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concentration of BDNF protein in penile tissues was meas-
ured by Western blotting.
Results Rats intracavernosally injected with BDNF-
hUCB-MSCs showed the most significant improvement in 
the ratio of maximal ICP to MAP (ICP/MAP). Histological 
examinations showed moderate recovery of nNOS-positive 
nerve fibers, ratio of smooth muscle to collagen and smooth 
muscle content in the CNEI + hUCB-MSCs group and 
remarkable recovery in the CNEI + BDNF-hUCB-MSCs 
group compared to the CNEI + PBS group. By TEM 
examination, atrophy of myelinated and non-myelinated 
nerve fibers was noted in CNEI + PBS group and signifi-
cant recovery was observed in two treated groups. There 
were more BrdU-positive cells in the BDNF-hUCB-MSCs 
group than in the hUCB-MSCs group both in the penis and 
in the MPG. Three days post-surgery, the concentration 
of BDNF protein in penile tissues in BDNF-hUCB-MSCs 
group was much higher than in other groups.
Conclusions Intracavernous injection of BDNF-hyperse-
creting hUCB-MSCs can enhance the recovery of erectile 
function, promote the CNs regeneration and inhibit corpus 
cavernosum fibrosis after CNEI in a rat model.

Keywords Electrocautery injury · Erectile dysfunction 
(ED) · Radical prostatectomy (RP) · Brain-derived 
neurotrophic factor (BDNF) · Human umbilical cord blood 
mesenchymal stem cells (hUCB-MSCs)

Introduction

Erectile dysfunction (ED) continues to be a significant 
problem for many men following radical prostatectomy 
(RP) even if the operation is performed with the nerve-
sparing surgical technique. Previous reports have shown 

Abstract 
Purpose Erectile dysfunction (ED) continues to be a sig-
nificant problem for men following radical prostatectomy. 
We hypothesize that intracavernous injection of BDNF-
hypersecreting human umbilical cord blood mesenchymal 
stem cells (hUCB-MSCs) can ameliorate ED in a rat model 
of cavernous nerve electrocautery injury (CNEI).
Methods Forty-two male Sprague–Dawley rats were 
randomly divided into four groups: sham + PBS (n = 6), 
CNEI + PBS (n = 12), CNEI + hUCB-MSCs (n = 12) 
and CNEI + BDNF-hUCB-MSCs (n = 12). At day 28 
post-surgery, erectile function was examined and speci-
mens were harvested for histology. Immunofluorescence 
staining, Masson’s trichrome staining and transmission 
electron microscopy were performed to determine the 
structural changes in corpus cavernosum. Cells that are 
injected into penis were labeled by BrdU and tracked by 
immunofluorescence staining. Three days post-surgery, the 
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that about 25–90 % of men undergoing RP experience 
postoperative ED, depending upon the studies reviewed [1]. 
It is postulated that the development of post-RP ED is due 
to a combination of cavernous nerve (CN) injuries includ-
ing traction, dissection, crush or transection. Besides, dur-
ing RP, electrocautery is often used to achieve hemostasis 
and facilitate dissection and electrocautery injury to CNs 
cannot be ignored as a cause of ED.

During recent years, mesenchymal stem cells (MSCs) 
and growth factors have emerged as a new treatment 
for post-RP ED in experimental studies. Studies in a rat 
model of CN crush injury [2, 3] have yielded promis-
ing results, showing that adipose tissue and bone mar-
row-derived MSCs can recover erectile function when 
injected intracavernosally. It was suggested that these 
effects were mediated by a broad range of trophic fac-
tors secreted by the transplanted MSCs or by stimulation 
of their endogenous production. The related trophic fac-
tors include brain-derived neurotrophic factor (BDNF), 
vascular endothelial growth factors (VEGF), basic fibro-
blast growth factor (bFGF), neurotrophic factor 3 (NT3), 
nerve growth factor (NGF) and insulin-like growth fac-
tor 1 (IGF-1) [4, 5]. Among the various growth factors, 
BDNF has gained particular interest because it can acti-
vate Janus kinase/signal transducer and activator of tran-
scription (JAK/STAT) pathway in Schwann cells which 
is believed to be important in mediating neuroregenera-
tive effects in the major pelvic ganglion (MPG) after CN 
injury [4, 5].

An alternative source of MSCs is umbilical cord blood 
(UCB). Several studies have demonstrated that hUCB-
MSCs possess a significant potential of neural differentia-
tion and these cells have been used for treatment of vari-
ous neurodegenerative diseases such as brain injury, spinal 
cord injury and stroke [6–9]. In 2010, the first clinical trial 
of intracavernous transplantation of hUCB-MSCs was 
reported to improve erectile function (regain of morning 
erections) and decrease blood glucose levels in patients 
with diabetic ED [10].

In a previous study, we established a rat model with CN 
electrocautery injury (CNEI) and found that CNEI was 
accompanied by reduced intracavernous pressure (ICP), 
reduced number of nerve fibers in the dorsal penile nerve 
and increased fibrosis in the corpus cavernosum [11]. 
Although previous studies had shown promising results of 
application of MSCs and BDNF for the treatment of ED 
resulting from CN injury, the effects of hUCB-MSCs com-
bined with BDNF for the treatment of CNEI have never 
been investigated. Therefore, in the current study, we trans-
fected hUCB-MSCs with the BDNF gene and evaluated 
whether BDNF-hypersecreting hUCB-MSCs could pro-
mote erectile function in a rat model of CNEI.

Methods

Animals

Forty-two age-matched male Sprague–Dawley rats (300–
350 g) were randomly divided into four groups. group A: 
sham operation rats intracavernosally injected with PBS 
(sham + PBS, n = 6); group B: bilateral CNEI rats intra-
cavernosally injected with PBS (CNEI + PBS, n = 12); 
group C: bilateral CNEI rats intracavernosally injected 
with hUCB-MSCs (CNEI + hUCB-MSCs, n = 12); and 
group D: bilateral CNEI rats intracavernosally injected 
with BDNF-hUCB-MSCs (CNEI + BDNF-hUCB-MSCs, 
n = 12). The Animal Experiment Committee of Shang-
hai Jiao Tong University Affiliated Sixth People’s Hos-
pital approved the present study, which was conducted in 
accordance with the ethical standards of the responsible 
Institutional Committee on Animal Experimentation.

BDNF gene delivery to hUCB‑MSCs

Adeno-associated virus carrying a human BDNF cDNA was 
constructed by Cyagen Biosciences Co. Ltd. (Guangzhou, 
China) as described previously [12]. Briefly, BDNF-cDNA 
fused to the 3′ end of signal peptide of Ig coding sequence 
was constructed by PCR and digested and subcloned into 
shuttle plasmid pSNAV to obtain a recombinant plasmid 
pSNAV-Ig-BDNF. Then, the plasmid encoding fusion pro-
tein was transfected into HEK293 cell lines (Shanghai Cell 
Bank of Type Culture Collection of China), the virus was 
collected from supernatant and infected hUCB-MSCs, and 
the stably transfected clones were selected. hUCB-MSCs 
were provided by Cyagen Biosciences Co. Ltd. and cultured 
in Dulbecco’s modified Eagle’s medium (DMEM; GIBCO, 
USA) containing 15 % fetal bovine serum (GIBCO, USA), 
2 mM l-glutamine and 1 % antibiotics/antimycotics com-
prising 100 U/ml penicillin, 100 lg/ml streptomycin and 
25 lg/ml amphotericin B. hUCB-MSCs were seeded at 
a density of 2 × 106 per 15 cm plate and incubated over-
night at 37 °C. hUCB-MSCs were exposed to the infectious 
viral particles for 60 min after which the medium was then 
removed and the cells were washed twice with DMEM and 
then cultured with normal medium for 24 h. The BDNF 
secretion in vitro was detected by enzyme-linked immuno-
sorbent assay (ELISA; Boster, China).

BrdU labeling of the hUCB‑MSCs

When 70 % confluence was reached, the hUCB-MSCs 
and BDNF-hUCB-MSCs were incubated with 20 μmol/L 
and 5-bromo-2-deoxyuridine, respectively (BrdU; Sigma-
Aldrich, USA) for 48 h before injection.
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Surgical procedure and intracavernous injection

After anesthesia with sodium pentobarbital (40 mg/kg) 
by an intraperitoneal injection, a lower midline abdomi-
nal incision exposed the prostate gland. The major pelvic 
ganglia (MPG) and their inflows (hypogastric and pelvic 
nerves) and outflow (CNs) were identified on both sides 
of the prostate using an operating microscope (10× mag-
nification). In group A, the prostatic fascia and outside fat 
were dissected to expose the CNs and no additional sur-
gical manipulation was performed. For groups B, C and 
D, the CNEI was induced by applying a monopolar elec-
trocautery tip connected to an electrocautery generator 
(Chunguang, HR-302, Wuhan, China) on the CNs 5 mm 
distal to the MPG at both sides of prostate. The monop-
olar electrocautery was performed for 0.5-s duration at 
350 kHz 15 W.

After cutting the skin of the penis, the corpora cavernosa 
were exposed. An elastic band was placed at the base of the 
penis before injection and was removed 5 min after injec-
tion. Using a 25-gauge needle, the rats received 0.2 ml PBS 
(groups A and B), 2 million hUCB-MSCs in 0.2 ml PBS 
(group C) and 2 million BDNF-hUCB-MSCs in 0.2 ml 
PBS (group D) into the corpus cavernosum. The wound 
was closed in layers, and the rats were closely monitored 
for up to 4 weeks.

Erectile functional assessment

Four weeks after operation, the animals were anesthe-
tized again for the non-survival surgery. A stainless 
steel electrode connected to an electrical pulse stimula-
tor (PowerLab, AD Instruments) was placed around the 
CNs at 1–2 mm proximal to the injury site, and the ICP 
was measured and recorded using a fine butterfly needle 
(23 gauge) with heparin (250 U/ml) that was attached 
to PE-50 tubing placed at the left crus of the penis. The 
electrical stimulations (1.5 mA with a pulse width of 
5 ms 20 Hz and 60 s) were conducted on either side sepa-
rately. Systemic mean arterial pressure (MAP) was moni-
tored via a PE-50 tubing placed in the left carotid artery. 
The catheters were connected to pressure transducers for 
ICP and MAP monitoring. The ratio of maximal ICP to 
MAP was calculated to normalize variations between 
animals.

Immunofluorescence and Masson’s trichrome staining

After ICP examination, the rats were euthanized. The mid-
dle part of the penile shafts was harvested and fixed 24 h 
in 10 % neutrally buffered formalin and dehydrated and 
embedded in paraffin for histology. Five-micrometer sec-
tions were cut and mounted. For histological evaluation, 

immunofluorescent staining was done for rabbit anti-neu-
ronal nitric oxide synthase (nNOS; ab5583, diluted 1:400; 
Abcam) in the dorsal penile nerves and for α-smooth mus-
cle actin (α-SMA, diluted 1:200, sc-53142, Santa Cruz) in 
the corpus cavernosum. Masson’s trichrome staining was 
performed to assess smooth-muscle-to-collagen ratio. Sec-
tions stained with nNOS, α-SMA and Masson’s trichrome 
were evaluated by two independent and blinded observers 
using a fluorescent microscope (Nikon Eclipse 80i, Japan). 
Image analysis was performed by computerized densitom-
etry using Image-Pro Plus imaging software (Media Cyber-
netics Inc., MD, USA) in 10 separate fields for each tissue.

Transmission electron microscopy (TEM)

Using an operating microscope, 3-mm segment of the CN 
distal to the site of electrocautery injury was harvested and 
placed in 2.5 % glutaraldehyde for 4 h. After that, the CN 
was post-fixed in 1 % OsO4 for 3 h dehydrated and embed-
ded in plastic. These sections were cut and double-stained 
with 3 % acetic acid uranium-nitrate lead. CN morphology 
was examined by an electron microscope (H-7500, Hitachi 
Corp., Tokyo, Japan).

Cell tracing in the penis and MPG

Immunofluorescence with the monoclonal antibody against 
BrdU (1:40; rat monoclonal IgG, ab6326; Abcam) was 
used to identify the injected cells in the penis and MPG at 
28-days post-intracavernous injection.

Western blot analysis

The penile tissues were collected from rat three days post-
surgery and homogenized for protein preparation using a 
TissueLyser (Scientz, Zhejiang, China). The protein con-
centration was measured by lowry kit (Solarbio, Beijing, 
China). Equal amounts of proteins (60 µg) were separated 
on 10 % SDS-PAGE gels and transferred onto the polyvi-
nylidene difluoride (PVDF) membranes. The membranes 
were blocked with 5 % skim milk powder in TBST at room 
temperature. Then the membranes were incubated with 
BDNF antibody (1:200 dilution, Abcam) at 4 °C with over-
night shaking. After TBST washing, the membranes were 
incubated with secondary antibody (1:2000 dilutions) for 
1 h at room temperature. After washing, the signals were 
detected using a Bio-Rad chemiluminescence system.

Statistical analysis

All measurements were reported as mean ± standard 
deviation (SD). Differences between groups were evalu-
ated by analysis of variance (ANOVA) tests followed by 
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a Student–Newman–Keuls post hoc test for multiple com-
parisons. Values of P < 0.05 were considered statistically 
significant.

Results

BDNF expression in vitro

As shown in Fig. 1, the secretion of BDNF of the gene-
transfected hUCB-MSCs gradually increased from day 1 
to day 8. At day 8, the value of BDNF (1061.6 ± 19.5 pg/
ml) is greater than 12-fold compared with non-transfected 
hUCB-MSCs (83.5 ± 8.6 pg/ml) (P < 0.001).

ICP/MAP ratio

At week 4 after treatment, intracavernous injection of hUCB-
MSCs and BDNF-hUCB-MSCs significantly improved the ICP 
(Fig. 2a) and the value of ICP/MAP (37.4 ± 6.2/51.3 ± 7.8 %) 
compared with the CNEI + PBS group (31.4 ± 5.2 %) 
(P = 0.02 and P < 0.001). The value of ICP/MAP in 
CNEI + BDNF-hUCB-MSCs group was also significantly 
higher than in the CNEI + hUCB-MSCs group (P < 0.001) but 
still lower than in the sham + PBS group (P < 0.001) (Fig. 2b).

nNOS‑positive nerve fibers in the dorsal penile nerves

Immunofluorescence examination showed a reduction in 
nNOS-positive nerve fibers in the dorsal nerves at week 4 in the 
CNEI + PBS group. Moderate and obvious recovery of nNOS-
positive nerve fibers was noted in the CNEI + hUCB-MSCs 
group and CNEI + BDNF-hUCB-MSCs group (Fig. 3), and the 
differences were statistically significant among the four groups 
on computer-assisted image analysis (P < 0.05) (Table 1).

Smooth‑muscle‑to‑collagen ratio and smooth muscle 
content in the corpus cavernosum

CNEI reduced the ratio of smooth muscle to collagen as 
estimated by Masson’s trichrome staining and quantita-
tive image analysis (Fig. 3). The ratio of smooth mus-
cle to collagen revealed statistically significant difference 
between the CNEI + PBS (6.2 ± 0.7 %), CNEI + hUCB-
MSCs (7.3 ± 0.8 %) and CNEI + BDNF-hUCB-MSCs 

Fig. 1  ELISA analysis on the BDNF secretion in vitro. BDNF secre-
tion by the cultured hUCB-MSCs with BDNF gene transfection at 
day 1, day 2, day 3, day 5 and day 8 was significantly higher than 
hUCB-MSCs without BDNF-gene transfection (P < 0.001)

Fig. 2  ICP examination and ratio of maximal ICP to MAP (ICP/MAP) in each group at 4 weeks. a Representative recording of ICP to elec-
trostimulation of CN. b ICP/MAP in each group. ※The differences were statistically significant between the four groups (P < 0.05)
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(8.7 ± 0.3 %) groups 4 weeks after injection (P < 0.05). 
No statistical difference was found between the 
CNEI + BDNF-hUCB-MSCs and sham + PBS 
(9.1 ± 1.1 %) groups (P = 0.35). The percentage of smooth 
muscle in the CNEI + hUCB-MSCs and CNEI + BDNF-
hUCB-MSCs groups was significantly higher than in the 
CNEI + PBS group (P < 0.001). There was statistically 
significant difference between CNEI + hUCB-MSCs and 
CNEI + BDNF-hUCB-MSCs groups (P = 0.04) (Table 1).

TEM examination

TEM revealed normal ultrastructures of myelinated fib-
ers, non-myelinated fibers and Schwann cell nucleus in the 
sham + PBS group (Fig. 4a). In the CNEI + PBS group, abun-
dant breakdowns of myelin sheaths and axonal degeneration 
were observed which lead to significant reduction in the num-
ber of myelinated fibers. The hUCB-MSCs-treated rats show 
significant regeneration of myelinated fibers. However, there 

Fig. 3  Results of immunofluorescence and Masson’s trichrome stain-
ing. The top line: representative immunofluorescence staining for 
nNOS (red) in the dorsal nerves of penis. Cell nucleus was stained 
by 4′6-diamidino-2-phenylindole (DAPI, blue) (original magnifica-
tion ×400). The middle line: representative immunofluorescence for 

the α-smooth muscle actin (SMA, green). Cell nucleus was stained by 
4′6-diamidino-2-phenylindole (DAPI, blue) (original magnification 
×400). The bottom line: representative Masson’s trichrome staining. 
Smooth muscles were stained in red collagen fibers in blue (original 
magnification ×200)

Table 1  Image analysis for nNOS and α-SMA immunofluorescence, and Masson’s trichrome staining

* Statistical difference compared with CNEI + PBS group (P < 0.05)
※ Statistical difference compared with CNEI + hUCB-MSCs group (P < 0.05)
# Statistical difference compared with sham + PBS group (P < 0.05)

Group N nNOS-positive nerve fibers in the  
dorsal nerves of penis (%)

α-SMA positive contents in the  
penis (%)

Smooth muscle to 
collagen ratio

Sham + PBS 6 1.35 ± 0.08 5.82 ± 0.41 0.091 ± 0.011

CNEI + PBS 12 0.81 ± 0.11 3.40 ± 0.64 0.062 ± 0.007

CNEI + hUCB-MSCs 12 0.95 ± 0.08* 4.69 ± 0.99* 0.073 ± 0.008*

CNEI + BDNF-hUCB-MSCs 12 1.18 ± 0.09*,※ 5.05 ± 0.71*,※,# 0.087 ± 0.003*,※
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were some myelin lesions such as separated myelin sheaths, 
dissolved myelins and myelin ovoid formation. BDNF-hUCB-
MSCs treatment resulted in a more obvious recovery com-
pared with the hUCB-MSCs treatment. There was no myelin 
separation, but few myelin ovoids still remained.

Tracking of the injective hUCB‑MSCs in the penis 
and MPG

In sections from both CNEI + hUCB-MSCs and 
CNEI + BDNF-hUCB-MSCs groups 4 weeks after injec-
tion, few BrdU-labeled hUCB-MSCs were found in the 

penis and MPG. There were more BrdU-positive cells in the 
BDNF-hUCB-MSCs group than in the hUCB-MSCs group 
both in the penis and in the MPG (P < 0.05) (Fig. 4b, c).

The concentration of BDNF protein in penile tissues

The concentration of BDNF protein in penile tissues was 
slightly elevated after CN injury, and it was significantly 
elevated after hUCB-MSCs and BDNF-hUCB-MSCs injec-
tion. There are much more BDNF proteins in penile tissues 
in BDNF-hUCB-MSCs group than in hUCB-MSCs group 
(Fig. 5).

Fig. 4  a Representative transmission electron microscopy (TEM) 
graphs corresponding to four groups at week 4 after intracavernous 
injection. Sham + PBS: TEM of CN showed normal myelinated and 
non-myelinated fibers and Schwann cells. The nuclei of Schwann 
cells are seen occasionally near the nerve fibers (☆: myelinated fiber, 
*: non-myelinated fiber, ※: nuclei of Schwann cells); CNEI + PBS: 
abundant breakdowns of myelin in myelinated fibers and axonal 
degeneration (arrows); CNEI + hUCB-MSCs: significant regen-
eration of myelinated fibers in the CNEI + hUCB-MSCs group by 
comparison to the CNEI + PBS group larger fibers with thick mye-
lin sheaths were noted. A small amount of dissolved and separated 

myelin (arrows) and myelin ovoid corpuscle (△); CNEI + BDNF-
hUCB-MSCs: the regeneration of myelinated fibers was significantly 
larger fibers with thick myelin sheaths were also noted. There was no 
myelin separation, but the a few myelin ovoids still remained (△) 
(original magnification ×5000). b Representative immunofluores-
cence examination on the BrdU-labeled cells in the penis and MPG at 
week 4 (white arrow). BrdU-labeled cell nucleus (red) and 4′6-diami-
dino-2-phenylindole-labeled cell nucleus (DAPI, blue) (original mag-
nification ×200). c The number of BrdU-positive cells in the penis 
and MPG, respectively. ※Statistically significant difference
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Discussion

The etiology of ED following RP is multifactorial, but neu-
rogenic factors seem to play a major role [13]. Among the 
various kinds of damage to the CN during RP and which 
result in ED, CNEI is one of the most common damages 
[11, 14]. We have previously demonstrated [11] and con-
firm in the present study that CNEI will lead to the irrevers-
ible structural alterations in cavernous tissue such as degen-
eration of nNOS-containing nerves and reduced smooth 
muscle content with an exaggerated deposition of collagen 
deposition. These pathological changes are similar to those 
caused by CN crush injury [15, 16]. In the present study, 
we have shown that BDNF-hypersecreting hUCB-MSCs 
injected intracavernosally may be an efficient method for 
enhancing the recovery of erectile function after CNEI, 
promoting CNs regeneration and inhibiting corpus caver-
nosum fibrosis.

Several animal studies have demonstrated the efficacy of 
stem cell therapy in CN injury models using cells derived 
from different sources, e.g., bone marrow, skeletal mus-
cle and fat [4, 5, 12]. Human umbilical cord blood is eas-
ily accessible without any invasive procedures and ethical 
problems. hUCB-MSCs are multipotent and can differenti-
ate into various cell types including osteoblasts, adipocytes, 
chondrocytes, hepatocytes and neural cells [17]. Recently, 
Divya et al. [6] suggested hUCB-MSCs harbor a unique 
population of cells that possess an inherent neurogenic 
potential and are responsible for instantaneous neuronal 
differentiation. Many studies have shown that hUCB-MSCs 
have very low immunogenicity and immunomodula-
tory properties compared to cells from other sources [18] 
which may explain why we observed no rejection after 
hUCB-MSCs xenogeneic transplantation in the present 
investigation.

Exogenous BDNF intervention can promote the survival 
of injured CNs [19]. However, BDNF has a low molecu-
lar weight and a short half-life, making it susceptible to 
metabolism in vitro [20]. Therefore, a method for effective 

and sustained BDNF release should be established. In this 
study, hUCB-MSCs were transfected with BDNF gene to 
release BDNF continuously, and the BDNF level at day 8 
was about 12 times of the non-transfected hUCB-MSCs 
which was demonstrated by the ELISA examination 
in vitro. Three days post-surgery, BDNF protein concen-
tration in penile tissues was measured by Western blotting 
and the highest BDNF protein concentration in penile tis-
sues in BDNF-hUCB-MSCs group was observed, and the 
BDNF-hUCB-MSCs group presented the most notice-
able improvement. All of these support our hypothesis that 
BDNF is an important neurotrophic factor that can be used 
for treatment of CNEI.

There has been an ongoing debate about the mechanisms 
responsible for stem cell therapy for ED. In the early stud-
ies, most results supported the theory that stem cells dif-
ferentiate to penile cavernosum cells in vivo [21–23]. How-
ever, more recent studies have suggested that paracrine 
effects may constitute the primary mechanism responsible 
for the positive effects of stem cell therapy in ED. Kendirci 
et al. [3] showed that transplantation of BMSCs isolated 
with p75 NGF receptor into the rat penis could rescue erec-
tile function at week 4 following cavernous nerve injury. 
These effects were thought to be mediated by FGF, NGF, 
BDNF, VEGF and IGF-1 secreted by the stem cells. Alber-
sen et al. [2] reported beneficial functional effects of adi-
pose-derived stem cells (ADSCs) therapy on erectile func-
tion after CN crush injury. The involvement of paracrine 
effects was supported by the data showing that the num-
ber of nNOS-positive nerve fibers in the rats treated with 
the lysate of ADSCs was similar to that in animals treated 
with ADSCs. Fandel et al. [24] demonstrated that ADSCs 
migrated out of the corpus cavernosum in a time-depend-
ent manner (up to 28 days) and there was transient hom-
ing of ADSCs to the MPG after CN crush injury. Elevated 
stromal cell-derived factor-1(SDF-1) secretion at the MPG 
appeared to be responsible for this observation.

In the current study, intracavernous injection of hUCB-
MSCs or BDNF-hUCB-MSCs significantly promoted the 
regeneration of nNOS-positive nerve fibers which was also 
verified by the TEM observations that the electrocautery 
injury caused significant changes in myelinated and non-
myelinated nerves in the CNs and that hUCB-MSCs or 
BDNF-hUCB-MSCs treatment stimulated the growth and 
myelination of nerve sprouts.

It can be assumed that the mechanisms by which hUCB-
MSCs or BDNF-hUCB-MSCs improved erectile function 
in our CNEI model are multiple. The homing results with 
hUCB-MSCs were in accordance with those of previous 
studies with ADSCs injected intracavernosally [4], showing 
that few engrafted hUCB-MSCs were found in the corpus 
cavernosum and MPG after 4 weeks. Given their low num-
ber, the mechanism for the observed significant histological 

Fig. 5  Western blot analysis on the concentration of BDNF protein 
in penile tissues in each group at three days post-surgery
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and functional recovery was not likely due to the hUCB-
MSCs differentiation, and our results may be interpreted as 
supporting the concept of paracrine effect from the grafted 
hUCB-MSCs. Interestingly, we found that there were more 
traced BrdU-positive cells in the BDNF-hUCB-MSCs group 
than in the hUCB-MSCs group whether in the penis or in the 
MPG. The exact mechanism is unclear; however, BDNF-
hypersecreting can be hypothesized to make the difference.

As a proof of concept, our study has some limitations. 
The exact homing mechanism after hUCB-MSCs intracav-
ernous injection was not fully identified. Future studies will 
be needed to identify the specific recruiting factors for stem 
cells homing after CNEI and to improve the local reten-
tion and regulation of the targeted migration of the grafted 
hUCB-MSCs in vivo. In addition, long-term investigations 
with multiple time points of observation will be required to 
elucidate the efficacy and safety of hUCB-MSCs or BDNF-
hUCB-MSCs therapy for CNEI-related ED.
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