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Editorial 
Erectile Dysfunction (ED) has harmful effect on the quality of 

life of patients and their partners. It has been estimated that more 
than 152 million men suffered from ED all around the world in 
1995 and the number will be over 300 million in 2025 [1]. Although 
Phosphodiesterase type 5 (PDE5) inhibitors are effective for most 
patients, they are rarely valid for serious vasogenic and neurogenic 
ED caused by aging, diabetes mellitus, radical prostatectomy and so 
on [2]. Emerged in these decades, gene therapy for ED is one of new 
promising treatment options to solve the problem. 

Gene therapy is a therapeutic way to deliver nucleic acid 
polymers, either expressed as proteins, interfere with protein 
expression, or correct genetic defects, into cells to treat disease. Penis 
is an optimal organ to conduct gene therapy for many advantages. 
The easily accessible organ, slow penile blood flow and intercellular 
gap junctions make the target genes be injected directly and safely, 
transfected efficiently, locate and express persistently [3].

Current researchers have indicated that several signaling pathways, 
such as nitric oxide-cyclic guanosine monophosphate signaling (NO/
cGMP) pathway, cyclic adenosine monophosphate pathway, RhoA/
ROCK pathway, might mediate penile erection and be involved in 
the pathogenesis of ED induced by aging, diabetes, cavernous nerve 
injury, hypertension, hypercholesteremia, etc. In addition to the 
target genes, the transfection ways are vital to curative effect of gene 
therapy, which affect their transfection efficiency and safety. For 
decades, researchers have used multiple approaches in basic studies 
and attempted to find optimal method to deliver interested genes into 
penis. Herein, we review current gene delivery methods regarding 
gene therapy for ED, including naked genes delivery, using virus or 
stem cells vectors, noncoding RNAs regulation, genome changes, and 
utilizing special transfection systems.

Naked Genes
Naked genes delivery has the advantage of safety due to its lack 

of chromosomal integration. In 1997, Garban et al., firstly used 
plasmid to transfer exogenous inducible Nitric Oxide Synthase 
(iNOS) cDNA into corpus cavernosum of aged rats, which increased 
the intracavernous pressure after cavernous nerve electro stimulation 
for at least 10 days [4]. Another study showed that the transfer of 
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vasoactive intestinal peptide cDNA was capable of altering the 
erectile response in diabetic rats [5]. However, the defect of naked 
genes is easy to breakdown by endonucleases that make it effective 
for a short time. 

Virus
Viral vectors, including lentivirus, adenovirus, Herpes Simplex 

Virus (HSV) and Adeno-Associated Virus (AAV), are widely used 
in ED gene therapy because of their high efficiency of transfection. 
Numerous studies have demonstrated their advantages as vectors 
to transfer target genes into penis. For example, Lin H, et al., used 
recombinant adenovirus to carry COX2-10aa-PGIS gene to the penis 
of cavernous nerve injury rats and proved its capacity to improve 
erectile function [6]. Another research showed that HSV-mediated 
delivery of NTN was a viable approach for the improvement of ED 
resulting from cavernous nerve injury [7]. However, they still have 
the potentials of mutagenesis, carcinogenesis and induction of 
immune response, which becomes an important reason to restrict 
their clinical application.

Genetically modified stem cells
Stem cells, including Embryonic Stem Cells (ESCs) and Adult 

Stem Cells (ASCs), have the capacity of self-renewal and directed 
differentiation. Genetically modified stem cells, especially the ASCs 
such as Adipose Derived Stem Cells (ADSCs), Muscle Derived Stem 
Cells (MDSCs) and Urine derived Stem Cells (USCs), are novel 
vehicles to transfer target genes in ED gene therapy. Ouyang B et al., 
reported that USCs modified with Fibroblast Growth Factor 2 (FGF2) 
could improve the erectile function of type2 diabetic rats [8]. Another 
study showed that ADSCs expressing Vascular Endothelial Growth 
Factor (VEGF) gene restored erectile function in diabetic rats [9]. Our 
research group transferred either iNOS gene or PDE5 siRNA or both 
of them to autologous ADSCs followed by injecting them to penis and 
evaluating their effect on erectile function of streptozotocin induced 
diabetic rats. The data showed that all of the methods mentioned 
above could significantly improve erectile response of the rat model, 
but the efficacy of both genes modified way failed to have an advantage 
over that of treatment with single gene modified ADSCs. Genetically 
modified autologous stem cells are promising choice as gene vectors, 
not only due to the erection improvement capacity of target genes, but 
also the low immunogenicity and potential mechanism of peregrine 
or differentiation to penile tissue cells from autologous stem cells. 
However, the safety of application of stem cells, especially the risk of 
carcinogenesis, remains to be investigated.

Noncoding RNAs
Noncoding RNAs, such as small interfering RNA (siRNA), small 

activating RNA (saRNA), short hairpin RNA (shRNA), micro RNA 
(miRNA) and long noncoding RNA (lncRNA) are regulators of genes 
expression and can affect a diverse range of important biological 
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processes. The application of noncoding RNAs was widely involved 
in studies on ED gene therapy. Our group successfully used a saRNA 
with the capacity to activate VEGF to induce endogenous VEGF 
expression in primary human corpus cavernous smooth muscle cells 
in vitro [10]. The results of another study from our group showed 
that saRNA mediated iNOS over expression in the penis could restore 
erectile function in diabetic rats via the NO/cGMP signaling [11]. 
siRNA is an approach to inhibit endogenous gene expression. The gene 
therapy with siRNA-targeting ROCK2 mRNA significantly improved 
erectile function by inhibiting ROCK2 pathway in the spontaneously 
hypertensive rats [12]. Although miRNA and lncRNA related studies 
are still in the initial stage in the field of ED, Pan F et al., [13] and 
our team have detected the genome-wide profiling of miRNA and 
lncRNA expression patterns in corpus cavernosum of age or diabetes 
related ED models, respectively. The aberrantly expressed miRNAs 
and lncRNAs could provide novel insight into the pathogenesis and 
gene therapeutic targets of ED. However, noncoding RNAs may be 
hard to have persistent effect due to their quick metabolism.

Genome Changes
Genome changes, generally including permanent gene integration 

into or knockout from the genome, are important methods to 
identify gene function and long-term safety in vivo. So far, however, 
this approach has rarely been used in ED gene therapy. A study 
demonstrated that inhibition of the Ninjurin 1 pathway by using 
Ninj1-knockout mice could safely restore erectile function in diabetic 
mice [14]. Our research group is conducting a study to evaluate the 
effect of human tissue kallikrein 1 gene on ED with transgenic rats 
harboring this target gene. The production process of the transgenic 
rats could be briefly described as microinjecting a 5.6 kb DNA 
fragment containing the entire hKLK1 gene into the oocytes from 
Sprague-Dawley rats under the control of the heavy metal responsive 
mouse metallothionein promoter. The rats were born to contain the 
target gene and we proved its preventive effect on age-related ED. 
Our another research was to study the involvement of JAK2-STAT3 
pathway in diabetic mice using JAK2-conditional knockout mice, 
which can block the expression of JAK2 gene in specific time and 
specific tissues. Conditional gene knockout is a novel technique for 
researchers to control specific gene expression in animal models at 
arbitrary time and space, which is a giant forward in the gene therapy 
field. The efficiency and long-term safety of this method are in the 
assessment.

Special transfection systems
In order to enhance the efficiency of transfection, some new 

biomaterials and physical methods are being used in gene therapy. 
For instance, a guanidinylated bioreducible polymer has been 
demonstrated as an efficient and safe gene carrier to the corpus 
cavernosum of mice with vasculogenic ED [15]. Another study using 
Water-Soluble Lipopolymer (WSLP) as a vector to corpus cavernosum 
showed that the WSLP/pDNA complex had higher transfection 
efficiency than naked pDNA [16]. Besides, eight 40-ms pulses at a 
voltage of 30 V as specific parameter of surface electroporation was 
found to enhance the efficiency of gene transfer into mouse corpus 
cavernosum by increasing cell membrane permeability without 
injury to the penis [17].

In conclusion, gene therapy creates a new era for the treatment of 

ED. Although all gene regulation methods hold both sides in ED gene 
therapy, most of these gene-based strategies show preclinical success. 
Melman A et al., have finished a phase 1 clinical trial using hMaxi-K 
to treat ED and showed that the improved erectile response could 
last for more than 6 months without adverse events [18]. A phase 2 
clinical trial of this study is in progress. This brings us confidence in 
the further development of gene therapy. But we should realize that 
gene therapy is now in its infancy and we need to find more efficient 
and safer approaches to optimize it.

Acknowledgement
This work was supported by a grant from National Natural 

Science Foundation of China (81270690/HO415).

References
1. Ayta IA, McKinlay JB, Krane RJ. The likely worldwide increase in erectile 

dysfunction between 1995 and 2025 and some possible policy consequences. 
BJU Int. 1999; 84: 50-56.

2. Yoshimura N, Kato R, Chancellor MB, Nelson JB, Glorioso JC. Gene therapy 
as future treatment of erectile dysfunction. Expert Opin Biol Ther. 2010; 10: 
1305-1314.

3. Kendirci M, Teloken PE, Champion HC, Hellstrom WJ, Bivalacqua TJ. Gene 
therapy for erectile dysfunction: fact or fiction? Eur Urol. 2006; 50: 1208-1222.

4. Garban H, Marquez D, Magee T, Moody J, Rajavashisth T, Rodríguez JA, et 
al. Cloning of rat and human inducible penile nitric oxide synthase. Application 
for gene therapy of erectile dysfunction. Biol Reprod. 1997; 56: 954-963.

5. Shen ZJ, Wang H, Lu YL, Zhou XL, Chen SW, Chen ZD. Gene transfer of 
vasoactive intestinal polypeptide into the penis improves erectile response in 
the diabetic rat. BJU Int. 2005; 95: 890-894.

6. Lin H, Yuan J, Ruan KH, Yang W, Zhang J, Dai Y, et al. COX-2-10aa-PGIS 
gene therapy improves erectile function in rats after cavernous nerve injury. J 
Sex Med. 2013; 10: 1476-1487.

7. Kato R, Wolfe D, Coyle CH, Wechuck JB, Tyagi P, Tsukamoto T, et al. 
Herpes simplex virus vector-mediated delivery of neurturin rescues erectile 
dysfunction of cavernous nerve injury. Gene Ther. 2009; 16: 26-33.

8. Ouyang B, Sun X, Han D, Chen S, Yao B, Gao Y, et al. Human urine-derived 
stem cells alone or genetically-modified with FGF2 Improve type 2 diabetic 
erectile dysfunction in a rat model. PLoS One. 2014; 9: e92825.

9. Liu G, Sun X, Bian J, Wu R, Guan X, Ouyang B, et al. Correction of diabetic 
erectile dysfunction with adipose derived stem cells modified with the vascular 
endothelial growth factor gene in a rodent diabetic model. PLoS One. 2013; 
8: e72790.

10. Chen R, Wang T, Rao K, Yang J, Zhang S, Wang S, et al. Up-regulation of 
VEGF by small activator RNA in human corpus cavernosum smooth muscle 
cells. J Sex Med. 2011; 8: 2773-2780.

11. Wang T, Li M, Yuan H, Zhan Y, Xu H, Wang S, et al. saRNA guided iNOS 
up-regulation improves erectile function of diabetic rats. J Urol. 2013; 190: 
790-798.

12. Zhu X, Lin H, Jiang R, Wang R, Jiang J, Peng Q, et al. Improving erectile 
function of spontaneously hypertensive rats by silencing ROCK2. Urology. 
2014; 84: 983.

13. Pan F, Xu J, Zhang Q, Qiu X, Yu W, Xia J, Chen T. Identification and 
characterization of the MicroRNA profile in aging rats with erectile dysfunction. 
J Sex Med. 2014; 11: 1646-1656.

14. Yin GN, Choi MJ, Kim WJ, Kwon MH, Song KM, Park JM, et al. Inhibition of 
Ninjurin 1 restores erectile function through dual angiogenic and neurotrophic 
effects in the diabetic mouse. Proc Natl Acad Sci U S A. 2014; 111: E2731-
2740.

15. Ryu JK, Choi MJ, Kim TI, Jin HR, Kwon KD, Batbold D, et al. A guanidinylated 
bioreducible polymer as a novel gene carrier to the corpus cavernosum of 

http://www.ncbi.nlm.nih.gov/pubmed/10444124
http://www.ncbi.nlm.nih.gov/pubmed/10444124
http://www.ncbi.nlm.nih.gov/pubmed/10444124
http://www.ncbi.nlm.nih.gov/pubmed/20662742
http://www.ncbi.nlm.nih.gov/pubmed/20662742
http://www.ncbi.nlm.nih.gov/pubmed/20662742
http://www.ncbi.nlm.nih.gov/pubmed/16950560
http://www.ncbi.nlm.nih.gov/pubmed/16950560
http://www.ncbi.nlm.nih.gov/pubmed/9096878
http://www.ncbi.nlm.nih.gov/pubmed/9096878
http://www.ncbi.nlm.nih.gov/pubmed/9096878
http://www.ncbi.nlm.nih.gov/pubmed/15794804
http://www.ncbi.nlm.nih.gov/pubmed/15794804
http://www.ncbi.nlm.nih.gov/pubmed/15794804
http://www.ncbi.nlm.nih.gov/pubmed/23551902
http://www.ncbi.nlm.nih.gov/pubmed/23551902
http://www.ncbi.nlm.nih.gov/pubmed/23551902
http://www.ncbi.nlm.nih.gov/pubmed/18668142
http://www.ncbi.nlm.nih.gov/pubmed/18668142
http://www.ncbi.nlm.nih.gov/pubmed/18668142
http://www.ncbi.nlm.nih.gov/pubmed/24663037
http://www.ncbi.nlm.nih.gov/pubmed/24663037
http://www.ncbi.nlm.nih.gov/pubmed/24663037
http://www.ncbi.nlm.nih.gov/pubmed/24023647
http://www.ncbi.nlm.nih.gov/pubmed/24023647
http://www.ncbi.nlm.nih.gov/pubmed/24023647
http://www.ncbi.nlm.nih.gov/pubmed/24023647
http://www.ncbi.nlm.nih.gov/pubmed/21819543
http://www.ncbi.nlm.nih.gov/pubmed/21819543
http://www.ncbi.nlm.nih.gov/pubmed/21819543
http://www.ncbi.nlm.nih.gov/pubmed/23523927
http://www.ncbi.nlm.nih.gov/pubmed/23523927
http://www.ncbi.nlm.nih.gov/pubmed/23523927
http://www.ncbi.nlm.nih.gov/pubmed/25260465
http://www.ncbi.nlm.nih.gov/pubmed/25260465
http://www.ncbi.nlm.nih.gov/pubmed/25260465
http://www.ncbi.nlm.nih.gov/pubmed/24628851
http://www.ncbi.nlm.nih.gov/pubmed/24628851
http://www.ncbi.nlm.nih.gov/pubmed/24628851
http://www.ncbi.nlm.nih.gov/pubmed/24979788
http://www.ncbi.nlm.nih.gov/pubmed/24979788
http://www.ncbi.nlm.nih.gov/pubmed/24979788
http://www.ncbi.nlm.nih.gov/pubmed/24979788
http://www.ncbi.nlm.nih.gov/pubmed/23316017
http://www.ncbi.nlm.nih.gov/pubmed/23316017


Austin J Urol 3(1): id1036 (2016)  - Page - 03

Liu J Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

mice with high-cholesterol diet-induced erectile dysfunction. Andrology. 2013; 
1: 216-222.

16. Lee M, Ryu JK, Oh SM, Lee E, Shin HY, Song SU, et al. Water-soluble 
lipopolymer as a gene carrier to corpus cavernosum. Int J Impot Res. 2005; 
17: 326-334.

17. Song KM, Choi MJ, Kwon MH, Ghatak K, Park SH, Ryu DS, et al. Optimizing 

in vivo gene transfer into mouse corpus cavernosum by use of surface 
electroporation. Korean J Urol. 2015; 56: 197-204.

18. Melman A, Bar-Chama N, McCullough A, Davies K, Christ G. hMaxi-K gene 
transfer in males with erectile dysfunction: results of the first human trial. Hum 
Gene Ther. 2006; 17: 1165-1176.

Citation: Liu J, Luan Y and Hao Li. Gene Therapy and Current Gene Delivery Methods for Erectile Dysfunction. 
Austin J Urol. 2016; 3(1): 1036.

Austin J Urol - Volume 3 Issue 1 - 2016
ISSN: 2472-3606 | www.austinpublishinggroup.com 
Liu et al. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/23316017
http://www.ncbi.nlm.nih.gov/pubmed/23316017
http://www.ncbi.nlm.nih.gov/pubmed/15800653
http://www.ncbi.nlm.nih.gov/pubmed/15800653
http://www.ncbi.nlm.nih.gov/pubmed/15800653
http://www.ncbi.nlm.nih.gov/pubmed/25763123
http://www.ncbi.nlm.nih.gov/pubmed/25763123
http://www.ncbi.nlm.nih.gov/pubmed/25763123
http://www.ncbi.nlm.nih.gov/pubmed/17134370
http://www.ncbi.nlm.nih.gov/pubmed/17134370
http://www.ncbi.nlm.nih.gov/pubmed/17134370

	Title
	Editorial
	Naked Genes
	Virus
	Genetically modified stem cells

	Noncoding RNAs
	Genome Changes
	Special transfection systems

	Acknowledgement
	References

