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Purpose: The field of tissue engineering focuses on developing strategies for
reconstructing injured, diseased, and congenitally absent tissues and organs.
During the last decade urologists have benefited from remodeling and regener-
ative properties of bioscaffolds derived from xenogenic extracellular matrices. We
comprehensively reviewed the current literature on structural and functional
characteristics of xenogenic extracellular matrix grafting since it was first de-
scribed in urological surgery. We also reviewed the clinical limitations, and
assessed the potential for safe and effective urological application of extracellular
matrix grafting in place of autogenous tissue.
Materials and Methods: We performed literature searches for English language
publications using the PubMed® and MEDLINE® databases. Keywords included
“xenogenic,” “extracellular matrix” and “genitourinary tract applications.” A total
of 112 articles were scrutinized, of which 50 were suitable for review based on
clinical relevance and importance of content.
Results: Since the mid 1990s xenogenic extracellular matrices have been used to
successfully treat a number of pathological conditions that affect the upper and
lower genitourinary tract. They are typically prepared from porcine organs such
as small intestine and bladder. These organs are harvested and subjected to
decellularization and sterilization techniques before surgical implantation.
Bioinductive growth factors that are retained during the preparation process
induce constructive tissue remodeling as the extracellular matrix is simulta-
neously degraded and excreted. However, recent documented concerns over du-
rability, decreased mechanical strength and residual porcine DNA after prepa-
ration techniques have temporarily hampered the potential of extracellular
matrices as a reliable replacement for genitourinary tract structures.
Conclusions: Extracellular matrices are a useful alternative for successfully
treating a number of urological conditions that affect the genitourinary tract.
However, clinical concerns regarding mechanical limitations and biosafety need
to be addressed before their long-term role in reconstructive urological surgery
can be clearly established.
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A broad range of benign and malignant
medical conditions can lead to destruc-
tion or obliteration of the genitourinary
tract in a focal or multi-segmental man-

ner. The field of tissue engineering fo-
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cuses on developing strategies for re-
constructing injured, diseased, and
congenitally absent tissues and organs.
This exciting development has pro-

gressed considerably during the last 2
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decades, as exemplified by the different xenogenic bio-
materials that urologists are using on a day-to-day
basis (Appendix 1). Hitherto, reconfigured autogenous
bowel segments have been the mainstay of functional
reconstruction for the lower urinary tract since the
early 1900s.1 Although bowel is used commonly, it is
not without its own specific complications such as re-
current calculus formation, recurrent resistant uri-
nary tract infections and metabolic abnormalities.2 A
safe, strong xenogenic material is a potential alterna-
tive option.

We review the evolution and clinical limitations of
xenogenic ECM grafting since it was first described in
urological surgery during the mid 1990s.3 We exam-
ined the structural and functional characteristics of
different xenogenic ECMs and assessed their potential
to be safely applied to the genitourinary tract in ev-
eryday urological practice in place of autogenous tis-
sue.

CONSTITUENTS AND PREPARATION OF

XENOGENIC ECMS

The major constituents found in mammalian ECMs
include collagen, glycoproteins (such as fibronectin
and laminin), GAGs and growth factors. These constit-
uents provide structural, functional, adhesive and
stimulatory functions to the surrounding cells, en-
abling them to survive and proliferate (Appendixes 2
and 3).4 Naturally the transition phase of an ECM
scaffold from intact mammalian tissue to viable donor
xenograft material requires several processing steps.
Initially native tissue is manually separated from un-
wanted tissue structures and tissue decellularization
is achieved through various combinations of physical,
chemical and enzymatic treatments.5 These methods
disrupt the cell membrane and facilitate extraction of
intracellular remnants.

During the decellularization process it is of para-
mount importance to preserve as many mechanical
and biological properties of the donor ECM as possible.
Disruption of collagen architecture can decrease the
mechanical strength of the prepared scaffold, removal
of GAGs adversely affect its viscoelastic behavior and
the absence of growth factors will decrease the scaffold
bioinductive properties.6 After the xenograft is decel-
lularized it is then sterilized by exposure to radiation
or ethylene oxide.

To date porcine SIS and BSMs have been strongly
favored as potential donor xenogenic scaffolds for re-
constructive urological surgery (Appendix 4). Both
have had considerable clinical success as interposition
urological grafts and form the basis of this review.
Although the harvesting sites differ, both ECMs can
support the growth and differentiation of multilayered

urothelial cells while maintaining a connective tissue
layer that provides structural integrity to the bladder
wall.7 SIS is harvested from the small intestine and
BSMs originate from the bladder. The collagen com-
ponents also differ to a small extent after decellular-
ization and sterilization. The decellularized SIS scaf-
fold is primarily composed of collagen type I with
smaller amounts of collagen types III, IV, V and VI.4 In
contrast, BSMs are rich in collagen types III, IV and
VII.

BSMs possess an intact basement membrane which
has many characteristics that favor its application to
the genitourinary tract. An intact basement mem-
brane can contribute to the prevention of urine infil-
trating into deeper tissues which can in turn lead to
graft shrinkage. Perhaps more importantly BSMs re-
tain mechanical properties from original in vivo uro-
logical function that are closely matched to the tar-
geted genitourinary organ.8

It has also been shown that significant limitations
during the preparation process have hampered and
delayed the progression of ECMs into the urological
arena. Despite thorough decellularization and steril-
ization methods, xenogenic ECM materials still retain
a significant portion of residual DNA and biosafety
concerns exist.9 In addition, different preparation
methods such as prehydration or lyophilization
(freeze-drying) before implantation can affect the
structural morphology, degradation rate and mechan-
ical strength.10 These inconsistencies have inevitably
led to a degree of apprehension among urologists when
considering xenogenic ECMs for tissue engineering.

IMMUNE RESPONSE

Theoretically implanted ECM should not elicit an im-
mediate or delayed immune response due to the xeno-
graft acellular and avascular nature.11 However, as
elimination of all nuclear materials and cell mem-
brane products is almost impossible during the decel-
lularization process, a host derived immune response
against the graft cell remnants may be expected. This
hypothesis has been extensively studied by assessing
the host cell mediated T-helper 1 (rejection) and T-
helper 2 (accommodation) immune responses to im-
planted xenografts.12

Results from preliminary studies in mice are favor-
able, as the implanted SIS scaffold elicits an immune
lymphocytic response that is predominately Th2-
like.13 The Th-2 pathway stimulates the production of
IL-4, IL-5, IL-6 and IL-10. These interleukins promote
graft acceptance and prevent the activation of neigh-
boring inflammatory macrophages.14 Activation of the
Th2 pathway also promotes effective tissue remodel-
ing, structural repair and functional recovery of the
injured tissue after graft acceptance. Undoubtedly ac-

tivation of this humoral response is encouraging, as
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activation of the alternate lymphocytic pathway (ie
Th1) produces an acute inflammatory reaction. Cyto-
kines such as IL-2, interferon-� and tumor necrosis
factor-� activate neighboring macrophages and stim-
ulate the differentiation of CD 8� cells to a cytotoxic
phenotype. This host derived inflammatory response
ultimately leads to xenogenic graft rejection.15

The graft response to potential host derived patho-
genic microorganisms has also raised concerns among
urological surgeons as graft infection is associated
with considerable morbidity. The xenograft response
to Gram-positive and Gram-negative bacteria has
been evaluated and compared to conventional syn-
thetic graft materials (ie polytetrafluoroethylene) in
animal studies.16 Interestingly xenogenic ECM mate-
rials were resistant to persistent bacterial infection
after deliberate contamination at the graft implanta-
tion site.

This resistance has been attributed to the presence
of multiple low molecular weight peptides that survive
the decellularization and sterilization processes.17

These peptides demonstrate bacteriostatic activity
against microorganisms and inhibit bacterial prolifer-
ation for up to 12 hours after initial exposure. Their
antimicrobial activity protects the remodeling site
from circulating pathogens.17 However, their origin
and structural homology to natural antimicrobial pep-
tides and defensins are important aspects that have
not been clarified to date. Their spectrum of activity
and pathways of incorporation are also poorly under-
stood. These factors need to be thoroughly investigated
so the extent of their antibacterial role can be clearly
established.

REMODELING AND DEGRADATION

Biological growth factors in xenogenic SIS and BSM
are key contributors to cell growth and tissue regen-
eration. Proteoglycans facilitate survival during ma-
trix decellularization and sterilization by functioning
as storage vessels.18 As the matrix is implanted,
growth factors are released stimulating angiogenesis,
host cell infiltration and mitogenesis (Appendix 3).
Matrix degradation coincides with these events, and
the degradation process is influenced by host derived
enzymatic and cellular processes.8 During the degra-
dation process growth factors dissociate from their
binding proteins and are activated to promote tissue
neovascularization. Matrix degradation and growth
factor activation continue until the ECM scaffold is
completely replaced by host cells.8

Common growth factors that influence tissue re-
modeling responses include vascular endothelial cell
growth factor and basic fibroblast growth factor. Vas-
cular endothelial cell growth factor has been shown to

stimulate angiogenesis, vascular permeability, and en-
dothelial cell proliferation and migration, while basic
fibroblast growth factor encourages wound healing.19

Other retained growth factors in the ECM include
keratinocyte growth factor, which mediates epithelial
cell proliferation and differentiation,20 and platelet-
derived growth factor-� polypeptide, which promotes
chemotaxis, proliferation, angiogenesis and tissue re-
modeling. It appears that the strong remodeling effect
exerted by biological growth factors is accentuated by
cryptic peptides that are also released from the im-
planted scaffold during the degradation process. These
peptides are involved in recruiting circulating bone
marrow derived cells that can partake in long-term
tissue remodeling processes.21

An ability to be completely degraded while stimu-
lating a native remodeling response during a rela-
tively short period is perhaps the most attractive fea-
ture of ECM. These impermanent properties were
investigated by determining the rates of in vivo graft
degradation and excretion in canine models during the
1990s.22 Studies show that xenogenic ECMs are rap-
idly degraded and absorbed when implanted in the
genitourinary tract with up to 90% of the scaffold
being replaced by host tissue within 28 days.23 Gener-
ally excretion rates of all ECMs vary between 28 and
90 days depending on the type of tissue that is being
remodelled.13,23 Naturally the process may be pro-
longed when multiple layers of xenogenic scaffold are
implanted (eg 90 to 120 days).

Shortly after the degradation process the ECM
briefly enters the blood stream and is excreted via the
kidneys through glomerular filtration. This has been
shown by measuring quantitative studies of 14C-
labeled SIS after augmentation cystoplasty in canine
models.23 More than 50% of the scaffold was removed
from the implantation site at 28 days and almost 100%
of the scaffold was replaced by 100 days. During fol-
lowup 95% of degradation products were found in the
host urine.23

MECHANICAL PROPERTIES

The xenograft remodeling capacity is dependent on the
preservation of bioinductive growth factors during the
sterilization process. Similarly its mechanical effec-
tiveness is largely dependent on preserving intact col-
lagenous arrangements and adhesive glycoproteins
during this process. This is highlighted by the scaffold
mechanical response to different sterilization tech-
niques. Studies have shown that the graft uniaxial
and biaxial mechanical properties are significantly re-
duced after exposure to gamma irradiation, electron
beam irradiation and ethylene oxide.24 The decrease in
mechanical strength is dose dependent and higher
doses can significantly affect graft durability. This im-

portant feature emphasizes the preparation difficul-
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ties encountered between graft sterilization and con-
stituent preservation techniques.25

Mechanical limitations are further exacerbated
during the initial remodeling response. Typically SIS
and BSM show decreased mechanical strength after
implantation caused by a temporal imbalance between
the rates of scaffold degradation and infiltrating host
cell deposition.26 While the rapid degradation of im-
planted genitourinary ECMs is often lauded, one must
consider the temporal mismatch that occurs between
xenograft degradation and host derived matrix depo-
sition. One study demonstrated a 30-fold decrease in
bladder compliance (compared to the preoperative sta-
tus) after canine bladder was replaced with SIS.27

Importantly this imbalance between matrix degrada-
tion and deposition is temporary in nature, and a rapid
remodeling response can occur once infiltrating host
cells self-organize and begin producing their own
ECM. However, patients may be subjected to compli-
cations such as poor compliance and deteriorating re-
nal function until a gradual return to site appropriate
mechanical strength occurs.28

More recently the type of xenograft selected has
been determined by the mechanical properties that
are associated with the targeted anatomical structure
or organ. This is because implanted ECMs retain de-
fining features from their original in vivo function,
suggesting that new host tissue is influenced by the
3-dimensional structure and fiber alignment of the
donor matrix scaffold.8 From these findings one can
argue that BSMs may be more mechanically suitable
as a genitourinary tract applicant than SIS, because
BSM scaffolds retain mechanical properties similar to
genitourinary tissue, particularly the bladder.29 After
implantation BSMs preferentially align along the long
axis of the recipient bladder and have a unique ability
to stretch uniformly in all directions in response to
genitourinary pressure and volume changes.4

In contrast, SIS regenerative potential in urological
surgery is specifically dependent on the graft harvest-
ing site from the small intestine. Distal porcine small
intestinal segments demonstrate greater regenerative
potential and significantly less graft contracture com-
pared to proximal segments.30 After surgical implan-
tation SIS adopts an anisotropic collagenous fiber
alignment with spirally arranged collagen fibers
stretching and constricting along the preferred longi-
tudinal axis in a manner similar to gastrointestinal
peristalsis.31 A preoperative 3-dimensional under-
standing of the ECMs collagenous arrangement is nec-
essary if mechanical properties of the recipient organ
are to be maintained postoperatively.

GENITOURINARY TRACT APPLICATIONS

Repairing and reconstructing genitourinary tract

structures with ECM scaffolds has been extensively
described with many successes and failures reported.
An important urological advantage of xenogenic ECMs
is their multifunctional potential after implantation
due to their versatility. Acellular ECM scaffolds are
useful for providing intraoperative hemostasis
through compression and for repairing small tissue
defects by releasing bioinductive growth factors. In
addition, cell seeded and composite ECM scaffolds are
capable of repairing larger and perhaps more compli-
cated genitourinary tract defects and organs.32,33 Ini-
tially the majority of these studies were done in animal
models. However, reports of successful human trials
with encouraging short and long-term followup results
are becoming more frequent.

Upper Urinary Tract

Kidney. NSS has gained widespread acceptance as an
alternative surgical option for small renal masses. Pre-
vious studies have applied exogenous pro-coagulable
materials like fibrin glue, Gore-Tex® or Teflon® to
achieve sufficient intraoperative hemostasis during
partial nephrectomy.34 More recently the tensile
strength and adaptability of prehydrated porcine SIS,
applied in conjunction with pro-coagulable agents (eg
Tachosil® or Tachocomb®), has been as effective in
providing intraoperative and postoperative hemosta-
sis after excising larger renal tumors.

Sufficient hemostasis is achieved through tension
and downward compression exerted by the sutured
SIS graft on the defect site as demonstrated in a study
of 55 patients during a 3-year period (see figure).35

Median tumor size was 4.5 cm (range 1.3 to 13) and
median intraoperative blood loss was 730 cc (range
100 to 2,500), which is comparable to other conven-
tional nephron sparing surgical methods.36 A similar
study described the role of SIS in ensuring a water-
tight closure of the collecting system and in minimiz-
ing parenchymal bleeding after NSS in 22 patients
who underwent partial nephrectomy.37 No postopera-
tive parenchymal bleeds requiring transfusion or uri-

Sutured SIS

Renal Parenchyma

Xenogenic SIS exerts downward compression over renal defect

to achieve hemostasis.
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nary fistulas were reported during a mean followup of
18.4 months. These studies demonstrate that SIS is
easily applied and highly effective at preventing post-
operative complications. In this context the application
of SIS merits further investigation, as the indications
for NSS are continuing to expand.

Ureter. While xenogenic bioscaffolds are effective at
providing intraoperative hemostasis in renal surgery,
clinical limitations persist for ureteral reconstructive
purposes. Previous experiments using synthetic mate-
rials like silicone-polytetrafluoroethylene and collagen
tubes have failed because of infection, graft migration,
crystal deposition and poor biocompatibility.38 This is
unfortunate because complicated strictures of the
proximal ureter or long segment low grade urothelial
tumors, which may be unsuitable for endoscopic abla-
tion, can cause management dilemmas for urologists,
particularly in the setting of a solitary kidney or com-
plicated anatomy.

Early trials in pigs demonstrated initial success
when allogenic SIS replaced a 7 cm left ureteral seg-
ment after two-thirds of the upper diameter was in-
cised.39 Vascularized segments of collagen and smooth
muscle demonstrated angiogenic activity at autopsy 7
weeks later with no histological evidence of anasto-
motic strictures, stenosis, immunogenic reaction or
graft rejection. A control was provided by performing a
simple Davis ureterotomy on the opposite ureter with
complete ureteral stenosis and no evidence of epithe-
lial regeneration at 7-week followup. Similar findings
were reported in another study that applied allogenic
SIS to a 2 cm ureteral deficit encompassing half its
circumference.40 Autopsy at 9 weeks demonstrated
ureteral patency with urothelial and muscular regen-
eration at the level of excision.

Unfortunately the validity of these encouraging re-
sults has been opposed by failures in other studies,
with a study demonstrating 100% failure of tubular-
ized acellular SIS segments to replace the ureter in 6
Yucatan mini pigs after 12-week followup.41 Theoret-
ically these limitations may be addressed by preceding
the xenograft with native cell types before implanta-
tion, as this method has been effective in maintaining
patency after repairing larger (ie greater than 1 cm)
urethral defects.32

Bladder

The bladder can be affected by multiple pathological
processes in which autogenous donor gastrointestinal
tissue may be applicable for treatment purposes. How-
ever, the use of autogenous gastrointestinal segments
is associated with complications that include meta-
bolic abnormalities, urolithiasis and recurrent urinary
tract infections.2 These complications occur because

the intestine is lined with absorptive mucus secreting
epithelium that is poorly compatible with a urinary
reservoir.

Previously neobladders have been created with xe-
nogenic biomaterials using cell based approaches in
animal models.42 Studies in canine models have
shown that a single layer of implanted SIS induces
infiltrating mesenchymal cells to form 3 distinct his-
tomorphological layers (ie urothelium, smooth muscle
and serosa) when replacing a full thickness bladder
defect.22,27 The remodeled SIS-ECM segment demon-
strates contractile activity and functional innervation.
However, significant limitations occur when these re-
sults are applied clinically. During followup the graft
area can significantly decrease in size secondary to
tissue fibrosis. Postoperatively this leads to complica-
tions such as decreased bladder compliance43 and
voiding difficulties.41

More recently composite scaffolds composed of cell
seeded xenogenic ECMs and synthetic materials have
appeared more suitable for replacing larger bladder de-
fects, as neither scaffold possesses the mechanical
strength required to maintain the structural integrity of
larger organs when applied alone. This theory was inves-
tigated in a groundbreaking study by Atala et al in which
native urothelial and smooth muscle cells were pre-
seeded onto either BSM scaffolds or a composite scaffold
of collagen and polyglycolic acid, which in turn were used
as bladder augmentation segments in patients with neu-
ropathic bladders due to myelomeningocele.33 The scaf-
folds were implanted with or without an omental wrap in
7 pediatric patients with no postoperative complications
after a mean followup of 46 months. Postoperative cys-
tograms and urodynamic studies demonstrated that the
greatest increase in bladder capacity and compliance oc-
curred in the composite engineered bladders with an
omental wrap (1.58-fold and 2.79-fold, respectively) while
mean bladder leak point pressure at capacity decreased
postoperatively by 56% (67 to 37.5 cm H2O). However,
additional prospective studies in human patients will be
needed before widespread acceptance of these proce-
dures.

Stress and Neuropathic Urinary Incontinence

Suburethral slings are the standard surgical treat-
ment for urinary stress incontinence in females. Mor-
bidity and increased operating time secondary to au-
togenous graft harvesting have encouraged the use of
alternative graft materials such as allografts, xeno-
grafts and synthetic materials. Synthetic materials
remain in situ and are not resorbed, but are associated
with a 0.2% to 22% risk of local infection, erosion or
extrusion.44 SIS (Stratasis®) is commercially available
for pubovaginal sling use in female patients with uri-
nary stress incontinence. An initial study revealed
promising results when 142 of 152 patients (93.4%)

reported complete resolution of symptoms with no
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postoperative complications after a mean followup of
27 months (range 4 to 48).

Worryingly inflammatory complications and con-
cerns over graft durability have recently been re-
ported. One study demonstrated a significantly infe-
rior cure rate when acellular cross-linked porcine
dermal slings were compared to rectus fascial slings
stress after 3-year followup.45 Another series revealed
inflammatory complications in 31% (5 of 16) of pa-
tients who had a prehydrated SIS pubovaginal sling
inserted.9 The etiology of the inflammatory reaction is
unknown. However, the correlation between the high
amount of residual porcine nuclei present and increas-
ing incidence of postoperative inflammatory reactions
has led to further skepticism of commercially available
SIS among urologists.

Results appear more favorable when SIS is used to
treat neuropathic urinary incontinence in the setting
of neurogenic incontinence in the pediatric population.
Autogenous rectus fascia is not always available be-
cause this patient population is more susceptible to
poor nutritional status and more likely to have a his-
tory of abdominal surgery. Studies have shown that
continence rates with SIS and autogenous slings are
no different.46

Of 20 patients treated with urethral slings synthe-
sized from SIS 14 (70%) were fully continent after a
13-month followup (range 9 to 26).47 Another study
described successful use of SIS bladder neck slings in
21 pediatric patients with neuropathic urinary incon-
tinence.46 Continence was achieved in 75% of patients
after a mean followup of 15 months (range 6 to 42).
The sling is positioned posterior to the bladder neck
after entering the endopelvic fascia and dissecting out
the retropubic space. It is then crossed anteriorly, and
tension sutures are applied and tied down over the
rectus fascia. The encouraging results from these stud-
ies suggest that SIS may be a useful alternative when
resection of the rectus fascia is not feasible. However,
given the high long-term failure rates with porcine
dermal fascial slings in adults, caution must be exer-
cised in interpreting short-term results.45

Urethra

Autogenous mucosa biopsied from the buccal cavity,
colon, bladder and lingual area can be used to repair
urethral deficits when limited urethral tissue is avail-
able for reconstructive procedures.48 However, it is
also recognized that complications such as infection,
fistula formation, metabolic abnormalities, prolonged
surgery and prolonged inpatient stay are associated
with autogenous tissues.49 The potential for reducing

postoperative complication rates by applying alterna-
tive biomaterials has lead to experimentation with
xenogenic bioscaffolds.

Initially excellent patency rates were reported
when BSMs were applied as an onlay graft to repair
urethral deficits less than 0.5 cm in rabbits.50 How-
ever, concerns were voiced when high failure rates
secondary to stricture formation were reported when
larger defects (ie greater than 1 cm) were repaired
with tubular BSMs in 12 rabbits. This significant clin-
ical limitation has been addressed by preseeding the
BSM with allogenic cell types before surgical implan-
tation. Recently BSMs that were preseeded with host
derived urothelial cells, oral keratinocytes and epider-
mal cells were used to repair urethral defects greater
than 1 cm in animal models. The preseeded BSM scaf-
folds demonstrated excellent patency rates. Mainte-
nance of a nonobstructive outflow from the bladder
while allowing tissue to regenerate across the urethral
defect has been attributed to the porous nature of the
BSM bioscaffold7 and to the remodeling effect that
intrinsic growth factors exert on the seeded cell type.32

Urethral reconstruction with preseeded ECM scaffolds
consistently demonstrates superior results compared
to the ECM scaffold alone.32 However, further studies
need to be done before this approach can be imple-
mented clinically.

FUTURE PERSPECTIVES

AND CONCLUSIONS

Significant experimental and clinical progress been
made with tissue engineered xenografts in urological
surgery during the last decade. Currently these bio-
scaffolds provide a useful alternative to effectively
treat a number of urological conditions that affect the
upper and lower genitourinary tract. Adaptable acel-
lular scaffolds can provide hemostasis or induce tissue
regeneration for smaller genitourinary defects. Con-
versely, cell seeded scaffolds can effectively replace
larger genitourinary tract segments and composite cell
seeded scaffolds can be used to successfully recon-
struct genitourinary organs.

Importantly clinical concerns over residual porcine
DNA after the preparation process and temporal me-
chanical limitations after sterilization techniques are
important issues that need to be addressed to main-
tain the established clinical applicability of xenogenic
bioscaffolds. If future studies can address and resolve
these issues through the development of effective,
standardized and repeatable ECM preparation tech-
niques, xenogenic bioscaffolds may continue to trans-

form the field of reconstructive urology.

RegenX Science Exhibit 1058 
Page 6



XENOGENIC EXTRACELLULAR MATRICES FOR INTERPOSITION GRAFTING2252
APPENDIX 1
Current Applications of Xenogenic ECMs for Genitourinary Procedures

Organ/Tissue Pathology ECM Urological Application

Kidney Renal tumour Acellular SIS Haemostasis in nephron sparing surgery for renal tumors35,37

Ureter Ureteral stricture Acellular SIS Ureteral replacement post excision of stricture or low grade TCC39,*
Bladder Myelomeningocele Cell seeded BSM � synthetic scaffold Urinary bladder augmentation/reconstruction33

Neuropathic urinary incontinence Acellular SIS Bladder neck slings46

Stress urinary incontinence Acellular SIS Commercially available as a pubovaginal sling
Urethra Stricture �0.5 cm Acellular BSM Onlay graft post urethroplasty50,*

Stricture �0.5 cm Tubularized cell seeded BSM Maintains patency post reparation of larger urethral defects (ie �0.5 cm)32,*

* Procedure carried out on animal models.

APPENDIX 2
ECM Constituents and Their Specific Functions

Constituents Features

Collagen y Most abundant protein within ECMs4

y More than 20 different types have been identified
y Provides distinct mechanical and physical properties to the ECM
y Participates in cell-cell interactions through membrane-spanning receptor proteins known as integrins

Laminin y Large adhesion glycoprotein
y Involved in cell and tissue differentiation
y Promotes tissue development and angiogenesis through beta-1 integrin chain

Fibronectin y Extracellular glycoprotein
y Promotes host biocompatibility
y Induces cell adhesion by binding to the alpha5--beta1 integrin

Glycosaminoglycans y Mucopolysaccharides
y Bind covalently to a protein core to form a proteoglycan molecule
y Act as a reservoir when cells stop growth factor production
y Enable ECMs to store growth factors that may be used during tissue regeneration

Growth factors y Present in small quantities within ECMs
y Naturally occurring substances capable of stimulating cellular growth, proliferation and differentiation

APPENDIX 3
Bioinductive Growth Factors in ECMs and Their Functions

Growth Factor Function

Vascular Endothelial Growth Factor (VEGF) Regulates angiogenesis by controlling blood vessel formation and growth19

Platelet Derived Growth Factor (PDGF) Deposition of granulation tissue and stimulation of angiogenesis21

Bone Morphogenetic Protein (BMP) Stimulates formation of bone and cartilage
Keratinocyte Growth Factor (KGF) Epithelialization of wounds during healing20

Fibroblast Growth Factor (FGF) Induces growth of fibroblasts and endothelial cells during wound healing19

Transforming Growth Factor (TGF-�) Reorganization of matrix molecules to improve dermal architecture and reduce scarring

APPENDIX 4
Differentiating SIS From BSM

Xenogenic Extracellular Matrix Characteristics

Small Intestinal Submucosa (SIS) y Derived from porcine jejunum
y Primarily composed of the submucosal layer and the stratum compactum of the tunica mucosa4

y Mainly consists of type I collagen
Bladder Submucosal Matrix (BSM) y Derived from the porcine bladder

y Possesses an intact basement membrane consisting of collagen types IV and VII8
y Maintains genitourinary mechanical and functional features
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