve injury rat model, acute rabbit penile
cavernosal injury model, or diabetic rat model sug-
gested that paracrine mechanism of stem cells
is important, although these studies used bone
marrow-derived mesenchymal stromal cells
(MSCs) [13], adipose tissue-derived stem cells
(ADSCs) [14–16], or muscle-derived stem
cells [17,18]. Also, recent experimental evidence
obtained in endothelial progenitor cell therapy
studies suggests that the injury site improvement
elicited by transplanted cells may be mainly due to
the release of multiple cytokines and chemokines
rather than to cell differentiation because very few
transplanted cells were found incorporated into
the vascular structure [19–21].

VEGF is known to be an endothelial cell-
specific growth factor that contributes to angio-
genesis. It is also known to have both neurotrophic
and neuroprotective effects [22] and to increase
the number of proliferating Schwann cells [23].
Previous studies on the role of transplanted human
CD133+ cells in a rat spinal cord injury model
have, like the present study, found that the expres-
sion of rat VEGF or angiopoietine-1 increases sig-
nificantly soon after the cells are transplanted
[10,24]. The authors of the articles reporting those
studies stated that the mechanisms of the
upregulation of intrinsic angiogenic factor after
CD133+ cells transplantation is unclear, but trans-
planted CD133+ cells might have been a trigger for
the upregulation of growth factor [10,24]. Fur-
thermore, it has been reported that Schwann cells
secrete neurotrophic factors, such as NGF [25,26].

These findings suggest that transplanted CD133+

cells activate intrinsic growth factor and contrib-
ute to nerve regeneration.

We observed the expression of mRNA for NGF
and VEGF in the alginate sheet-alone rats as well
the cell-treated rats. Alginate gel itself has been
reported to provide a favorable environment for
Schwann cell migration and the growth of regen-
erating axons and to promote nerve regeneration
in cat and rat sciatic nerve injury [27,28]. Further-
more, much better nerve regeneration had been
found in collagen sponge and fibrin glue [28]. As
cell infiltration into alginate gel occurs a few days
after gel implantation [29], the NGF and VEGF
mRNA found at 4 days in the alginate sheet alone-
treated rats is thought to have originated from
infiltrated cells.

Extracellular matrix and cytokines such as
growth factors are essential to create new tissues
[30]. CD133+ cells in alginate gel sponge sheets can
induce these factors efficiently and are therefore
potentially useful for cavernous nerve regenera-
tion. Compared with previous studies using MSCs,
ADSCs, skeletal muscle-derived cells, Schwann
cells, collagen sponge, or alginate gel sheet, ICP/
MAP ratio of this study is similar or superior,
although there are differences in route of adminis-
tration, injury method, and evaluation time
[4–6,13–15,17,31]. Furthermore, there are few
ethics issues relevant to autologous therapeutic
agents because the cells are derived from human
tissue. CD133+ cells thus appear to be one of the
optimum sources of the agents useful for clinical
setting. CD133+ cells can be isolated from bone
marrow, peripheral blood, and umbilical cord
blood easily. Especially, isolating CD133+ cells
from peripheral blood is a more minimally invasive
procedure than other procedures. There are,
however, still some problems to overcome for clini-
cal application and some limitations in this study.
One of problems is that the number of CD133+

cells available is extremely limited [20]. This
problem can be resolved by growth factor-driven ex
vivo expansion of CD133+ cells [32]. The methods
used in this study are promising for the future but
we must investigate their safety and efficacy, and to
achieve better nerve regeneration, must also
further investigate the regeneration mechanism.
One of limitations is that histological results in this
study were obtained from two rats (four study
nerves). Another limitation is that results of this
study were founded in xenogeneic animal model.
Recently, clinical researches that CD133+ cells
implanted in patients undergoing coronary bypass
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surgery were reported [33,34]. These researches
may become useful for our field.

Conclusion

Our findings indicated that transplantation of
human CD133+ cells is potentially useful for cav-
ernous nerve reconstruction after operations such
as radical prostatectomy.
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