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Objective
To investigate whether local injection of autologous adipose
stromal vascular fraction (SVF) can prevent the
development of fibrosis and elastosis in the tunica
albuginea (TA) using a rat model of the acute phase of
Peyronie’s disease (PD).

Methods
A total of 24 male 12-week-old Sprague–Dawley rats were
divided into three equal groups: sham; PD without
treatment (transforming growth factor-b [TGF -b]); and
PD treated with SVF 1 day after disease induction. Sham
rats received two injections of vehicle into the TA 1 day
apart. TGF -b rats received TGF- b1 injection and
injection of vehicle 1 day later. SVF rats received TGF-b1
injection, followed by SVF 1 day later. One month after
treatment, all rats underwent measurement of
intracavernosal pressure and mean arterial pressure during

electrostimulation of the cavernous nerve. The rats were
then killed and penises were harvested for histology and
Western blot analysis.

Results
Erectile function was moderately reduced in the TGF-b group
and was significantly improved after SVF treatment (P < 0.05).
PD rats developed areas of fibrosis with a significant upregulation
of collagen III, collagen I and elastin protein expression. These
fibrotic changes were prevented when treated with SVF.

Conclusions
Local injection of SVF may represent treatment for the acute
phase of PD.
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Introduction
Peyronie’s disease (PD) is an acquired benign fibrotic
disorder involving the tunica albuginea (TA) of the corpora
cavernosa of the penis [1]. The disease is characterized by the
formation of a fibrous plaque in the TA containing
disarranged depositions of collagen and elastin, which form
during a painful phase of inflammation: the acute phase [2].

An accepted hypothesis regarding the pathophysiology of PD
is that, during the acute phase, impaired clearance of the
inflammation can lead to abnormal wound healing, evolving
into a gradually permanent fibrotic reaction: the chronic
phase [2]. This phase is characterized by scar tissue
retraction, calcification and occasionally ossification.
Eventually, this condition can result in a permanent and
painless penile deformity [3], which may present as a
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curvature, waist deformity, or a complex deformity, with a
combination of wasting, rotation and curvature, resulting in
impaired or impossible intercourse. It is frequently
accompanied by severe and difficult-to-treat erectile
dysfunction [4]. Currently, there are no evidence-based
treatment options to halt the disease in the acute phase [5].

Recently, several studies have suggested a possible role of
mesenchymal stem cells (MSCs) in the treatment of corpus
cavernosum fibrosis [6] and PD [7–10]. Although the exact
mechanisms behind the anti-fibrotic properties of MSC
therapy remain to be elucidated, the leading theory is that
MSCs act as a ‘drug-store’, influencing various profibrotic
characteristics simultaneously. Most preclinical studies suggest
that MSCs work through immunomodulation, thereby
limiting the host response to injury and preventing the onset
of fibrosis [11,12].

In a previous study [7], our group showed the efficacy of
human adipose tissue-derived MSCs (ADSCs) in preventing
fibrosis in a rat model of acute-phase PD. ADSCs are isolated
as part of the aqueous fraction derived from enzymatic
digestion of lipoaspirate (the product of liposuction). This
aqueous fraction, a combination of ADSCs, endothelial
precursor cells, endothelial cells, macrophages, smooth muscle
cells, lymphocytes, pericytes and pre-adipocytes, among
others, is known as the stromal vascular fraction (SVF) [13–
18]. Recent advances in the area of tissue regeneration have
put SVF on a par and at times even above ADSCs [19]. For
instance, in a study of erectile function in a rat model of
cavernous nerve (CN) injury, SVF treatment showed superior
statistically significant results compared with ADSC treatment
alone, especially in smooth muscle/collagen ratio and in
endothelial cell content [20]. Similar results were reported in
an animal study comparing ADSCs and SVF as treatment for
multiple sclerosis [21].

In the present study, we investigated the effects of early local
injection of SVF on plaque formation and erectile function in
a validated rat model for the acute phase of PD.

Methods
Ethical Approval

All experiments on animals and human tissues were approved
by the ethics committee of Katholieke Universiteit Leuven
(Leuven, Belgium) (P 272/2014). The sample size of 24 was
calculated, considering three groups, a statistical power of 0.9,
an effect size of 2, and an a level 0.05 (G*Power 3.1).

Animals

Male Sprague–Dawley rats (n = 27; 12 weeks old; 300–350 g;
Charles River Laboratories, Wilmington, MA, USA) were
used. Rats were housed in pairs in 12-h reversed-cycle

lighting with ad libitum access to food and water. I.p.
ketamine (75 mg/kg) and xylazine (50 mg/kg) were used for
anaesthesia for the surgical procedures [22]. Amoxicillin
(50 mg/kg i.p.) was administered 1 h prior to the surgical
procedures as prophylaxis. The rats were killed using carbon
dioxide asphyxia as described in local regulations.

Study Design

The rats were randomly divided into three equal groups. The
sham group (n = 8) underwent injection of 50-lL vehicle
(citrate buffer) in the dorsomedial aspect of the right mid-
shaft TA with a Hamilton microlitre syringe after opening
the buck fascia as previously described [7]. The remaining 16
rats were injected with recombinant 0.5 lg of TGF-b1 in 50-
lL vehicle [7]. After 1 day, all rats underwent laparotomy
incision and resection of the para-testicular adipose tissue.
The same day, the rats received a second injection with
either PBS (200 lL; sham and TGF-b groups) or autologous
SVF in PBS (1 million cells in 200 lL; SVF group).
Four weeks after treatment, all rats underwent in vivo erectile
function evaluation, after which the rats were killed and the
penises harvested for histological analysis and for protein
extraction.

Isolation of Stromal Vascular Fraction

The rats underwent laparotomy incision and resection of
the para-testicular adipose tissue. The adipose tissue was
rinsed with PBS, minced into small pieces, then incubated
in a solution containing 0.075% collagenase type IA
(Sigma-Aldrich, St Louis, MO, USA) for 1 h at 37°C, with
a vigorous shake for 15 s at 20-min intervals. The top lipid
layer was removed, and the remaining liquid portion was
centrifuged at 1 000 g for 10 min at room temperature.
The pellet was treated with 160 mM NH4Cl for 10 min to
lyse red blood cells. The cells were then washed,
centrifuged, and the pellet was resuspended in PBS. The
nucleated cells from the pellet were counted and diluted to
5 000 cells per lL in saline, of which 200 lL were kept on
ice until injection [23].

Erectile Function Measurement

Intracavernosal pressure (ICP) response to electrostimulation
of the CN was used to evaluate erectile function [7]. Briefly,
under anaesthesia, the right CN was exposed and the right
crus of the corpus cavernosum was identified and cannulated
with a heparinized (200 U/mL) 25-G needle connected to a
pressure transducer. The CN was activated (2.5, 5 and 7.5 V)
by platinum electrodes connected to a stimulator at 20 Hz for
50 s [7]. The nerve was stimulated once per voltage, and a
resting period of 2 min was allowed for nerve recovery
between stimulations. Mean arterial pressure (MAP) was
recorded by carotid artery cannulation [7].
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Histological Analysis of Tissue

The penile midshaft at the level of the injection site was
harvested, fixed, and further processed for histology.
Haematoxylin and eosin and Masson’s trichrome staining
procedures were performed according to a standard protocol,
previously described [7,22,24,25].

Western Blot Analysis

Western blot analysis was performed as previously described
[7,22,24,25] for the detection of collagen I, collagen III and
elastin proteins at the level of the penile midshafts.
Glyceraldehyde-3-phosphate dehydrogenase (GADPH) was
used as an internal standard. Primary antibodies were Rb
anti-collagen III (1:1 000; Abcam Inc., Cambridge, MA,
USA), Ms anti-elastin (1:500, Abcam) and Rb controls
against GADPH (1:1 000, Santa Cruz Biotechnology, Santa
Cruz, CA, USA), Rb anti-collagen I (1:500; Abcam Inc.)
[7,22,24,25].

Statistical Analysis

The results were analysed using PRISM v.4 (GraphPad
Software, San Diego, CA, USA) and expressed as mean and
standard deviation of the mean. Multiple groups were
compared using one-way ANOVA, followed by the Student–
Newman–Keuls test for post hoc comparisons. Statistical
significance was set at P <0.05 [25,26].

Results
No rat developed infection or died after the surgical
procedures.

Rats in the TGF-b group displayed a deposition of amorphic
matrix and a haphazard organization of collagen fibres in the
TA, which extended into the subtunical corpus cavernosum
(Fig. 1). These morphological results were corroborated by
quantitative Western blot analysis, which revealed an
increased protein content of collagen III/collagen I compared
with the sham group (P < 0.05 for both; Fig. 2). In the SVF
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Fig. 1 Histology. Representative photomicrographs of Masson’s trichrome and haematoxylin and eosin (H & E) staining in midshaft sections of rat

penises at 109, 209 and 409 magnification. (A) H & E staining on sections from a sham rat and (B) corresponding Masson’s trichrome staining on an

adjacent section from the same rat. (C) H & E staining in sections from a TGF-b rat and (D) corresponding Masson’s trichrome staining on an adjacent

section from the same rat. (E) H & E sections from a stromal vascular fraction (SVF) rat and (F) corresponding Masson’s trichrome staining on an

adjacent section from the same rat. Note the open cavernous sinusoids in the sham rats (*) and the surrounding normal bilayer structure of the tunica

albuginea (#). In TGF-b rats, there is deposition of amorphic extracellular matrix material ($) with scattered high numbers of cells (>), which are likely to

be fibroblasts based on their spindle-shaped morphology and relationship with the extracellular matrix. In the SVF rat, there is an increase in

extracellular matrix deposition (+); however, collagen fibres seem better organized and the sinusoid structure is largely preserved. GADPH,

glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 2 Western blot analysis for collagen III, collagen I and elastin. (A) Representative chemiluminescence images of blotted membranes containing

protein extracts of all three groups. Double bands are attributable to binding of antibodies to glycosylated and non- glycosylated forms of these

molecules. (B) Summarized protein expression levels for elastin # P < 0.05 vs sham group in ANOVA with post hoc Student–Newman–Keuls analysis. (C)

Summarized protein expression levels for collagen I + P < 0.05 vs both stromal vascular fraction ( SVF)-treated and sham rats in ANOVA with post hoc

Student–Newman–Keuls analysis. (D) Summarized protein expression levels for collagen III + P < 0.05 vs both sham and SVF-treated rats in ANOVA with

post hoc Student–Newman–Keuls analysis. (E) Collagen III and I expression ratio * P < 0.05 vs both sham and TGF-b in ANOVA with post hoc Student–

Newman–Keuls analysis.
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group, the overall structure of the TA and collagen I and III
expression of the penile shafts was similar to that of sham
rats (Fig. 3). Penile shafts from TGF-b rats showed more
elastin expression than those from the sham group (P < 0.05)
but no difference compared with the SVF group (P < 0.05;
Fig. 3). Interestingly, the collagen III/collagen I ratio was
lower in the SVF group than in the sham and TGF-b groups
(P < 0.05). Quantitatively, the protein content of collagen III
was reduced by 72.8% after SVF injection, as shown by
Western blot analysis.

The morphological findings were supported by the functional
studies. A significant difference was noted in ICP and ICP/
MAP ratio in response to CN electrostimulation among the
three groups at 2.5, 5 and 7.5 V (P < 0.05 for all voltage)
4 weeks after vehicle or SVF injection (Figs 3 and 4). Rats
injected only with TGF-b1 showed a moderate but
statistically significant diminished response to CN
electrostimulation compared with sham rats at all voltages.
Treatment with SVF improved erectile function, as evidenced

by increased ICP/MAP compared with TGF-b at all voltages
(P < 0.05). Quantitatively, the SVF treatment improved the
ICP/MAP compared with TGF-b treatment by 130% at 2.5 V
(P = 0.02), by 132% at 5 V (P <0.001) and by 137% at 7.5 V
(P <0.001). No differences were noted between sham and
SVF rats at all voltages (P > 0.05).

Discussion
Our results provide evidence that SVF reduces TA fibrosis in
a rat model that is generally accepted to mimic the acute
phase of PD. SVF is a heterogeneous fraction containing
mature endothelial cells, vascular smooth muscle cells,
macrophages, regulatory T cells, fibroblasts and a large
population of stem/progenitor cells [13–18]. Several
preclinical and clinical studies have explored the efficacy of
adipose SVF in several types of fibrotic disease, and also in
animal models of erectile dysfunction and incontinence,
showing positive results and a similar efficacy to ADSC
treatment [13–18]. There are multiple advantages of using
adipose SVF rather than ADSCs in the clinical setting. Firstly,
unlike ADSCs, adipose SVF is easily acquired and re-injected
within a short time frame, without the need for any cell
separation or culturing conditions, reducing the risk of
genetic instability and teratogenesis [27]. Secondly, SVF has
minimal contact with reagents, making it comparatively safe
and subject to the fulfilment of fewer regulatory criteria [27].
In efforts to improve the yield of SVF isolation in the clinical
setting, many companies have developed automatic processing
systems, which are able to improve the isolation process by
reducing the human element contamination, while still
adhering to the current Good Manufacturing Practices. Many
of these companies are actively pursuing clinical trials to
validate their devices and technologies clinically, while also
providing cellular therapy to patients in need, such as the
upcoming STAR trial (Celution� - Cytori Therapeutics,
ClinicalTrials.gov Identifier: NCT02396238) for the treatment
of scleroderma, which has recently received an investigational
device exemption from the US Food and Drug
Administration and is currently ongoing [28].

To date, three preclinical studies have evaluated ADSCs
injected locally as a therapy for PD [7–9]. The in vivo efficacy
of ADSCs was tested using the most common model for PD:
the model based on the local injection of TGF-b1 into the
TA of rats. In our previous study [7], we showed that in the
acute, or inflammatory phase of the disease, xenograft
injection of human ADSCs into the affected area prevents the
formation of fibrosis and elastosis in the tunica and corpus
cavernosum and restores erectile function. In this previous
study, we injected the human ADSCs 1 day after the TGF-b1
treatment, aiming to mimic the early phase of the disease,
which is characterized by inflammation, penile pain,
curvature progression and no stable identifiable fibrotic
plaque [7]. After 1 month, rats injected with TGF-b1
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displayed extensive TA and corporal fibrosis and elastosis at
the injection site, together with impaired erectile function [7].
Our results were in line with the two preclinical studies
performed by Gokce et al. [8,9]. These three studies showed
consistently that TA injection of ADSCs resulted in
significantly lower TA fibrosis and in a better erectile
function response compared with the rats treated only with
TGF-b1 [8,9].

In the present study, we aimed to assess the efficacy of SVF
in the acute phase of PD using the same animal model and
the same study design used in our previous experiment.
Similarly to our previous results [7], the rats injected with
TGF-b developed TA fibrosis, characterized by a diffuse and
disorganized deposition of elastin and both collagen III and I.
These changes resulted functionally in a severe impairment of
erectile function upon CN electrostimulation. Based on our
results, SVF is able to reduce the collagen III and collagen I
content in the TA of the treated rats and to ameliorate their
erectile function with similar efficacy to ADSC treatment.

The present study has some inherent limitations including the
lack of characterization of the injected cell types. However,
others studies, using a similar isolation protocol, have
examined the exact composition of SVF [23]. In addition, this
study was conducted with a limited time frame for functional
evaluation and we were therefore unable to assess whether
the changes induced by cellular therapy persisted over a
longer time. More importantly, we studied administration of
SVF only in the inflammatory phase of the disease. It is
known that only a small portion of patients with PD present
in the early phases of the disease and therefore this study
should be regarded as a proof of principle that SVF therapy is

able to halt the natural development of PD plaques. Whether
this cellular therapy is able to reduce established PD plaques
remains to be elucidated. Further experimentation is now
being conducted, targeting the effects of SVF in the chronic
disease state in this model. Despite these limitations, we were
able to show functional and histological improvement of SVF
in PD rats, providing a translationally interesting new avenue
in autologous cellular therapy for PD.

In conclusion, this study is the first to test SVF in an animal
model of PD. In the acute phase of the PD, injection of SVF
into the affected area prevents the formation of fibrosis in the
TA. The present data, together with the availability of routine
autograft SVF isolation procedure therapy, represent an
encouraging translational potential of this treatment strategy.
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