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ABSTRACT: The most common congenital abnormalities involve
the genitourinary system. These include hypospadias, in which the
urethral opening develops in an improper position, and bladder
exstrophy, in which the bladder develops on the outer surface of the
abdomen. Children with these conditions will require immediate and
multiple reconstructive surgeries. Currently, reconstruction may be
performed with native nonurologic tissues (skin, gastrointestinal
segments, or mucosa), homologous tissues from a donor (cadaver or
living donor kidney), heterologous tissues or substances (bovine
collagen), or artificial materials (silicone, polyurethane, teflon). How-
ever, these materials often lead to complications after reconstruction,
either because the implanted tissue is rejected, or because inherently
different functional parameters cause a mismatch in the system. For
example, replacement of bladder tissue with gastrointestinal seg-
ments can be problematic due to the opposite ways in which these
two tissues handle solutes—urologic tissue normally excretes mate-
rial, and gastrointestinal tissue generally absorbs the same materials.
This mismatched state can lead to metabolic complications as well as
infection and other issues. The replacement of lost or deficient
urologic tissues with functionally equivalent ones would improve the
outcome of reconstructive surgery in the genitourinary system. This
goal may soon be attainable with the use of tissue engineering
techniques. (Pediatr Res 63: 569–575, 2008)

TISSUE ENGINEERING STRATEGIES FOR
UROGENITAL REPAIR

Tissue engineering uses the principles of cell transplanta-
tion, materials science, and biomedical engineering to

develop biologic substitutes that can restore and maintain
normal function of damaged or lost tissues and organs. It can
involve injection of functional cells into a nonfunctional site
to stimulate regeneration, or it may involve the use of natural
or synthetic matrices, often termed scaffolds, which encourage
the body’s natural ability to repair itself and assist in deter-
mination of the orientation and direction of new tissue growth.
Often, tissue engineering uses a combination of both of these
techniques. For example, matrices seeded with cells can be
implanted into the body to encourage the growth or regener-
ation of functional tissue.

The Use of Cells in Urogenital Tissue Engineering
Applications

Often, when cells are used for tissue engineering, donor
tissue is removed and dissociated into individual cells, which
are implanted directly into the host or expanded in culture,
attached to a support matrix, and then implanted. The im-
planted tissue can be heterologous, allogeneic, or autologous.
Ideally, this approach allows lost tissue function to be restored
or replaced in toto with limited complications (1–6).

Autologous cells are the ideal choice, as their use circum-
vents many of the inflammatory and rejection issues associ-
ated with a nonself donor. However, a major concern has been
that, in cases where cells must be expanded from a particular
organ, there may not be enough normal cells present in the
diseased organ to begin the process. Recent research suggests
that this may not be the case, however. For example, one study
has shown that cultured neuropathic bladder smooth muscle
cells possess and maintain different characteristics than nor-
mal smooth muscle cells in vitro, as demonstrated by growth
assays, contractility and adherence tests in vitro (7). Despite
these differences, when neuropathic smooth muscle cells were
cultured in vitro, and then seeded onto matrices and implanted
in vivo, the tissue engineered constructs showed the same
properties as the constructs engineered with normal cells (8).
It is now known that genetically normal progenitor cells,
which are the reservoirs for new cell formation, are present
even in diseased tissue. These normal progenitors are pro-
grammed to give rise to normal tissue, regardless of whether
they reside in a normal or diseased environment. Therefore,
the stem cell niche and its role in normal tissue regeneration
remains a fertile area of ongoing investigation.
Stem cells. Most current strategies for tissue engineering

depend upon a sample of autologous cells from the diseased
organ of the host. In some instances, primary autologous
human cells cannot be expanded from a particular organ, such
as the pancreas. In these situations, pluripotent human stem
cells are envisioned to be an ideal source of cells, as they can
differentiate into nearly any replacement tissue in the body.
Embryonic stem cells exhibit two remarkable properties:

the ability to proliferate in an undifferentiated, but still pluri-
potent state (self-renewal), and the ability to differentiate into
a large number of specialized cell types (9). They can be
isolated from the inner cell mass of the embryo during the
blastocyst stage, which occurs 5 days postfertilization. TheseReceived November 15, 2007; accepted November 29, 2007.
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cells have been maintained in the undifferentiated state for at
least 80 passages when grown using current published proto-
cols (10). In addition, many protocols for differentiation into
specific cell types in culture have been published. However,
many uses of these cells are currently banned in the United
States due to the ethical dilemmas that are associated with the
manipulation of embryos in culture.
Adult stem cells have the advantage of avoiding some of the

ethical issues associated with embryonic cells, and, unlike
embryonic cells, they do not transdifferentiate into a malignant
phenotype, so there is a diminished risk of teratoma formation
should the cells be implanted in vivo. However, adult stem
cells are limited for clinical use because expansion to the large
quantities needed for tissue engineering is difficult.
Fetal stem cells derived from amniotic fluid and placentas

have recently been described and represent a novel source of
stem cells (11,12). The cells express markers consistent with
human embryonic stem cells, such as octamer-4 and stage-
specific embryonic antigen-4, but they do not form teratomas.
The cells are multipotent and are able to differentiate into cells
from all three germ layers. In addition, the cells have a high
replicative potential and could be stored for future use, with-
out the risks of rejection and without ethical concerns.
Further, the process of therapeutic cloning can be used to

generate stem cell lines. In this process, embryos are created
by inserting the nuclear material of a donor somatic cell into
an enucleated oocyte, and the resulting blastocyst is explanted
in culture. The inner cell mass of these embryos contains
embryonic stem cells that are genetically identical to the
source. These stem cells are autologous to the donor, and they
have the potential to become almost any type of cell in the
adult body. Stem cells derived from therapeutic cloning ap-
plications would be useful in tissue and organ replacement
applications (13). A particularly useful application for these
cells would be in the treatment of end-stage kidney disease,
for which there is limited availability of immunocompatible
tissue transplants.

Biomaterials for Genitourinary Tissue Construction

Biomaterials in genitourinary tissue engineering function as
an artificial extracellular matrix (ECM) and are used to replace
biologic and mechanical functions of native ECM found in
tissues in the body. Biomaterials facilitate the localization and
delivery of cells, or bioactive factors (e.g., cell adhesion
peptides, growth factors), to desired sites in the body, as well
as define a three-dimensional space for the formation of new
tissues with appropriate structure. They also serve as a guide
for the development of new tissues with appropriate function
(14,15). Direct injection of cell suspensions without such
matrices has been used in some cases, but without this scaffold
function, it is difficult to control the localization of trans-
planted cells (16,17).
The ideal biomaterial should be biocompatible, promote

cellular interaction and tissue development, and possess the
proper mechanical and physical properties found in the tissue
to be generated. Generally, three classes of biomaterials have
been used for the engineering of genitourinary tissues: natu-

rally derived materials, such as collagen and alginate, acellular
tissue matrices, such as bladder submucosa and small-
intestinal submucosa (SIS), and synthetic polymers, such as
polyglycolic acid (PGA), polylactic acid, and poly(lactic-co-
glycolic acid). Although synthetic polymers can be produced
reproducibly on a large scale with controlled properties of
strength, degradation rate, and microstructure, naturally
derived materials and acellular tissue matrices have the
potential advantage of biologic recognition, which can lessen
host versus graft reactions.

TISSUE ENGINEERING OF SPECIFIC UROLOGIC
AND GENITAL STRUCTURES

Urethra

Various strategies have been proposed over the years for the
regeneration of urethral tissue. Woven meshes of PGA
(Dexon) have been used to reconstruct urethras in dogs (18).
Also, PGA has been used as a cell transplantation vehicle to
engineer tubular urothelium in vivo (1). SIS without cells was
used as an onlay patch graft for urethroplasty in rabbits (19).
Finally, a homologous graft of acellular urethral matrix was
also used in a rabbit model (20).
Bladder-derived acellular collagen matrix has proven to be

a suitable graft for repair of urethral defects in rabbits. In the
rabbit model, the neourethras created with these matrices
demonstrated a normal urothelial luminal lining and organized
muscle bundles shortly after repair (19,20). These results were
confirmed clinically in a series of patients with a history of
failed hypospadias reconstruction, wherein the urethral defects
were repaired with human bladder acellular collagen matrices
(Fig. 1) (21,22). One of the advantages of this material over
nongenital tissue grafts currently used for urethroplasty (e.g.,
buccal mucosa) is that the material is “off the shelf.” This
eliminates the necessity of additional surgical procedures for
graft harvesting, which may decrease operative time, as well
as the potential morbidity due to the harvest procedure.
The above techniques, using nonseeded acellular matrices,

were successfully applied experimentally and clinically for

Figure 1. Tissue-engineering of the urethra using a collagen matrix. (A)
Representative case of a patient with a bulbar stricture. (B) urethral Repair.
Strictured tissue is excised, preserving the urethral plate on the left side, and
matrix is anastomosed to the urethral plate in an onlay fashion on the right.
(C) Urethrogram 6 mo after repair. (D) Cystoscopic view of urethra before
surgery on the left side and 4 mo after repair on the right side.
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onlay urethral repairs. However, when tubularized urethral
repairs were attempted experimentally, adequate urethral tis-
sue regeneration was not achieved, and complications ensued,
such as graft contracture and stricture formation (23). Tubu-
larized collagen matrices seeded with cells have performed
better in animal studies. In a rabbit model, entire urethral
segments were resected and urethroplasties were performed
with tubularized collagen matrices either seeded with autolo-
gous cells or without cells. The tubularized collagen matrices
seeded with autologous cells formed new tissue which was
histologically similar to native urethral tissue (24). The tubu-
larized collagen matrices without cells lead to poor tissue
development, fibrosis, and stricture formation.

Bladder

Currently, gastrointestinal segments are commonly used for
bladder replacement or repair. However, gastrointestinal tis-
sues are designed to absorb solutes that urinary tissue excretes,
and due to this difference in function, multiple complications
may ensue, such as infection, metabolic disturbances, uroli-
thiasis, perforation, increased mucus production, and malig-
nancy (25–27). Because of the problems encountered with the
use of gastrointestinal segments, numerous investigators have
attempted alternative reconstructive procedures for bladder
replacement or repair. The use of tissue expansion, seromus-
cular grafts, matrices for tissue regeneration, and tissue engi-
neering with cell transplantation have been investigated.
Tissue expansion for bladder augmentation. A system of

progressive dilation for ureters and bladders has been pro-
posed as a method of bladder augmentation but has not yet
been attempted clinically. Augmentation cystoplasty per-
formed with dilated ureteral segments in animals has resulted
in an increased bladder capacity ranging from 190% to 380%
(28,29). A system for the progressive expansion of native
bladder tissue has also been used for augmenting bladder
volumes in animals. Within 30 d after progressive dilation, the
neoreservoir volume was expanded at least 10-fold. Urody-
namic studies showed normal compliance in all animals and
microscopic examination of the expanded neoreservoir tissue
showed a normal histology. A series of immunocytochemical
studies demonstrated that the dilated bladder tissue maintained
normal phenotypic characteristics (29).
Seromuscular grafts and deepithelialized bowel segments.

Seromuscular grafts and deepithelialized bowel segments,
either alone or over a native urothelium, have also been
attempted (30–35). Keeping the urothelium intact avoids the
complications associated with use of bowel in continuity with
the urinary tract (31,32). An example of this strategy is the
combination of the techniques of autoaugmentation with those
of enterocystoplasty. An autoaugmentation is performed and
the diverticulum is covered with a demucosalized gastric or
intestinal segment.
Matrices for bladder regeneration. Nonseeded allogeneic

acellular matrices have served as scaffolds for the ingrowth of
host bladder wall components. The matrices are prepared by
mechanically and chemically removing all cellular compo-
nents from bladder tissue (36–39). The matrices serve as

vehicles for partial bladder regeneration, and relevant antige-
nicity is not evident. One example is SIS, a biodegradable,
acellular, xenogeneic collagen-based tissue matrix. SIS was
first used in the early 1980s as an acellular matrix for tissue
replacement in the vascular field. It has been shown to pro-
mote regeneration of a variety of host tissues, including blood
vessels and ligaments (40). Animal studies have shown that
the nonseeded SIS matrix used for bladder augmentation is
able to regenerate in vivo (41,42).

In multiple studies using various materials as nonseeded
grafts for cystoplasty, the urothelial layer was able to regen-
erate normally, but the muscle layer, although present, was not
fully developed (36–38,42). Often the grafts contracted to
60%–70% of their original size with little increase in bladder
capacity or compliance (43,44). Studies involving acellular
matrices that may provide the necessary environment to pro-
mote cell migration, growth, and differentiation are being
conducted. Recently, bladder regeneration has been shown to
be more reliable when the SIS was derived from the distal
ileum (41). With continued research in this area, these matri-
ces may have a clinical role in bladder replacement in the
future.
Bladder replacement using tissue engineering. Cell-

seeded allogeneic acellular bladder matrices have been used
for bladder augmentation in dogs. A group of experimental
dogs underwent a trigone-sparing cystectomy and were ran-
domly assigned to one of three groups. One group underwent
closure of the trigone without a reconstructive procedure,
another underwent reconstruction with a nonseeded bladder-
shaped biodegradable scaffold, and the last underwent recon-
struction using a bladder-shaped biodegradable scaffold that
was seeded with autologous urothelial and smooth muscle
cells (45).

Figure 2. Gross specimens and cystograms at 11 mo of the cystectomy-only,
nonseeded controls, and cell-seeded tissue engineered bladder replacements in
dogs. The cystectomy-only bladder had a capacity of 22% of the preoperative
value and a decrease in bladder compliance to 10% of the preoperative value.
The nonseeded controls showed significant scarring with a capacity of 46% of
the preoperative value and a decrease in bladder compliance to 42% of the
preoperative value. An average bladder capacity of 95% of the original
precystectomy volume was achieved in the cell-seeded tissue engineered
bladder replacements and the compliance showed almost no difference from
preoperative values that were measured when the native bladder was present
(106%).
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The cystectomy-only and nonseeded controls maintained
average capacities of 22% and 46% of preoperative values,
respectively. However, an average bladder capacity of 95% of
the original precystectomy volume was achieved in the cell-
seeded tissue engineered bladder replacements (Fig. 2). The
subtotal cystectomy reservoirs that were not reconstructed and
the polymer-only reconstructed bladders showed a marked
decrease in bladder compliance (10% and 42% total compli-
ance, respectively). The compliance of the cell-seeded tissue-
engineered bladders was almost no different from preoperative
values (106%). Histologically, the nonseeded scaffold blad-
ders presented a pattern of normal urothelial cells with a
thickened fibrotic submucosa and a thin layer of muscle fibers.
The retrieved tissue-engineered bladders showed a normal
cellular organization, consisting of a trilayer of urothelium,
submucosa, and muscle (45).
A clinical experience involving engineered bladder tissue

for cystoplasty reconstruction was conducted starting in 1999.
A small pilot study of seven patients was reported, using a
collagen scaffold seeded with cells either with or without
omentum coverage, or a combined PGA-collagen scaffold
seeded with cells and omental coverage (see Fig. 3). The
patients reconstructed with the engineered bladder tissue cre-
ated with the PGA-collagen cell-seeded scaffolds showed
increased compliance, decreased end-filling pressures, in-
creased capacities and longer dry periods (5). Although the
experience is promising in terms of showing that engineered
tissues can be implanted safely, it is just a start in terms of
accomplishing the goal of engineering fully functional bladders.
Further experimental and clinical work is being conducted.

Kidney

The kidney is the most challenging organ in the genitouri-
nary system to reconstruct because of its extremely complex
structure and function. Concepts for a bioartificial kidney are
currently being explored. Some investigators are pursuing the
replacement of isolated kidney function parameters using extra-
corporeal units, whereas others are aiming to replace total renal
function with tissue-engineered bioartificial renal structures.
Ex vivo functioning renal units. Dialysis is currently the

most common form of renal replacement therapy. However,
the relatively high morbidity and mortality resulting from this
process have spurred investigators to seek alternative solu-

tions. In an attempt to assess the viability and physiologic
functionality of a cell-seeded device to replace the filtration,
transport, metabolic, and endocrinologic functions of the kid-
ney, a synthetic hemofiltration device and a device which
contained tissue-engineered porcine renal tubules were incor-
porated into an extracorporeal perfusion circuit, and this was
introduced into acutely uremic dogs. Levels of potassium and
blood urea nitrogen were controlled during treatment with the
device. The fractional reabsorption of sodium and water was
possible. Active transport of potassium, bicarbonate, and glu-
cose, and a gradual ability to excrete ammonia was observed.
These results demonstrated the feasibility of an extracorporeal
assist device that is reinforced by the use of proximal tubular
cells (46).
Using similar techniques, the development of a tissue-

engineered bioartificial kidney consisting of a conventional
hemofiltration cartridge in series with a renal tubule assist
device containing human renal proximal tubule cells was used
in patients with acute renal failure in the intensive care unit.
The initial clinical experience with this bioartificial kidney
suggests that renal tubule cell therapy may provide a dynamic
and individualized treatment program as assessed by acute
physiologic and biochemical indices (47).
Creation of functional renal structures in vivo. Another

approach to improve renal function involves the augmentation
of renal tissue with kidney cells expanded in vitro and used for
subsequent autologous transplantation. Most recently, an at-
tempt was made to reconstitute renal epithelial cells for the
generation of functional nephron units. Renal cells were har-
vested and expanded in culture. The cells were seeded onto a
tubular device constructed from a polycarbonate membrane,
which was connected at one end to a Silastic catheter that
terminated in a reservoir. The device was implanted in athy-
mic mice. Histologic examination of the implanted devices
over time revealed extensive vascularization with formation of
glomeruli and highly organized tubule-like structures. Immu-
nocytochemical staining confirmed the renal phenotype. Ad-
ditionally, yellow fluid was collected from inside the implant,
and its creatinine and uric acid concentrations were consistent
with the makeup of dilute urine. Further studies have shown
the formation of renal structures in cows using nuclear transfer
techniques (Fig. 4) (48). The expansion of this system to
larger, three-dimensional structures is the next challenge
awaiting researchers in the urogenital tissue-engineering field.

Genital Tissues

Reconstruction of corporal smooth muscle. One of the
major components of the phallus is corporal smooth muscle.
The creation of autologous functional and structural corporal
tissue de novo would be beneficial in cases of congenital
abnormality of the genitals and in other situations where
reconstruction is functionally and esthetically necessary. To
look at the functional parameters of engineered corpora, acel-
lular corporal collagen matrices were obtained from donor
rabbit penile tissue, and autologous corpus cavernosal smooth
muscle and endothelial cells were harvested, expanded, and
seeded on the matrices. The entire rabbit corpora was removed

Figure 3. Construction of an engineered human bladder. (A) The engineered
bladder anastomosed to native bladder tissue with running 4–0 polyglycolic
sutures. (B) Implanted bladder covered with fibrin glue and omentum.
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and replaced with the engineered structures. The experimental
corporal bodies demonstrated intact structural integrity by
cavernosography and showed similar intracorporal pressures
by cavernosometry when compared with the normal controls.
Rabbits that received scaffolds without cells failed to achieve
normal erectile function throughout the study period. How-
ever, mating activity in the animals with the cell-seeded
corpora appeared normal by 1 mo after implantation. The
presence of sperm was confirmed during mating, and was
present in all rabbits with the engineered corpora. The female
rabbits that mated with the animals implanted with engineered
corpora conceived and delivered healthy pups. Animals im-
planted with the matrix alone were unable to demonstrate
normal mating activity and failed to ejaculate into the vagina
(49,50).
Engineered penile prostheses. Although silicone is an ac-

cepted biomaterial for penile prostheses, biocompatibility is a
concern (51,52). Use of a natural prosthesis composed of
autologous cells may be advantageous. In a recent study, the
feasibility of applying engineered cartilage rods in situ was
investigated (53). Autologous chondrocytes were harvested
from rabbit ear and expanded in culture. The cells were seeded
onto biodegradable poly-L-lactic acid-coated polyglycolic acid
polymer rods and then implanted into the corporal spaces of
rabbits. Examination at retrieval showed the presence of well-
formed, milky-white cartilage structures within the corpora at
1 mo and the polymer scaffolding had degraded by 2 mo.
There was no evidence of erosion or infection in any of the
implantation sites. Subsequent studies were performed to as-
sess the long-term functionality of the cartilage penile rods in
vivo. To date, the animals have done well and can copulate
and impregnate their female partners without problems.
Female genital tissues. Congenital malformations of the

uterus may have profound implications clinically. Patients
with cloacal exstrophy and intersex disorders may not have
sufficient uterine tissue present for future reproduction. We
investigated the possibility of engineering functional uterine
tissue using autologous cells. Autologous rabbit uterine

smooth muscle and epithelial cells were harvested and ex-
panded in culture. These cells were seeded onto preconfigured
uterine-shaped biodegradable polymer scaffolds, and these
were used for subtotal uterine tissue replacement in the cor-
responding autologous animals. Upon retrieval, 6 mo after
implantation, histologic, immunocytochemical, and Western
blot analyses confirmed the presence of normal uterine tissue
components. Biomechanical analyses and organ bath studies
showed that the functional characteristics of these tissues were
similar to those of normal uterine tissue. Breeding studies
using these engineered uteri are currently being performed.
Similarly, several pathologic conditions, including congen-

ital malformations and malignancy, can adversely affect nor-
mal vaginal development or anatomy. To investigate tissue-
engineering methods of generating vaginal tissue for use in
these situations, vaginal epithelial and smooth muscle cells of
female rabbits were harvested, grown, and expanded in cul-
ture. These cells were seeded onto biodegradable polymer
scaffolds, and the cell-seeded constructs were then implanted
into nude mice for up to 6 wk. Immunocytochemical, histo-
logic, and Western blot analyses confirmed the presence of
vaginal tissue phenotypes. Electrical field stimulation studies
in the tissue-engineered constructs showed similar functional
properties to those of normal vaginal tissue. When these
constructs were used for autologous total vaginal replacement,
patent vaginal structures were noted in the tissue-engineered
specimens, whereas the noncell-seeded structures were noted
to be stenotic (54).

Injectable Therapies

Both urinary incontinence and vesicoureteral reflux are
common conditions affecting the pediatric genitourinary sys-
tem. Currently, injectable bulking agents are one treatment
used clinically for these conditions, but biocompatibility of
current synthetic bulking agents is a concern. The ideal sub-
stance for endoscopic treatment of reflux and incontinence
should be injectable, nonantigenic, nonmigratory, volume sta-
ble, and safe for human use. Animal studies have shown that
chondrocytes (cartilage cells) can be easily harvested and
combined with alginate in vitro and the resulting suspension
can be easily injected cystoscopically. The elastic cartilage
tissue formed because of the injection is able to correct
vesicoureteral reflux without any evidence of obstruction. This
technology has been applied in humans for the correction of
vesicoureteral reflux in children and for urinary incontinence
in adults (Fig. 5) (55,56).
Using cell therapy techniques, the use of autologous smooth

muscle cells has been explored for both urinary incontinence
and vesicoureteral reflux applications. The potential use of
injectable, cultured myoblasts for the treatment of stress uri-
nary incontinence has also been investigated (57,58). The use
of injectable muscle precursor cells has also been investigated
for use in the treatment of urinary incontinence due to irre-
versible urethral sphincter injury or maldevelopment (59). A
clinical trial involving the use of muscle derived stem cells to
treat stress urinary incontinence has also been performed with
good results. Biopsies of skeletal muscle were obtained and

Figure 4. Combining therapeutic cloning and tissue engineering to produce
kidney tissue. (A) Illustration of the tissue-engineered renal unit. (B) Renal
unit seeded with cloned cells, 3 mo after implantation, showing the accumu-
lation of urine-like fluid. (C) There was a clear unidirectional continuity
between the mature glomeruli, their tubules, and the polycarbonate mem-
brane. (D) Elispot analyses of the frequencies of T cells that secrete IFN-
gamma after primary and secondary stimulation with allogeneic renal cells,
cloned renal cells, or nuclear donor fibroblasts.
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autologous myoblasts and fibroblasts were cultured. Under
ultrasound guidance, myoblasts were injected into the rhab-
dosphincter and fibroblasts mixed with collagen were injected
into the submucosa. One year after injection, the thickness and
function of the rhabdosphincter had significantly increased,
and all patients were continent (60). These are the first dem-
onstrations of the replacement of both sphincter muscle tissue
and its innervation by the injection of muscle precursor cells.
In addition, injectable muscle-based gene therapy and tissue

engineering were combined to improve detrusor function in a
bladder injury model, and may potentially be a novel treat-
ment option for urinary incontinence (61).
Patients with testicular dysfunction require androgen re-

placement for somatic development. Conventional treatment
for testicular dysfunction consists of periodic intramuscular
injections of chemically modified testosterone or application
of a transdermal testosterone patch. However, long-term non-
pulsatile testosterone therapy is not optimal and can cause
multiple problems, including erythropoiesis and bone density
changes.
A system was designed wherein Leydig cells were microen-

capsulated for controlled testosterone replacement. Purified
Leydig cells were isolated and encapsulated in an alginate-
poly-L-lysine solution. The encapsulated Leydig cells were
injected into castrated animals, and serum testosterone was
measured serially; the animals were able to maintain testos-
terone levels in the long term (62). These studies suggest that
microencapsulated Leydig cells may be able to replace or
supplement testosterone in situations where anorchia or tes-
ticular failure is present.

CONCLUSION

Tissue engineering efforts are currently being undertaken
for every type of tissue and organ within the urinary system.
Most of the effort expended to engineer genitourinary tissues
has occurred within the last decade. Although some tissue
engineering applications are beginning to enter clinical prac-
tice, many of the new tissue engineering techniques described
must be studied further before they can be applied to human
disorders. However, recent progress suggests that engineered
urologic tissues and cell therapy may have clinical applicabil-
ity, particularly in reconstruction of this system in children.
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