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Urology, the surgical specialty addressing the diagnosis and treatment of the urinary tract in 

women and the reproductive and urinary tracts in men, has a strong history of successfully 

adopting innovative techniques in advance of other clinical specialties [1]. For example, 

urology initiated clinical use of the first circulating tumor marker, systemic hormone-based 

therapy of cancer, and robotic-assisted minimally invasive surgery [2]. Urologists continue 

to be innovators, having recently adopted innovations in minimally invasive surgery and by 

conducting clinical and laboratory-based research to develop novel devices, therapies, and 

diagnostic techniques.

Current urological treatments are varied and include active surveillance, pharmacological 

therapies, device and prosthetic implants, and ambulatory as well as major surgery, including 

reconstruction of the genitourinary system after trauma or disease. In addition to cancer, 

urologists often treat urological complications of aging or systemic disease or injuries, 

involving repair or restoration of components of genitourinary organs and their innervation 

and vascularization. These urologic conditions, as well as the innovative nature of this 

surgical specialty, position urology for clinical application of regenerative medicine and 

tissue engineering techniques in the very near future; an opinion recently embraced in an 
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important viewpoint article in Nature Reviews Urology [1]. Therefore, urologic applications 

serve well as examples of the capabilities of regenerative medicine and tissue engineering 

for a broad variety of clinical applications.

Regenerative medicine addresses the process of replacing, engineering, or regenerating 

human cells, tissues, or organs to restore or establish normal function, by treatment with 

either autologous or allogenic stem or stromal cells [3]. Tissue engineering extends 

regenerative medicine to research growth of organs and tissues ex vivo in the laboratory 

followed by safe implantation in vivo for applications when the body cannot heal itself, even 

with regenerative medicine techniques. The utilization of different types of stem or stromal 

cells with diverse capabilities and capacities could offer effective therapeutic options to 

patients with a variety of benign urologic disorders, including lower urinary tract 

dysfunction, urinary incontinence, neurogenic bladder, and erectile dysfunction, as well as 

urethral and bladder trauma. With aging of the population and the dominance of diseases 

and disorders of the elderly in urology, novel therapies, once adopted clinically, have great 

potential to influence care in other clinical specialties as well [4].

No cell-based therapy is currently in clinical practice in urology, although a number of 

clinical trials have been completed or ongoing in the field [5]. Therefore, the goal of this 

special issue of Advanced Drug Delivery Reviews is to draw together the expertise of 

researchers in bioengineering, biomaterials, stem cells, gene therapy, and cell and matrix 

biology, as well as clinicians, who provide a urological roadmap for future progress. In 

aggregate, these papers create a body of work that comprehensively and systematically 

highlights innovations in the field and sets the standard for future research and clinical care. 

As a result, the collection of outstanding papers in this special double issue of Advanced 
Drug Delivery Reviews encompasses the current state of the art of research on urological 

applications of regenerative medicine and tissue engineering and outlines the directions of 

future work. To date, there have not been any urologic journal issues that have discussed this 

topic with such a wide overview.

Since a primary mechanism of action of stem cell therapy is via paracrine, autocrine, and 

endocrine secretions [6], regenerative medicine and tissue engineering could be considered 

as modern methods of drug and gene therapy, which have great potential as applied to 

urologic conditions as illustrated in Figure 1. Tran and Damaser reviewed this literature and 

suggest mechanisms for application of stem cells as modern drug delivery therapies for 

urological conditions [7]. In addition, gene therapy can be used to manipulate the secretions 

of stem cells to provide improved therapeutic outcomes, as reviewed by Li et al. [8], 

suggesting that stem cells can be manipulated prior to transplantation to provide 

personalized cells for personalized medicine.

Urologic reconstruction and other surgeries often involve implantation of prostheses, such as 

grafts or mesh, which could potentially be utilized as modern cell or drug delivery systems 

to improve outcomes as discussed by Hakim et al., using the example of treating stress 

urinary incontinence [9]. The strength of this special double issue is the comprehensiveness 

with which this important area of research is addressed. Van Ba and colleagues provide an 

overview of this field with their paper entitled Bladder tissue engineering: A literature 
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review [10]. Ribeiro-Filho and Sievert systematically summarizes the potential utility of 

Acellular matrix in urethral reconstruction [11], while Lin and colleagues comprehensively 

review Biomatrices for bladder reconstruction [12].

Important and relevant areas of research in this field are given particular focus by Vaegler et 

al. in their paper, Tissue engineering in urothelium regeneration [13] and by Osman et al. 

with Tissue-engineered buccal mucosa for urethroplasty: Progress and future directions [14]. 

The interaction between scaffolds, cells, and drug delivery are ably reviewed in the papers 

by Mauney and colleagues [15] and Sharma and colleagues [16], again suggesting the 

opportunities for personalized therapies based on an individual patient’s need (outlined in 

Figure 1).

With ongoing emphasis on improving surgical outcomes, there is great clinical demand to 

develop advanced reconstructive techniques with improved postsurgical wound healing. In 

the chapter entitled Wound healing in Urology [17], Ninan and colleagues summarize the 

current status of wound healing and ongoing experimental research with cell and other 

therapies to improve outcomes. Hakim and colleagues take an alternate approach and 

suggest that one successful urologic surgery could be further improved with incorporation of 

cell-based therapy in their chapter entitled, Sling surgery for urinary incontinence and the 
application of cell-based therapy [9]. As in all medical fields, accurate and relevant animal 

models are essential for success of development and testing of novel therapies. The paper by 

Herrera-Imbrodaa and colleagues [18] provides a background from which judgments can be 

made regarding appropriate choices of animal models for different investigative paradigms.

Urologists treat localized disease, defects, or disorders that occur as a result of local injury 

or disease or as complications of systemic diseases such as heart disease, spinal cord injury, 

or diabetes. Such conditions need local delivery of treatments, but they may also need a 

more systemic approach and support. Andersson summarizes the current status of 

investigation of treatments aimed at restoring bladder function in his paper entitled Potential 
of stem cell treatment in detrusor dysfunction [19], while Klein and colleagues focus on 

restoration of urethral function in Mesenchymal stromal cells for sphincter regeneration 
[20]. Alwaal and colleagues review current testing of Stem cell treatment of erectile 
dysfunction [21] and Sadri-Ardekani et al. review current knowledge regarding Regenerative 
medicine for the treatment of reproductive system disorders: Current and potential options 
[22]. The urological complications of spinal cord injury, which are of great importance to 

patients and increase costs to the healthcare system, are considered by Cruz and colleagues 

in the paper entitled Biomarkers in spinal cord injury and ensuing bladder dysfunction [23].

Many urologic conditions involve neuromuscular systems, including the somatic system, as 

well as the sympathetic and parasympathetic autonomic systems, repair of which could be 

specifically addressed by tissue engineering and regenerative medicine techniques. Current 

treatment options are limited, urologic diseases are mostly localized, a large population is 

affected, and the demand for improved treatments is rising. To address this aspect of 

application of regenerative medicine to urology, Faroni and colleagues review the literature 

on methods of nerve regeneration, experimental strategies and future perspectives [24] while 
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Handschin and colleagues provide a state of the art assessment of External physical and 
biochemical stimulation to enhance skeletal muscle bioengineering [25].

Regenerative medicine and tissue engineering have ushered in new methodologies to 

overcome current clinical shortcomings. These approaches hold much promise, but practical 

results and treatments available to patients have been slow to materialize, despite the 

publication of what might appear to be miracle cures, partly due to the difficulty of 

regulating this new paradigm for therapy which is neither a simple drug nor a device. Much 

work still needs to be done to move innovation from the laboratory bench to the patient’s 

bedside, including proof of concept in multiple animal models prior to initiating a clinical 

study. Existing ethical guidelines and regulations need to be carefully followed to progress 

from laboratory testing to clinical testing and from clinical trials to clinical practice. These 

important aspects of innovation development are reviewed by Beriain in his paper entitled 

The ethics of stem cells revisited [26], Ram-Liebig and colleagues in their paper entitled 

Regulatory challenges for autologous tissue-engineered products on their way from bench to 
bedside in Europe [27], and Knoepfler in his paper entitled From bench to FDA to bedside: 
US regulatory trends for new stem cell therapies [28].

This special double issue of Advanced Drug Delivery Reviews provides a comprehensive 

review of the current state of regenerative medicine and tissue engineering research in 

Urology. In so doing it is the first such effort, marking a signal moment in the state of 

research of the field as we prepare to advance clinical trials to clinical practice. The editors 

would like to thank all of the authors for their efforts to be both timely and thorough in their 

reviews. Due to the enormous response of the authors, we were able to accumulate 22 state-

of-the-art reviews. We are grateful to those colleagues who reviewed the papers, greatly 

improving the quality of the papers and producing an exceptional collection of topical 

reviews. The editors would also like to thank P. A. Toomey, who assisted in the project 

management and without whose help this issue would never have come to completion. 

Lastly, the editors would like to thank the Advanced Drug Delivery Reviews journal, its 

editorial board and staff, as well as the publisher for their support of this special issue to 

ensure these 22 papers appropriately provided a comprehensive overview of the field.
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Fig. 1. 
Bench to bed of tissue engineering: Clinical opportunities and hurdles.
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