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ABSTRACT. The aim of this in vivo study was to determine the 
existence of muscle-derived stem cells (MDSCs) in rat corpus 
cavernosum. Immunohistochemical and RT-PCR analyses were 
performed to determine the expression of the stem cell markers (Sca-
1, Oct4, and desmin) in Sprague-Dawley (SD) rats in different age 
groups (10 rats in each group). Sca-1 was mainly expressed in blood 
vessels and cavernous sinus and demonstrated primarily cytoplasmic 
staining. Desmin was expressed mainly in muscle tissues and 
staining occurred mainly in the cytoplasm but also partially in the 
nucleus. An extremely small amount of double-positive stained cells 
(Sca-1/desmin) were detected near the cavernous sinus. Expression 
of the markers was significantly and negatively correlated with 
the age of the rats (P < 0.05). The RT-PCR results showed that the 
expression levels of Sca-1 and desmin significantly decreased with 
age (P < 0.05). Correlation analysis indicated that the expression of 
Sca-1 and desmin were significantly and negatively correlated with 
the age of rats (r = -0.929, P < 0.05). The present study provides 
evidence for the existence of MDSCs in rat corpus cavernosum. 
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MDSCs may have therapeutic potential in the treatment of organic 
erectile dysfunction.
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INTRODUCTION

Adult stem cells play a critical role in basic research and the clinical treatment of many 
diseases (Trounson, 2009). Adult stem cells are capable of trans-system and trans-mesoderm 
differentiation and for this reason these cells have been extensively studied for a variety of 
diseases, including erectile dysfunction (ED) (Albersen et al., 2010; Kim et al., 2011a). How-
ever, the characterization and distribution of endogenous stem cells in cavernosum tissue have 
not been fully elucidated, so exogenous stem cells must be used for investigations into cellular 
therapeutics for ED (Nolazco et al., 2008; Lin et al., 2009). These exogenous cells include 
embryonic stem cells, mesenchymal stem cells, adipose stem cells, muscle-derived stem cells, 
neural crest stem cells, and other stem cells (Jackson et al., 2007). Although there are a multi-
tude of exogenous cells that can be used, the development of these cells has been limited due 
to the complexity and invasiveness of the treatment process (Ambrosio et al., 2009; Kim et 
al., 2011b). Non-invasive methods and investigations into the expression of endogenous stem 
cells in cavernosum are paramount to successful cellular ED interventions (Song et al., 2007).

The functional unit for erection is smooth muscle fiber and the sinusoidal endothelial 
cell system (Andersson, 2011). The smooth muscles account for 40-50% of cavernosum tissue 
and play an important role in erectile function (Moreland et al., 2001; Sullivan et al., 2001). 
Due to their critical role, cavernosum muscle-derived stem cells (MDSCs) were chosen as the 
target cells in the present study. In recent years, MDSCs have been widely used for investiga-
tions into the treatment of muscular dystrophy (Ambrosio et al., 2009), heart disease (Shibuya 
et al., 2010), stress urinary incontinence (Proano et al., 2010), neurogenic bladder (Nitta et 
al., 2010), and bone and nervous system diseases (Matsumoto et al., 2009; Xu et al., 2010). 
Despite their widespread use, treatments for organic ED by interfering with and regulating the 
expression of cavernosum MDSCs have not been reported.

The aim of this project was to investigate the existence of cavernosum MDSCs. 
MDSCs are mainly obtained through short-cycle enzymatic digestion, which offers easy 
access and low contamination rates. The pre-plate differential adhesion technique was used 
for separation and purification (Gharaibeh et al., 2008; Nolazco et al., 2008). Since specific 
markers are still unavailable for the identification of MDSCs, we utilized frequently used stem 
cell markers, namely Sca-1, Oct4, and desmin, for their identification (Nolazco et al., 2008; 
Shi and Jin, 2010; Lam et al., 2011). The present study utilized immunohistochemical and 
RT-PCR techniques to detect the expression of Sca-1 and desmin in the cavernosum of rats 
of varying ages as well as to investigate the distribution of MDSCs in the cavernosum tissue. 
The enzymatic digestion method and an improved pre-plate differential adhesion method were 
used to separate and purify cavernosum cells of rats. Immunofluorescence cytochemistry, 
flow cytometry and Western blots were used to determine the expression of Sca-1, Oct4, and 
desmin in adherent cells, and to further explore the related techniques for initial separation of 
MDSCs. The results from these experiments will provide the experimental basis for further 
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subculture of MDSCs and induced differentiation, and provide potential therapeutic strategies 
for the stem cell based therapy in organic ED.

MATERIAL AND METHODS

Ethics statement

The study was approved by the Ethics Committee of the Second Affiliated Hospital of 
Suzhou University. All animals received humane care in compliance with the “Principles of 
Laboratory Animal Care” (NIH publication No. 85-23, revised 1985). All animal experiments 
were approved by the Animal Care and Use Committee of Binzhou Medical College.

Animals and treatments

Thirty male SD rats of two, five, and twenty months from different nests were ran-
domly selected (clean grade) and their average body weights were 180, 370, and 520 g, re-
spectively. The rats were purchased from the Center of Experimental Animals in Suzhou Uni-
versity, and they were operationally defined as the young group (N = 10), mid-age group (N 
= 10), and old group (N = 10). The rats were subjected to anesthesia by ether inhalation and 
an incision was made in the lower portion of the abdomen. The penile tissues were carefully 
separated and dissected. The penis head (including the penis cartilage) and urethral sponge 
were removed and the corpus cavernosum was collected. After rinsing with normal saline, the 
tissues were divided into two parts. The first part was immersed in 10% neutral formalin solu-
tion for fixation, hematoxylin-eosin (HE) staining and immunohistochemical analysis. The 
second part was immediately placed in liquid nitrogen for storage and later RT-PCR.

Immunohistochemical analysis

Three serial sections of the cavernosum tissues were dehydrated, embedded and then 
serial sections in paraffin with a thickness of 4 μm. The EnVision method was used for single 
immunohistochemical labeling of Sca-1 and desmin. The EnVision-HR method was further 
utilized for double immunohistochemical labeling of Sca-1/desmin. PBS was used instead of 
the primary antibody as the blank control.

RT-PCR

The primer sequences were designed using the Primer Premier 5.0 software and the 
housekeeping gene β-actin was used as an internal reference (Table 1). The RT reaction mix-
ture (30 μL) contained 15 μL 2X RT buffer, 1 μL 100 μM random primers, 1 μL RTase, 6 μL 
template (RNA), and 7 μL DEPC water. The reaction conditions were as follows: 25°C for 10 
min, 40°C for 60 min, and 70°C for 10 min. The fluorescence quantitative RT-PCR mixture (50 
μL) contained 25 μL 2X PCR buffer, 0.6 μL of each primer (25 μM), 1 μL template (cDNA), 
22.8 μL DEPC water. The amplification conditions were as follows: 94°C pre-denaturation for 
3 min, 94°C for 25 s, 60°C for 25 s, and 72°C for 25 s for 35 cycles. The product was analyzed 
by 2% agarose gel electrophoresis.
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Digestion and separation of corpus cavernosum cells

After anesthetizing the animals, the penile tissue was collected under sterile conditions 
from the 2-month-old male SD rats. All operations were performed on an ultraclean bench. PBS 
was used to rinse the tissues three times. The penis skin, subcutaneous fascia, urethra, and albu-
ginea were carefully removed using sterile ophthalmic scissors, and the corpus cavernosum tis-
sues were kept. The cavernous tissues were cut into small 1.0-2.0 mm3 sections and enzymatic 
digestion was used for digestion and separation. 0.5% type I collagenase was added for the di-
gestion at constant temperature for 3 h. Afterwards, 0.1% trypsin in the same volume was added 
for further digestion for another 30 min. The cells were then examined under the microscope, 
and DMEM high sugar medium containing 10% (v/v) fetal bovine serum was added to termi-
nate the digestion when the cells were nearly all dispersed into single cells. The solution was 
then filtered using a 200 mesh filter, and then 200 g of filtrate was collected by centrifuging at 
200 g for 10 min. The supernatant was discarded and the cell pellet was resuspended in DMEM 
medium containing 20% fetal bovine serum. The cell concentration was adjusted and the cells 
were inoculated into cell culture flasks and incubated at 37°C in a 5% (v/v) CO2 incubator.

Purification and culture of cells

The contaminated cells were removed using the Pre-plate differential adhesion 
method (Qu-Petersen et al., 2002). These cells were grown for one hour and the adherent cells 
were Pre-plate 1 (PP1). The non-adherent cells were grown in a new culture flask for another 
two hours, and the adherent cells were considered Pre-plate 2 (PP2). Again the non-adherent 
cell suspension was transferred to a new flask for further growth for 18 h, and the subsequent 
adherent cells were considered Pre-plate 3 (PP3). Afterwards, flask culture transfers were 
performed every 24 h, and the cells were successively identified as Pre-plate 4 to 6, respectively 
(PP4, PP5, and PP6). PP6 cells began to adhere to the wall after they were grown for two or 
three days, and the culture solution was changed once a day. The cells were observed under 
an inverted microscope, and the cells were divided and grown in different flasks when cell 
confluence approached 50%. These cells were then used for the subsequent experiments.

Flow cytometry analysis

PP6 cells were collected and the cell concentration was adjusted to 1 x 107 cells/mL. 
The cells were fixed for 15 min by the addition of 100 μL Reagent A and were then rinsed once 
with PBS. The cells were subsequently centrifuged and collected, and the primary antibody 
(Sca-1, Oct4, and desmin; 1:50) was added. The IgG corresponding to the primary antibody 
was then added in the control group and fully mixed with the cells. After incubation at room 
temperature for 40 min, the cells were rinsed twice with PBS. Afterwards, the FITC-labeled 

Gene	 Sense chain	 Anti-sense chain	 Product length (bps)

β-actin	 CCCATCTATGAGGGTTACGC	 TTTAATGTCACGCACGATTTC	 150
Sca-1	 AACCATATTTGCCTTCCCGTCT	 CCAGGTGCTGCCTCCAGTG	 135
Desmin 	 CTTGATGAGGCAGATGAGGA	 AGCTTCCGGTAGGTGGCAAT	 192

Table 1. Primer sequences for the detection on mRNA expression level and product length.
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secondary antibody corresponding to the primary antibody (1:50) was added. After incubation 
at room temperature in the dark for 30 min, the cells were rinsed with PBS and 500 μL PBS 
was added. Flow cytometry was used to determine the positive cell count.

Immunofluorescence cytochemical identification

The PP6 cells were inoculated on a six-well plate with coverslip. Growth coverslips 
were prepared after the adherence of the cells. The cells were fixed with 40 g/L paraformal-
dehyde for two hours and then flooded and rinsed with PBS. Afterwards, 1% Triton-100 was 
added and the cells were kept at room temperature for 15 min. The cells were then flooded and 
rinsed with PBS. The growth coverslips were treated with 3% (v/v) H2O2-methanol solution 
for 15 min, after which the cells were flooded and rinsed with PBS. Primary antibody, 100 μL, 
was added (stem cell antigen 1, embryonic antigen, desmin 1:50), and the cells were incubated 
at 37°C for 2 h (the two kinds of primary antibodies were added simultaneously for Sca-1/
Oct4, Sca-1/desmin, and Oct4/desmin double immunofluorescence cytochemical analysis). 
PBS was used instead of the primary antibody as the negative control and the specimens were 
flooded and rinsed with PBS. FITC-labeled secondary antibody (1:200, 100 μL) correspond-
ing to the primary antibody was added, and the cells were incubated at 37°C for 1 h (the two 
kinds of secondary antibodies corresponding to the primary antibody were added simultane-
ously at the same time of being labeled by double-label immunofluorescence method). PBS 
was used to immerse and rinse the cells and the mounting medium preventing fluorescence 
quenching was used. The specimens were then observed and photographed under a fluores-
cence microscope. The images were processed using the Image-ProPLUS software.

Western blotting

PP1-PP6 cells were collected, and a total protein extraction kit was used to extract 
the proteins in different samples. The Bradford method was used to determine the protein 
concentrations of the different samples, and the loading amount was adjusted. Electrophoresis 
was performed using an SDS-PAGE gel. The proteins were transferred to a PVDF membrane 
and blocked using a blocking buffer. After this step, the primary antibody (Sca-1, Oct4, and 
Desmin; 1:400) was added and the membrane was incubated on a shaker at 4°C overnight. 
The secondary antibody (HRP-goat anti-rabbit IgG, HRP-sheep anti-mouse IgG, diluted with 
the blocking buffer at 1:5000) was then added after the membrane was rinsed, and then the 
membrane was exposed after developing.

Determination of positive results

The immunohistochemical results were collected from the different groups analyzed 
under the microscope (400X). The positive staining result for single labeling was brown and 
the positive staining results for double labeling was dark brown.

Statistical analyses

The data are reported as the means ± standard deviation (means ± SD). t-tests were 
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used to determine differences between groups, and P < 0.05 was considered to be statistically 
significant. Spearman rank correlation was used for correlation analysis and P < 0.05 indicated 
a significant correlation.

RESULTS

HE staining

The corpus cavernosum of the rats gradually changed from tightly organized struc-
tures to loosely organized structures as the age of the rats increased. Similarly, the blood ves-
sels were found to be abundant, slightly decreased, and significantly decreased in the young, 
mid-age and old rats (Figure 1).

Figure 1. Differences in structural density of corpus cavernosum and the distribution of blood vessels in the SD rats 
of at different month-old groups: Young (A), Mid-age (B), and Old (C) groups (400X).

Immunohistochemical results

The results showed the following features. 1) Sca-1 was mainly expressed in blood 
vessels and the cavernous sinus, with staining primarily in the cytoplasm. 2) Desmin was 
expressed mainly in muscle tissues, with staining mainly in the cytoplasm but also partially 
in the nucleus. 3) An extremely small number of double-positive stained cells (Sca-1/desmin) 
were detected near the cavernous sinus. 4) There were statistically significant differences in 
the expression of Sca-1 and desmin between the age groups (P < 0.05). Expression of the 
markers was significantly and negatively correlated with the age of the rats (P < 0.05) (Fig-
ures 2 and 3).

RT-PCR results

The RT-PCR results showed that the expression levels of Sca-1 and desmin signifi-
cantly decreased with age (P < 0.05). There were significant differences in the concentrations 
of the two kinds of markers between age groups (P < 0.05) (Table 2), which was in accordance 
with the immunohistochemical results.
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Figure 2. Expression of Sca-1 and Desmin in the corpus cavernosum of the SD rats of different ages (400X). A. and 
B. correspond to Sca-1 and Desmin, respectively and 1, 2, 3 correspond to the young, mid-age, and the old group, 
respectively. The arrows point to positively stained cells.

Figure 3. Expression of Sca-1/Desmin in the corpus cavernosum of the SD rats of different ages (400X). A. B. and 
C. correspond to the young, mid-age, and the old group, respectively. The arrows point to positively stained cells.

Groups	 Young group	 Mid-age group	 Old group

Sca-1	 0.55 ± 0.07	 0.27 ± 0.04*	 0.14 ± 0.02*Δ

Desmin	 3.40 ± 0.31	 2.10 ± 0.23*	 1.10 ± 0.24*Δ

*Compared with the young group P < 0.05. ΔCompared with the mid-age group P < 0.05.

Table 2. Expression levels of Sca-1 and Desmin in corpus cavernosum of the rats from different age groups.
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Correlation analysis for the amount of stem cell marker and the age of rats

Correlation analysis indicated that the expression of Sca-1 was significantly and nega-
tively correlated with the age of rats (r = -0.929, P < 0.05). Similarly, the expression of desmin 
was significantly and negatively correlated with the age of rats (r = -0.924, P < 0.05).

Results of cell isolation and flow cytometry

PP1 and PP2 cells adhered to the wall rapidly and they were mainly long spindle-
shaped fibrous cells. The adherent capability of PP3-PP5 cells successively decreased. In these 
plates, short spindle-shaped cells appeared. Some of these cells were polygon-shaped and 
primarily consisted of vascular endothelial and smooth muscle cells. Some of the PP6 cells 
were small and round floating cells. These PP6 cells slowly adhered to the wall and became 
adherent as round- or spindle-shaped cells after two or three days (Figure 4). The expression 
of Sca-1, Oct4, and desmin in PP6 cells was 5.7, 2.6, and 41.2%, respectively.

Figure 4. Morphology of PP1-PP6 cells under the light microscope (400X).

Immunofluorescence cytochemistry results

The expression of Sca-1, Oct4, and desmin was detected in PP6 cells, while the ex-
pression of Sca-1 and Oct4 was detected in very few cells. Sca-1 was mainly expressed in the 
cytoplasm, Oct4 was mainly expressed in the nucleus, and desmin (+) was concentrated and 
mainly expressed in the cytoplasm (Figure 5). Very few cells expressed Sca-1/Oct4, Sca-1/
desmin, and Oct4/desmin. Sca-1/Oct4 was expressed in the cytoplasm and the nucleus, Sca-1/
desmin mainly in the cytoplasm, and Oct4/desmin mainly in the nucleus and cytoplasm.
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Western blotting results 

When the total amount of protein was equivalent, significant expression levels of Sca-
1 and Oct4 were not detected in the PP1-PP5 cells. The expression of Sca-1 and Oct4 was 
detected in the PP6 cells and the concentrations were lower than that of the internal reference. 
A very low expression level of desmin was detected in PP1-PP2 cells, while its expression 
level significantly increased in the PP3-PP6 cells (Figure 6).

Figure 5. Expression of Sca-1, Oct4, Desmin, Sca-1/Oct4, Sca-1/Desmin, and Oct4/Desmin in the PP6 cells. The 
arrows indicated positive cells (400X).

Figure 6. Western blotting detection of Sca-1, Oct4, and Desmin expression in PP1-PP6 cells.
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DISCUSSION

The present study investigated the expression and distribution of Sca-1, desmin, and 
Sca-1/desmin in corpus cavernosum of rats. We also found that the expression levels were 
significantly negatively correlated with the age of the rats, suggesting that the expression of 
these markers gradually decreases with age. As part of this investigation, the corpus caverno-
sum cells were also isolated and purified to determine the expression of Sca-1, Oct4, desmin, 
Sca-1/Oct4, Sca-1/desmin, and Oct4/desmin. These data provided the experimental evidence 
for further subculture and amplification of MDSCs, and also provided evidence for possible 
therapeutic strategies for non-invasive stem cell based therapy in organic ED.

The present study made use of important techniques to isolate MDSCs in these tis-
sues. This is an important step in investigations of this type. We processed the corpus caverno-
sum tissues using enzymatic digestion, and the modified corpus Pre-plate differential adhesion 
technique was further utilized to isolate and purify the MDSCs according to Qu-Petersen et 
al. (2002) and Nieponice et al. (2008). The Pre-plate technique provides investigators with a 
rather homogenous sample of stem cells (Becker and Jakse, 2007). The adhesive capability 
of fibroblasts and collagen fiber cells was the greatest, so these cells were primarily isolated 
on the plate. As the adhesive capability of vascular endothelial cells and smooth muscle cells 
was relatively lower, these cells adhered on the later plates. MDSCs had the lowest adhesion 
capability, so after continuous six-step differential adhesion, most of the impurity cells were 
removed and the efficiency in the detection could be improved in the final sample of cells. The 
isolated PP6 cells in the present study were small round or short fusiform shaped cells and 
their adhesive capability was relatively weak, which was consistent with the characteristics 
of MDSCs.

The present study detected the expression of Sca-1 and Oct4 in cavernous tissue and 
cells and the results were similar to the findings from non-corpus cavernosum-derived MDSCs 
reported by Nieponice et al. (2008) and Ho et al. (2009). The techniques presented in the 
present study can be used with previously established methods to identify corpus cavernosum 
stem cells and improve in their identification rate.

Previous investigations have indicated that the positive rate of desmin in MDSCs can 
be as high as 90%. Therefore, desmin is frequently used for the identification of MDSCs (Dan-
isovic et al., 2008). This experiment detected a very low level of double-positive cells (Sca-1/
desmin) near the cavernous sinus. The double-positive cells (Sca-1/Oct4, Sca-1/desmin, Oct4/
desmin) were successfully isolated, which further confirmed that MDSCs existed in the stem 
cells from corpus cavernosum. It should be noted that endothelial, vascular, neurological and 
other factors also play an important role in the pathogenesis of organic ED (Lippi et al., 2012). 
While MDSCs have the multiple differentiation capability of stem cells, they cannot only 
differentiate into myogenic cells, but also have a very high potential for endothelial, vascular 
and neural differentiation. Therefore, these cells may play an important role in future clinical 
treatment approaches.

Another important finding of this study was the relationship between the expression of 
the markers and the age of the rats. As the rats grew older, the expression of the markers sig-
nificantly decreased. This suggests that the collection of stem cells from corpus cavernosum of 
rats should be carried out in young rats. In addition, the efficacy of based therapy in ED using 
endogenous stem cells may be closely related to the age of patients. Therapeutic efficacy in 
middle-age and younger patients may be better than that in older patients.
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This study provides an important foundation for future research that targets cellular 
treatments for ED. In this study, we detected and isolated corpus cavernosum MDSCs at the 
tissue level, which is a promising first step for future treatments of ED using endogenous 
stem cells. However, the subculture amplification, multiple-direction induced differentiation 
and functional tests on animal models require further investigation before conclusions can be 
made about the viability of the MDSC approach. The incidence of diabetic-related ED has 
increased in recent years and has been attributed to structural impairments in endothelial cells, 
decreased smooth musco3 cells and cavernous nerve injury (Angeloni et al., 2011; Li et al., 
2011). However, the potent self-renewing and proliferative capability of MDSCs, as well as 
the multi-direction differentiation potency, has a broad prospective in the treatment of diabetic 
ED. Some studies have proposed that the endogenous organ stem cells can be activated by 
proper ultrasonic treatments in the distribution region of stem cells (Wang et al., 2010). This 
may provide a feasible treatment paradigm for the non-invasive based therapy of organic ED 
using stem cells in the future.
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