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Icariside II (ICA II) is used in erectile dysfunction treatment. 

Adipose tissue-derived stem cells (ADSCs) are efficient at 

improving erectile function. This study aimed to explore the 

action mechanism of ADSCs in improving erectile function. 

ADSCs were isolated from the adipose tissues of rats. Cell 

proliferation was determined using the Cell Counting Kit-8 

(CCK-8) assay. The expressions of mRNA and protein were 

determined separately through qRT-PCR and western blot. 

The endogenous expressions of related genes were regulated 

using recombinant plasmids and cell transfection. A Dual-

Luciferase Reporter Assay was performed to determine the 

interaction between miR-34a and STAT3. Rat models with 

bilateral cavernous nerve injuries (BCNIs) were used to assess 

erectile function through the detection of mean arterial pres-

sure (MAP) and intracavernosal pressure (ICP). ICA II promot-

ed ADSCs’ proliferation and differentiation to Schwann cells 

(SCs) through the inhibition of miR-34a. Suppressed miR-34a 

promoted the differentiation of ADSCs to SCs by up-

regulating STAT3. ICA II promoted the differentiation of AD-

SCs to SCs through the miR-34a/STAT3 pathway. The combi-

nation of ICA II and ADSCs preserved the erectile function of 

the BCNI model rats. ADSCs treated with ICA II markedly pre-

served the erectile function of the BCNI model rats, which  

was reversed through miR-34a overexpression. ICA II pro-

motes the differentiation of ADSCs to SCs through the miR-

34a/STAT3 pathway, contributing to erectile function preser-

vation after the occurrence of a cavernous nerve injury. 

 

Keywords: ICA II, ADSCs, erectile function, miR-34a, STAT3 

 

 

INTRODUCTION 
 

Erectile dysfunction (ED) is a disease partially caused by cav-

ernous nerve injury and usually afflicts men aged 40 years 

and older. It often endangers the physical and psychological 

health of its patients (Shamloul and Ghanem, 2013). Icariin 

(ICA) is clinically used as a traditional Chinese medicine for 

ED treatment, and ICA II is the main metabolite of ICA fol-

lowing its oral administration (Cao et al., 2012). ICA and ICA 

II can be isolated from herba epimedii and are useful in treat-

ing ED, which may be attributed to their effects on nitric 

oxide synthase (NOS) activity (Liu et al., 2011). Nitric oxide 

(NO) is an important neurotransmitter that plays a decisive 

role in the process of erection, and NO generated by neu-

ronal NOS (nNOS) is considered the main factor responsible  
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for the immediate relaxation of the corpus cavernosum 

(Amany and Heba, 2013). nNOS is an indispensable enzyme 

related to NO production that thereby modulates penile 

vascular homeostasis, and a reduction of nNOS expression 

usually leads to circulatory and structural changes in penile 

tissues, resulting in ED (Musicki et al., 2009). 

ADSCs are a population of multi-potent stem cells that can 

differentiate into several other types of cells and can be easily 

harvested from adipose tissue, making them the most prom-

ising stem cells for clinical therapy (Zuk, 2010). Recently, 

ADSCs-based therapy has been considered as a potential 

alternative for nerve damage prevention (Jeong et al., 2013), 

and ADSCs have been demonstrated to ameliorate cavern-

ous nerve injury-associated ED (Yang et al., 2015). Further-

more, ADSCs can be induced to differentiate into Schwann-

like cells, one of the ideal alternative cell systems for SC gen-

eration (Gao et al., 2015b). SCs are principal glia of the pe-

ripheral nervous system that play a pivotal function in repair-

ing nervous injury, including cavernous nerve injury and sub-

sequent ED (Wang et al., 2015). The S100β, the glial fibrilla-

ry acidic protein (GFAP), and P75 are specific known markers 

of SCs that are often used for SC differentiation studies. 

MicroRNAs (miRNAs) refer to a group of endogenous 

noncoding RNAs that negatively regulate gene expression 

and play a crucial role in modulating the differentiation of 

ADSCs (Chen et al., 2014). The miR-135 and miR-26a have 

been identified as regulators of the osteogenic differentia-

tion of ADSCs (Su et al., 2015; Xie et al., 2016). MiR-34a 

inhibits the differentiation of human ADSCs by regulating 

cell cycle and senescence induction (Park et al., 2015), and it 

also inhibits STAT3 expression (Li et al., 2015). Additionally, 

adipose-derived mesenchymal SCs promote osteosarcoma 

proliferation and metastasis by activating the STAT3 pathway 

(Wang et al., 2017). The above findings suggest that the 

miR-34a/STAT3 pathway may play a vital role in the differen-

tiation of ADSCs. 

In addition, the action mechanism of ICA II in ameliorating 

ED appears to be associated with enhanced endogenous SC 

differentiation (Xu et al., 2015). ICA II also has been proven 

to promote the osteogenic differentiation of canine bone 

marrow mesenchymal stem cells (BMSCs) through the 

PI3K/AKT/mTOR/S6K1 signaling pathway (Luo et al., 2017). 

ADSCs are similar to BMSCs in differentiation and protein 

secretion (Yang et al., 2015); hence, we speculated that ICA 

II may relieve ED by promoting the differentiation of ADSCs 

to SCs, which may be associated with the miR-34a/STAT3 

pathway. We undertook this study to explore the action 

mechanism of ICA II and ADSCs in preserving erectile func-

tion, and the role of the miR-34a/STAT3 pathway in this 

process. 

 

MATERIALS AND METHODS 
 
Isolation and culture of ADSCs 
All animal experiments were approved by the Ethics Com-

mittee of the First Affiliated Hospital of Zhengzhou Universi-

ty, and performed according to the National Institutes of 

Health Guidelines for the Care and Use of Laboratory Ani-

mals. 

SD male rats (weighing 60–70g and at 3 weeks old) were 

purchased from the Laboratory Animal Center of Zhengzhou 

University and sacrificed, and their adipose tissues were iso-

lated from their bilateral groins. The adipose tissue was in-

cubated in 0.1% collagenase Type I (Gibco) for 50 min at 

37℃ and shaken for 30 s after every 15 min. After centrifu-

gation at 250 g for 10 min at room temperature, the adi-

pose stromal vascular fraction (SVF) was treated with a red 

blood cell lysis buffer (160 mM NH4Cl) for 10 min at 4℃. 

After being centrifuged and rinsed with PBS, the remaining 

cells were resuspended in a DMEM/F12 medium supple-

mented with 10% fetal bovine serum (FBS, Gibco) and cul-

tured at 37℃ with 5% CO2. ADSCs passaged up to the third 

passage were used in this study. 

 

Cell proliferation assay 
Cell proliferation was determined using a Cell Counting Kit-8 

(CCK-8, Sigma) assay. The ADSCs at the third passage were 

seeded in 24-well plates at 1×10
4
 cells/well for 24 h, then 

treated with the solution containing ICA II (Tauto Biotech) at 

different concentrations (10
-9

-10
-5

 mol/L). The cells cultured 

in the complete medium served as a control. Cell prolifera-

tion was determined both at 48 h and 96 h. ADSCs were 

treated with a CCK-8 reagent with 10 μl in each well for 4 h, 

and the absorbance at 450 nm was measured using a mi-

croplate reader (Bio-Rad). 

 

Differentiation of ADSCs into SCs 
ADSCs at the third passage were dissociated and cultured in 

the DMEM medium with 1 mM β-mercaptoethanol and 

10% FBS at 37℃ with 5% CO2 for 24 h. The cells were 

washed with PBS and the medium was replaced with fresh 

DMEM with 10% FBS and 35 ng/ml all-trans-retinoic acid, 

maintained at 37℃ with 5% CO2 for 72 h. Next, the cells 

were washed with PBS and the medium was replaced with 

fresh DMEM containing 10% FBS, 5 mmol/L forskolin (Sig-

ma), 10 ng/ml basic Fibroblast Growth Factor (bFGF, Sigma), 

10 ng/ml platelet-derived growth factor (PDGF, Sigma), and 

200 ng/ml recombinant human heregulin-β1 (Sigma). It was 

cultured at 37℃ with 5% CO2 for 7 days. The normal SCs 

separated from the rats served as a control. 

 
Quantitative real-time PCR (qRT-PCR) 
The ADSCs and SCs were treated with a TRIzol reagent (Invi-

trogen) for the total RNA extraction. A cDNA Reverse Tran-

scription Kit (ABI) was used in the reverse transcription for 

the cDNA synthesis. A qRT-PCR was conducted with the 

SYBR Select Master Mix (ABI) on an ABI 7300Fast Real-Time 

PCR system. The primers were designed and synthesized by 

Sangon Biotech (China). The relative expression was calcu-

lated using the 2 -∆∆Ct method. 

 
Western blotting 
Western blotting was carried out to analyze protein expres-

sion. Briefly, the proteins were separated using SDS-PAGE 

with an electrophoresis system and transferred onto the 

polyvinylidene difluoride (PVDF) membrane (Bio-Rad). The 

membrane was then blocked with 5% skimmed milk for 1 h 

at RT, then incubated with primary antibodies including the 
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anti-S100β antibody (Abcam, 1:1000); the anti-GFAP anti-

body (Abcam, 1:2000); the anti-P75 antibody (Abcam, 

1:1000); the anti-STAT3 antibody (Abcam, 1:500); and the 

anti-β-actin antibody (Abcam, 1:1000) at 4℃ overnight. 

Next, the membrane was incubated with HRP-bound anti-

bodies at RT for 1 h, and the target proteins were visualized 

through ECL Plus Western Blotting Substrate (Thermo Fisher). 

 
Cell transfection 
The miR-34a mimic (No. miR10000815-1-5) and miR-34a 

inhibitor (No. miR20000815-1-5) were purchased from Ri-

boBio (Guangzhou) and transfected into the cells using 

Lipofectamine 2000 (Invitrogen) according to the instruc-

tions. The efficiency of the cell transfection was examined 

through a qRT-PCR analysis. 

 

Dual-Luciferase Reporter Assay 
The WT STAT3 3’-UTR or MUT IL-10 3’-UTR were inserted 

into the pmirGLO vector (Promega). Then the vectors and 

miR-34a mimic (or its negative control, pre-NC) or miR-34a 

inhibitor (or its negative control, NC) were co-transfected 

into the ADSCs using Lipofectamine 2000 (Invitrogen). Lu-

ciferase activity was detected by the dual Luciferase Reporter 

Assay System (Promega), according to the manufacturer’s 

specifications. 

 

Construction of the rat model with bilateral cavernous 
nerve injury (BCNI) 
Adult male SD rats (weighing 250–300 g and aged 8–10 

weeks) were divided into six groups: sham (n = 6), BCNI (n = 

6), PBS (n = 6), ADSCs (n = 6), ICA II (n = 6), and ICA 

II+ADSCs (n = 6). The BCNI model was established as previ-

ously reported (Chen et al., 2016b). In brief, the rats were 

anesthetized with pentobarbital sodium (40 mg/kg) through 

intraperitoneal injection. The rats were subsequently fixed 

onto a heated surgical table in a supine position. After being 

shaved and iodinated for sterilization, an incision at the low-

er abdominal midline was made, to expose the prostate 

glands. In the sham group (n = 6), the abdomen was then 

closed. The major pelvic ganglion (MPG) and cavernous 

nerve were exposed on either side of the prostate, and the 

BCNI model (n = 6) was induced via the direct perturbation 

of the nerve 5 mm distal to the MPG using mosquito hemo-

static forceps for 1 min. After the penis was exposed, an 

elastic band was applied to the base of the penis and main-

tained for 2 min, and a 1 × 10
6
 rat ADSC (Passage 3) sus-

pension in 0.2 ml PBS (ADSCs, n = 6) or 0.2 ml PBS alone 

(PBS, n = 6) was injected into both corpora cavernosa. An 

ICA II (4.5 mg/kg/day) treatment was performed with intra-

gastric administration to the ICA II (n = 6) and ICA II+ADSCs 

(n = 6) groups. 

 

Erectile function evaluation 
The erectile function of the rats was evaluated with mean 

arterial pressure (MAP) and intracavernosal pressure (ICP) 

four weeks after the surgery and injection as previously de-

scribed (Ouyang et al., 2014). Each rat was anesthetized 

with pentobarbital sodium (40 mg/kg) through intraperito-

neal injection. With a cervical median incision made, the left 

carotid artery was subsequently cannulated with a PE-50 

catheter filled with a 250 IU/ml heparin solution for MAP 

(mmHg) measurement. A 25G needle was inserted into one 

side of the corpus cavernosum and connected to another 

pressure transducer for the ICP (mmHg) detection. With a 

midline laparotomy, the cavernosal nerve was identified and 

isolated, and a bipolar hook electrode attached to a signal 

generator (BL-420F, China) was placed around the left cav-

ernous nerve for continuous stimulation. The monophasic 

rectangular pulses were recorded and analyzed. Erectile func-

tion was evaluated with the ratio of ICP /MAP. The penis was 

then harvested for qRT-PCR and western blot analyses. 

 

Overexpression of miR-34a in rats 
The ADSCs were transfected with an miR-34a mimic 

(dADSC+miR-34a) by Lipofectamine 2000 (Invitrogen), then 

treated with ICA II and cultured for differentiation induction. 

With the dADSC+NC or dADSC+miR-34a injections, BCNI 

model rats were divided into three groups: BCNI (n = 6), 

BCNI+dADSC+NC (n = 6), and BCNI+dADSC+miR-34a (n = 

6) groups. ICP and the ratio of ICP/MAP were detected four 

weeks after the injection. 

 

Statistical analysis 
All statistical analyses in this study were performed using 

SPSS 22.0 software (SPSS Inc.). Quantified data were ex-

pressed with mean ± standard deviation, and the differences 

between groups were examined by Student’s t tests. Multi-

ple comparisons among groups were conducted by using 

one-way analysis of variance (ANOVA) followed by Student-

Newman-Keuls post hoc tests. A value of P < 0.05 was con-

sidered statistically significant. 

 

RESULTS 
 

ICA II promoted ADSCs’ proliferation and differentiation 
into SCs 
The results of the cell proliferation detection revealed that 

ICA II significantly promoted the proliferation of ADSCs, both 

for the 48 h (D2) and 96 h (D4) treatments (Fig. 1A). In the 

process of the ADSCs’ differentiation into SCs, the cells were 

treated with ICA II for 72 h, and the morphology of the AD-

SCs and the SCs’ differentiation from the ADSCs is displayed 

in Figs. 1B and 1C, respectively. The expression of S100β and 

GFAP in the SCs differentiated from the ADSCs was also 

confirmed using the immunofluorescence staining method 

(Figs. 1D and 1E). The percentage of S100β+
GFAP

+
 cells was 

clearly elevated by ICA II in the process of differentiation 

from the ADSCs to the SCs (Fig. 1F). In the process of the 

ADSCs’ differentiation into SCs, the mRNA level of S100β, 

GFAP, and P75 was markedly increased (Fig. 1G), and their 

protein levels were also boosted with the ICA II treatment 

(Fig. 1H). A higher concentration of ICA II showed more 

remarkable stimulation effects on the proliferation and dif-

ferentiation of ADSCs to SCs. 

 

ICA II promoted the differentiation of ADSCs to SCs 
through the inhibition of miR-34a 
After treatment with ICA II (10

-5
 mol/L) for 48 h and induced 
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Fig. 1. ICA II promoted ADSCs’ proliferation and differentiation into SCs. (A) ADSCs were treated with ICA II with a concentration of 10

-9
-

10
-5 

mol/L and cell proliferation was determined through a CCK-8 assay at 48 h (D2) and 96 h (D4), respectively. *P < 0.05 vs. control. 

(B, C) After treatment with ICA II for 72 h, the morphology of ADSCs and the SCs differentiated from the ADSCs were obtained using a 

microscope (400×). (D, E) The expression of S100β and GFAP in the Schwann cells differentiated from the ADSCs was also confirmed by 

using the immunofluorescence staining method. (F) The percentage of S100β+
GFAP

+
 cells was clearly elevated by ICA II in the process of 

differentiation from ADSCs to Schwann cells. (G) The mRNA levels of S100β, GFAP, and P75 in the ADSCs were quantified using qRT-

PCR. *P < 0.05 vs. control. (H) The expression of S100β, GFAP, and P75 proteins was analyzed through Western blot. 
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Fig. 2. ICA II promoted the differentiation of ADSCs to SCs through the inhibition of miR-34a. (A) The miR-34a level was determined us-

ing qRT-PCR. *P < 0.05 vs. control. (B) The miR-34a level was determined using qRT-PCR. *P < 0.05 vs. pre-NC. *P < 0.05 vs. NC. (C) 

The expression levels of S100β, GFAP, and P75 mRNA and protein were analyzed through qRT-PCR and western blot, respectively. *P < 

0.05 vs. pre-NC. *P < 0.05 vs. NC. (D) The expression levels of S100β, GFAP and P75 mRNA and protein were analyzed through qRT-

PCR and Western blot, respectively. *P < 0.05 vs. control. 
#
 P < 0.05 vs. ICA II+pre-NC. 
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SC differentiation, the expression of miR-34a in the ADSCs 

declined (Fig. 2A). With the miR-34a mimic transfected, the 

miR-34a level was up-regulated in the ADSCs, which was 

reversed through miR-34a inhibitor transfection (Fig. 2B). 

The up-regulation of miR-34a suppressed the expression of 

the mRNAs and proteins of S100β, GFAP, and P75, while 

the down-regulation of miR-34a reversed this situation (Fig. 

2C). The miR-34a mimic reversed the promoting effect of 

ICA II on the expression of the mRNAs and proteins of S100β, 

GFAP, and P75 (Fig. 2D), suggesting that the over-expressed 

miR-34a reversed the promoting effect of ICA II in the differ-

entiation of ADSCs to SCs. 

 

MiR-34a negatively regulated STAT3, and STAT3 promot-
ed the differentiation of ADSCs to SCs 
The binding sites between miR-34a and the 3’UTR of STAT3 

were analyzed using the bioinformatics method (mi-

crorna.org) (Fig. 3A). The results of the Dual-Luciferase Re-

porter Assay showed that the miR-34a mimic obviously sup-

pressed the luciferase activity of the 3’-UTR of the STAT3 

wild-type (WT), which was completely reversed by the miR-

34a inhibitor. Meanwhile, the luciferase activity of the 3’-

UTR of the STAT3 mutant (MUT) was not affected by the 

miR-34a mimic or inhibitor (Fig. 3B). The data indicated that 

miR-34a targets the 3’-UTR of STAT3. The miR-34a mimic 

decreased the expression of STAT3 mRNA and protein in 

ADSCs, while the miR-34a inhibitor did just the opposite (Fig. 

3C). The STAT3 mRNA and protein were up-regulated in the 

ADSCs treated by ICA II (Fig. 3D) and with pcDNA-STAT3 

transfection (Fig. 3E). The pcDNA-STAT3 also increased the 

expression of S100β, GFAP, and P75 mRNA and proteins 

(Fig. 3F). The si-STAT3 repressed the expression of STAT3 in 
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Fig. 3. MiR-34a negatively regulated STAT3, and STAT3 promoted the differentiation of ADSCs to SCs. (A) The binding sites between miR-

34a and STAT3 were predicted using microrna.org. (B) Luciferase activity was detected to demonstrate the interaction between miR-34a 

and STAR3. *P < 0.05 vs. pre-NC. *P < 0.05 vs. NC. (C) The expression levels of STAT3 mRNA and protein were analyzed using qRT-PCR 

and western blot, respectively. *P < 0.05 vs. pre-NC. *P < 0.05 vs. NC. (D) The expression levels of STAT3 mRNA and protein were ana-

lyzed using qRT-PCR and western blot, respectively. *P < 0.05 vs. control. (E) The expression levels of STAT3 mRNA and protein were 

analyzed using qRT-PCR and western blot, respectively. *P < 0.05 vs. pcDNA. (F) The expression levels of S100β, GFAP, P75 mRNA, and 

protein were analyzed using qRT-PCR and Western blot, respectively. *P < 0.05 vs. pcDNA. (G) The expression levels of STAT3 mRNA 

and protein were analyzed using qRT-PCR and Western blot, respectively. *P < 0.05 vs. si-NC. (H) The expression levels of S100β, GFAP, 

P75 mRNA and protein were analyzed using qRT-PCR and western blot, respectively. *P < 0.05 vs. si-NC. (I) The expression levels of 

S100β, GFAP, P75 mRNA, and protein were analyzed by qRT-PCR and Western blot, respectively. *P < 0.05 vs. control. 
#
 P < 0.05 vs. 

miR-34a inhibitor+si-NC.
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the ADSCs (Fig. 3G), and it also inhibited the expression of 

S100β, GFAP, and P75 mRNA and proteins (Fig. 3H). The si-

STAT3 reversed the promoting effect of the miR-34a inhibi-

tor on the expression of S100β, GFAP, and P75 mRNA and 

proteins (Fig. 3I), implying that si-STAT3 reversed the pro-

moting effect of the miR-34a inhibitor in the differentiation 

of ADSCs to SCs. 

 

ICA II promoted the differentiation of ADSCs to SCs 
through the miR-34a/STAT3 pathway 
The ADSCs were placed into 4 groups: control; ICA II+pre-

NC+pcDNA (transfected with pre-NC and pcDNA, and treat-

ed with ICA II); ICA II+miR-34a mimic+pcDNA (transfected 

with the miR-34a mimic and pcDNA, and treated with ICA 

II); and ICA II+miR-34a mimic+pcDNA-STAT3 (transfected 

with the miR-34a mimic and pcDNA-STAT3, and treated 

with ICA II). The expression of mRNA and proteins of S100β, 

GFAP, and P75 were observed. It was suggested that the 

positive regulation of ICA II on ADSC differentiation was 

reversed by the miR-34a mimic, and was further reversed by 

pcDNA-STAT3 (Figs. 4A and 4B). It can be summarized that 

ICA II promoted the differentiation of ADSCs to SCs through 

the miR-34a/STAT3 pathway. 

 

Combination of ICA II and ADSCs preserved the erectile 
function of the BCNI model rats 
Four weeks after the ADSCs injection, the erectile function 

of adult male SD rats in six groups (n = 6 in each group) was 

assessed with an ICP value and ICP/MAP ratio, and the ex-

pression of nNOS and S100β in the penile tissue was also 

detected. It showed that both ADSCs and ICA II significantly 

increased the ICP value and ICP/MAP ratio, as did the com-

bined use of ADSCs and ICA II (Figs. 5A and 5B). The expres-

sion of nNOS and S100β in the penile tissue was obviously 

promoted by ADSC and ICA II treatment solely, and by the 

combined use of ADSCs and ICA II (Fig. 5C). These findings 

indicated that the combination of ICA II and ADSCs pre-

served the erectile function of the BCNI model rats. 
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Fig. 4. ICA II promoted the differentiation of ADSCs to SCs through the miR-34a/STAT3 pathway. (A) The expression levels of S100β, 

GFAP, and P75 mRNA were analyzed using qRT-PCR. *P < 0.05 vs. control. 
#
 P < 0.05 vs. ICA II+pre-NC+pcDNA. 

&
P<0.05 vs. ICA II+miR-

34a mimic+pcDNA. (B) The expression levels of S100β, GFAP, and P75 protein were analyzed using Western blot. 
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Fig. 5. A combination of ICA II and ADSCs preserved the erectile function of BCNI model rats. (A, B) The ICP and ICP/MAP were detected 

to evaluate the erectile function of the BCNI model rats. *P < 0.05 vs. sham. 
#
 P < 0.05 vs. PBS. (C) The expression levels of S100β, GFAP, 

and P75 protein were analyzed using Western blot. 
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Fig. 6. The influence of miR-34a on the therapeutic effect of ADSCs on erectile function preservation of BCNI model rats. (A, B) The ICP 

and ICP/MAP were detected to evaluate the erectile function of the BCNI model rats. *P < 0.05 vs. BCNI. 
#
 P < 0.05 vs. dADSC+NC. (C) 

The expression levels of S100β, GFAP, and P75 protein were analyzed using Western blot. 

 

 

 

Influence of miR-34a on the therapeutic effect of ADSCs 
on preserving erectile function in BCNI model rats 
Four weeks after the ADSCs’ (treated with ICA II) injection, 

the erectile function of the BCNI model rats in three groups 

(n = 6 in each group) was assessed with an ICP value and 

ICP/MAP ratio, and the expression of nNOS and S100β in 

the penile tissue was also determined. The ICP value and 

ICP/MAP ratio were sharply elevated by dADSC (ADSCs 

treated with ICA II), and the nNOS and S100β were also up-

regulated, while the role of dADSC was significantly reversed 

by the overexpression of miR-34a (Figs. 6A-6C). The results 

implied that erectile dysfunction in the BCNI model rats was 

evidently ameliorated by dADSC, but reversed by miR-34a 

overexpression. 

 

DISCUSSION 
 

In this study, the influence of ICA II, miR-34a and STAT3 on 

the differentiation of ADSCs to SCs was investigated, and 

their role in the preservation of erectile function was con-

firmed. It can be concluded that ICA II promotes the differ-

entiation of ADSCs to SCs through the miR-34a/STAT3 

pathway, contributing to erectile function preservation after 

a cavernous nerve injury. This is the first time that the role of 

ICA II in ADSC differentiation was demonstrated and the 

mechanism of ICA II in preserving erectile function was elu-

cidated, offering a significant theoretical basis for the utiliza-

tion of ICA II for ED treatment. The findings also provide a 

reference for the treatment of other diseases related to 

nerve injuries. 

ICA and ICA II are the active components of the traditional 

Chinese medicine herba epimedii, and are widely used in 

treating sexual dysfunction, osteoporosis, and inflammatory 

disease, showing various neuroprotective and anti-

inflammatory pharmacological activities as well as anticancer 

effects (Chen et al., 2016a). As the bioactive form of ICA, 

ICA II is effective in ameliorating ED and pathological chang-

es by facilitating endogenous SC differentiation in rats with 

BCNI (Xu et al., 2015) and attenuating the diabetes-related 

impairment of penile hemodynamics in diabetic rats (Zhou et 

al., 2012). In this study, we demonstrated that ICA II pro-

moted the differentiation of ADSCs to SCs through the inhi-

bition of miR-34a, and it was this initial study that discovered 

the positive impact of ICA II on the differentiation of ADSCs 

and revealed their inhibitory effect on miRNA expression. 

With the ICA II/miR-34a/STAT3/ADSCs/SCs pathway identi-

fied, the action mechanism of ICA II in preserving erectile 

function was clarified, providing potent proof for the clinical 

efficacy of traditional Chinese medicine at the molecular 

level.  

miRNAs play vital roles in many fundamental biological 

processes through negatively regulating gene expression; 

indeed, they have proven to be an implication in the patho-

physiological processes of ED. The miR-1, miR-200a, miR-

203, and miR-206 have been validated to be up-regulated in 

the corpus cavernosum of rats with age-related ED, and they 

may also play roles via the eNOS/NO/PKG and PGE1/PKA 

pathways (Pan et al., 2014). miR-34a demonstrated its up-

side in blocking osteoporosis by inhibiting osteoclastogenesis 

(Krzeszinski et al., 2014) and suppressing tumor growth and 

metastasis through retarding cell growth (Gao et al., 2015a; 

Han et al., 2015). In our study, miR-34a was down-

regulated by ICA II, which led to STAT3 up-regulation and 

the subsequent differentiation of ADSCs to SCs, contributing 

to preventing ED after cavernous nerve injury. miR-34a was 

first identified to be modulated by ICA II in the ED, and 

showed an adverse impact on the preservation of erectile 

function, providing a novel therapeutic target for ED treat-

ment. 

ADSCs originate from the vasculature of adipose tissue 

and share many properties with BMSCs (Chen et al., 2014) 

including morphology and multi-lineage differentiation po-

tential. ADSCs have been confirmed to have therapeutic 

potential for cardiovascular diseases, cancers, and neuro-

degenerative disorders through stem cell transplantation 

(Chan et al., 2014; Suzuki et al., 2015). They also show great 

regenerative potential and provide a realistic and therapeutic 

strategy for ED after cavernous nerve injury (Gokce et al., 
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2016). In this study, ADSCs were promoted by STAT3 to 

differentiate into SCs, which played a key role in neural re-

pair and regeneration, and were devoted to preserving erec-

tile function after cavernous nerve injury. Furthermore, the 

expression of nNOS increased with ADSC or ICA II treatment, 

which was in accordance with a previous study on the influ-

ence of ICA II on NOS (Moore and Wang, 2006; Zhou et al., 

2012), reconfirming the key role of NOS in ED progression. 

The findings in our study implied that the impact of ICA II on 

NOS levels may be achieved through ADSCs, and the com-

bined use of ICA II and ADSCs also verified this effect. 

To summarize, we demonstrated that ICA II was effective 

in preserving erectile function after cavernous nerve injury by 

promoting the differentiation of ADSCs to SCs through the 

miR-34a/STAT3 pathway. The findings of this study high-

lighted the action mechanism of ICA II and laid a foundation 

for using ICA II scientifically in treating ED. The study also 

expedited the clinical application of ADSCs for ED treatment 

and other diseases associated with nerve injury. Due to the 

complex action mechanism of ICA II in different cells (Chen 

et al., 2016a), the mechanism of how ICA II represses the 

expression of miR-34a remains unclear and deserves further 

research in the future. With more and more studies being 

performed on action mechanisms, Chinese medicines may 

become anticipated to benefit more patients with various 

diseases around the world. 
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