
6

Introduction

About the bladder reconstructive surgery – from blad-
der augmentation cystoplasty to orthotopic whole neo-
bladder – the use of autologous bowel segments, though with
the onset sometimes of both prosthetic malignancies and
systemic metabolic complications, still remains the
gold standard since no better alternative has been pro-
ved to be wholly reliable.

With regard to such pathomorphosic and malignant
complications, clinical and animal model histologic exa-
minations on prosthetic intestinal segments may at times
show a sequential pathway from chronic urine exposu-
re-related inflammatory conditions to malignant tran-
sformation, given that phlogogenic cells can also ove-

rexpress cancerogenic cytokines. Besides the adenocar-
cinoma, other tumors – including polypoid adenoma, si-
gnet ring carcinoma, transitional cell carcinoma, sarco-
ma, lymphoma and carcinoid – may affect the intestinal
urinary diversion, particularly that colonic rather than the
ileal one. Preternatural histotectonic connections between
ureteral transitional epithelium and paranastomotic in-
testinal mucosa most likely explain, through altered cell
growth signalling between two dissimilar cell compart-
ments, the prevailing appearance of malignant changes
just at the uretero-intestinal suture line (1-4).

Systemic metabolic imbalances of intestinal urinary di-
version arise from both the chronic exposure of bowel
to urine – response to excess of urinary NH4, H+, Cl–
absorption with developing iperchloremic acidosis,
whence hypokalemia, bone demineralization with re-
sulting hyperphosphatemia/hyperphosphaturia and
phosphate urinary stone formation (that’s made easier
given the mucus overexpression) – and, otherwise, the
reconstructive measure-due removal of ileal segment with
following chologenic diarrhoea/steatorrhoea, hype-
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To prevent problematic outcomes of bowel-based bladder recon-
structive surgery, such as prosthetic tumors and systemic metabolic com-
plications, research works, to either regenerate and strengthen failing
organ or build organ replacement biosubstitute, have been turned,
from 90s of the last century, to both regenerative medicine and tissue
engineering.Various types of acellular matrices, naturally-derived ma-
terials, synthetic polymers have been used for either “unseeded” (cell
free) or autologous “cell seeded” tissue engineering scaffolds. Different
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and smooth muscle cells to natural or laboratory procedure-derived

stem cells – have been taken into consideration to reach the construc-
tion of suitable “cell seeded” templates. Current clinically validated
bladder tissue engineering approaches essentially consist of augmenta-
tion cystoplasty in patients suffering from poorly compliant neuropathic
bladder. No clinical applications of wholly tissue engineered neoblad-
der have been carried out to radical-reconstructive surgical treatment
of bladder malignancies or chronic inflammation-due vesical coarcta-
tion. Reliable reasons why bladder tissue engineering clinical applica-
tions so far remain unusual, particularly imply the risk of graft ische-
mia, hence its both fibrous contraction and even worse perforation.
Therefore, the achievement of graft vascular network (vasculogenesis)
could allow, together with the promotion of host surrounding vessel
sprouting (angiogenesis), an effective graft blood supply, so avoiding the
ischemia-related serious complications.
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Bladder tissue engineering clinical applications

roxaluria and oxalate urolithiasis, hypocalcemia and hy-
pomagnesemia, vit. B12 deficiency. Moreover, because
of osmotic gradient, the ileal reservoir may lose quite a
lot of water into the lumen while, on the other direction,
some drugs (antibiotics, methotrexate, etc.) or their ac-
tive metabolites may be reabsorbed, thus it increasing toxi-
city towards the liver, as its pivotal role in drug meta-
bolism, and the kidney as excretory target organ (5-8).

Just to prevent such problematic disadvantages and,
in addition, considering that the use of bowel in blad-
der reconstructive surgery must be avoided in some patho-
logical conditions – such as chronic inflammatory disease,
short gut syndrome, abdominal/pelvic external been ra-
diation therapy – intriguing studies from the 90s of the
last century, have been directed to more and more de-
velop the tissue engineering technologies for de novo urinary
bladder substitute construction, including bladder both
augmentation cystoplasty and orthotopic replacement.   

Nevertheless, as it will be down here set out, also the
resort to tissue engineering measures may dangerously
imply some disagreeable  –  particularly graft limited va-
scularity-related  –  outcomes (9-13).

Regenerative medicine and tissue
engineering research developments

Regenerative medicine and tissue engineering tech-
nological developments, during the last two decades,

made more and more feasible the creation of  functio-
nal bio-structures to either regenerate and strengthen fai-
ling organs or build organ replacement bio-substitutes
(1, 5, 14).

The ideal artificial bladder should show native uri-
nary bladder-like properties such as particularly the abi-
lity to effectively store urine at low pressure and,
otherwise, allow a voluntary voiding with minimal pro-
sthesis-ureter reflux (2).

Tissue engineering scaffold materials include either acel-
lular tissue matrices or naturally-derived extra-cellular ma-
trix (ECM) components or also several biodegradable
synthetic polymers (Table 1).

For a long time now, it has been reported that acel-
lular matrices – such as bladder acellular matrix
(BAM) and small intestinal submucosa (SIS) – are able
to sustain the proliferation of urothelium and smooth
muscle cells arising from adjacent normal tissue together
with the blood vessel and nerve regeneration (15-17).
Current developments in building BAM scaffolds aim
to facilitate the interactions between such matrix and
surrounding tissue cells so that allow the output of cell-
seeded grafts that might be used as “off the shelf” re-
placement material for augmentation bladder cysto-
plasty (17). SIS-based bladder tissue regenerative
medicine allow the whole reconstruction of three nor-
mal bladder like-layers (mucosa/submucosa, smooth
muscle detrusor and serosa) together with their vascular
network (5, 18, 19). What’s more, regrowth of

TABLE 1 - DIFFERENT CLASSES OF BIOMATERIALS MAINLY USED TO BUILD BLADDER TISSUE ENGINEERING
SCAFFOLDS.

▪ Acellular tissue matrices - bladder acellular matrix, BAM
by removing all tissue cell components - small intestinal submucosa, SIS

▪ Naturally-derived materials - protein-based, as collagen, elastin, laminin, fibronectin
as extracellular matrix polymer components - carbohydrate-based, as alginate, hyaluronic acid, agarose, chitosan

Both such classes of biomaterials are naturally endowed with bio-properties that allow to better mimic native tissue
extracellular matrix (ECM), although their use might result difficult given that they are limited in supply and show poor
mechanical features (particularly, lack of micro/nanoscale structuration) besides may cause immune responses.

▪ Synthetic polymers polyglicolic acid, PGA
polylactic acid, PLA         
polylactic-co-glycolic acid, PLGA
polycaprolactone, PLC
polycaprolactone-co-lactic acid, PCL-PLA
polycarbonate urethane-urea, PCUU

Synthetic polymer-based scaffolds may be built on a large scale with suitable features of micro-nanostructure, strength and
degradation process.

▪ Composite scaffolds: consisting of both a ECM component, such as collagen, and a synthetic polymer, are particularly 
used for hollow genitourinary organ building.
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smooth muscle layer using SIS appears to promote nor-
mal contractile activity given, indeed, the native
bladder tissue-like expression of purinergic, muscari-
nic, β-adrenergic receptors (20).

Current bladder tissue engineering modalities in-
clude both unseeded (cell free matrix) and seeded (cell
matrix) scaffold strategies, the first directed to promote
a natural in vivo process of wall regeneration with ari-
sing urothelial and smooth muscle cells from sur-
rounding native tissue (guided regenerative medicine)
while the second, instead, by seeding recipient auto-
logous urothelial/smooth muscle cells or stem cells onto
the scaffold, is directed to build in vitro replacement
functional tissues or organs (true tissue engineering)
(21-23). Suitably cell-seeded scaffolds should today al-
low to obtain tissue engineered constructs endowed
with functional native bladder tissue-like properties,
among which the urothelium-due both the imper-
meability – as barrier towards urinary solute absorp-
tion so that avoid the metabolic imbalances – and blad-
der filling pressure sensory transducer function to mo-
dulate tissue engineered organ dynamics, together with
smooth muscle cell phenotype-related contracti-
lity/relaxation activity (24, 25).

Synthetic polymers (Table 1) for cell-seeded 3D
scaffold-based bladder tissue engineering, besides to
be  endowed with essential biocompatibility proper-
ties – such as to be biodegradable and bioresorbable,
anti-bacterio-/mycostatic, nonphlogogenic without in-
ducing foreign-body tissue reactions, nonimmunogenic
and noncancerogenic – must be able to adequately sup-
port seeded cells kinetic peculiarities (adhesion, pro-
liferation, differentiation, migration) particularly due
to interactions of specific soluble growth factors with
transmembrane cell integrin receptors (25-28).

In this regard, novel so-called “small biomaterials”
– showing significant conformational changes in re-
sponse to small microenvironmental physico-chemi-
cal variations – have been devised, particularly inclu-
ding materials incorporating specific protein do-
mains, among which RDG (arginine-glycine-aspartic
acid compound ) as molecular domain of fibronectin
that is able to interact with α5β1 and αVβ3 integrin-
cell surface receptors (26-31).

Also intriguing advances in the field of nanotech-
nologies, concerning the treatment of various materials
at micro/nano level (from 100 μm to 10 nm), have led,
over two last decades, to improve the cell/scaffold in-
teractive connections. By mimicking the nanoscale ar-
chitecture of native bladder tissue, the synthetic poly-
mer-based scaffolds with nanostructured surface make
cell adhesion/growth easier than that of bladder tissue
building conventional modalities, as nanoscale poly-
mer structures showing the same nano-size of natural
tissue constitutive cell proteins, especially those of the

cell surface receptors, so reaching the advantage of “di-
rectly speaking the language of cells” (32-35).

Micro/nanometer scale-based polymeric structures
may be achieved by several techniques, among which
thermodynamic procedure of polymeric solutions
(from gas foaming to freeze drying), electrospinning
as a generation modality of polymeric nanofibers by
high electropotentials, and nano-optical photolitho-
graphy to build polymer hydrogel-based micro/na-
nostructured scaffolds (33, 34). Particularly, new
electrospinning built hybrid poly-ε-caprolactone
(PCL) and poly-L-lactic acid (PLLA) nano-scale
scaffolds allow to clearly validate the biocompatibility
and effectiveness of such polymers in the bladder tis-
sue engineering (36).

Different bladder tissue engineering nanotechno-
logy approaches – including either nanomaterials to
coat conventionally made scaffold surfaces or de novo
electrospun nanofiber-built scaffolds – show many
structural advantages, in comparison with non-na-
nostructured constructs, including the lower calcium
oxalate stone formation (32, 37).

The integration of synthetic polymers with ECM
native components – such as collagen, fibronectin, la-
minin, elastine – may lead to obtain significant im-
provements of both the various cell type binding to
scaffolds and  the growth of different functional engi-
neered tissues (27, 30). What has been recently proved
by comparison of nanometer-size fibronectin/gelatin
layer-coated electrospun fibrous poly(carbonate uretha-
ne) urea-based scaffolds with the uncoated ones (38).

As pivotal tools to properly develop tissue engi-
neering organs, different bioreactors can provide, just
regarding bladder mechanical properties (wall elasticity,
compliance pertinent various filling pressure, etc), sui-
table mechanical stimulations in cell culture chambres,
thus favourably affecting both urothelial and smooth
muscle cell growth together with the endothelial cell
layer development in blood vessels (39, 40).

Advanced molecular and imaging technologies, such
respectively next generation sequencing and magne-
tic resonance, may be used for monitoring regenera-
tion processes (41).

Though out of the true synthetic biomaterials
field,”silk fibroin”made scaffolds, coated with ECM pro-
teins, have been timely used, in animal model bladder
tissue engineering, as templates for urothelial/smooth
muscle cell seeding procedure, thus achieving a construct
endowed with effective structural and functional pro-
per such as particularly biodegradability, plasticity, com-
pliance (42, 43). In this regard, recent animal model
studies have shown that the stretched electrospun silk
fibroin matrix implantation can strongly promote blad-
der tissue regeneration with proper structure/function
features, in comparison with BAM (44).
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Bladder tissue engineering clinical applications

Essentials of various cell type source
for cell-seeded scaffolds

The bladder-shaped scaffold seeded with autologous
differentiated both urothelial and smooth muscle cells,
previously harvested from recipient host by surgical ma-
terial or biopsy sample and expanded in culture, still re-
mains the ideal option for bladder tissue engineering, gi-
ven that has the advantage of avoiding the tissue rejec-
tion and  immunosuppressive treatment-related adver-
se effects. Towards the opinion of poor sample healthy
cell availability given the frequent large host bladder tis-
sue disease, it has been verified  that the native tissue-
specific progenitor unipotent cells – able to self-renewal
and appropriate differentiation – may remain normal even
in occasion of diseased tissue (e.g., neuropathic bladder)
(5).

It has been recently shown that in vitro bladder graft
preparation by type-1 collagen substrate seeded with blad-
der mesenchymal cells, can even generate, when expo-
sed to urine, a physiologically pseudostratified urothe-
lium. Moreover, promising chances of cell-seeded blad-

der engineering may be achieved by the resort to pluri-
potent or multipotent stem cells (Table 2), capable of self-
renewal together with properly guided differentiation in
tissue-specific cell lineages, such as particularly both
urothelial and smooth muscle cells (13, 45-47).

Clinical validation of bladder tissue
engineering

Current clinically validated de novo bladder tissue en-
gineering approaches essentially consist of successful aug-
mentation cystoplasty, in patients suffering from neu-
rogenic/neuropathic bladder, by either using host au-
tologous mature urothelial/smooth muscle cells seeded
onto PGA-collagen composite 3D-scaffold – post-im-
plantation wisely covered with omental drap (40, 48) –
or resorting to SIS as acellular tissue matrix-based
scaffold to regenerate a functional bladder tissue (49).
Satisfactory outcomes of such above procedures have been
properly assessed by serial urodynamics, diagnostic
imaging (US, Xray, RM) and blood/urine laboratory te-
sts.

TABLE 2 - HUMAN STEM CELLS: TYPOLOGY-RELATED SPECIFIC FEATURES.

Naturally-derived stem cells

From embryo • Totipotent stem cells: identifying with the zigote and pertinent to earliest embryogenic phase
up to morula, are able to develop into all three germ cell layers together with also generating
extraembryonal structures such as placenta.

• Pluripotent stem cells: from the blastocyst to the end of embryogenic phase, are able to generate
all three germ cell layers whereas risultant ineffective to generate extraembryonal structures.

From foetus • Multipotent stem cells: as derived from different foetus tissues, they give rise to limited organ-
pertaining proper tissue-cells output. In this regard, also the amniotic fluid stem cells, as derived
from a developing foetus, are quite multipotent.

From adult • Multipotent stem cells to a limited extent: as derived from different adult tissues – such as bone
marrow, fat, skin, etc. – can generate limited mature cell-type lineages. Particularly, bone-
marrow includes two different stem cell populations, whose the one properly “hematopoietic”,
able to produce all blood cells, while the other, so-called “stromal-mesenchymal”,is effective to
generate bone-, cartilage-, fat- and connective cells.

• Unipotent stem cells: different stem cell types, placed in defined niches of each adult tissue,
show only tissue cell-specific differentiative potentials.

Laboratory procedure-achieved stem cells

• Resort to therapeutic cloning: mature somatic cell “nuclear transfer” to achieve production of 
autologous embryonic pluripotent stem cells.

• Resort to genetic reprogramming: retrovirus-mediated transfection of transcription factors (Oct 3/4,Sox2,c-Myc,M1f4, 
so-called “Yamanaka factors”(45), or Oct4,Sox2,Nanog,Lin28 without introducing, thanks to Thompson group (46), 
c--Myc oncogene) in adult differentiated somatic cells, to induce generation of autologous pluripotent stem cells (iPSC).
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With reference to other clinical contributions, the
bladder augmentation using an acellular biomatrix, as
a pilot experience in exstrophic bladder patients, unfor-
tunately failed to reach long-term effective outcomes, such
as satisfactory bladder capacity and compliance together
with urinary continence (50).

However, from recent literature reports it results that
BAM could be effectively used as a cell-seeded graft to
build “off the shelf ” replacement materials for aug-
mentation cystoplasty (17).

No clinical applications of wholly tissue engineered
neobladder, including trigone/vesical neck, has been so
far carried out to radical/reconstructive surgery for both
bladder malignancies and chronic inflammation-indu-
ced vesical coarctation (51). The related surgical alter-
native measures should be restricted to tissue enginee-
red urinary conduits that, though potentially directed to
avoid the bowel-based urinary conduit complications
meanwhile simplifying the Bricker’s operation related sur-
gical procedure, are unable to improve the quality of life,
similarly they needing urinary diversion-linked external
urine reservoir.

It follows that the auspicious foreseeable bladder tis-
sue engineered construct could in vivo consist of either
an orthotopic neobladder or, at least, a continent pou-
ch-based cutaneous urinary diversion.

Reliable difficulties about the bladder
tissue engineering clinical applications

Notwithstanding the great development of tissue en-
gineering technologies, current clinical applications are
unusual, many research challenges still remaining open
(13).

Reliable reasons why bladder tissue engineering cli-
nical applications so far are unusual, imply the signifi-
cant risk of possible  serious complications – particularly
graft ischemia, hence its both  fibrous contraction and
even worse perforation – obviously due to limited  post-
implanted graft vascularity (12, 13).

Only the resort to both graft de novo blood vessel
creation (vasculogenesis) and host existing vessel sprou-
ting promotion by proper angiogenic factors (angio-
genesis) may allow the effective vascular graft/host
inosculation, thus preventing such disagreeable com-
plications (12). It is resulting, indeed, from thorough

studies in animal models, that a properly structured graft
functional vascular network is essential, by suitable sup-
ply of oxygen and nutriens, for graft-host post-implant
integration and tissue engineered survival (9). In  this
regard, recent studies show that the use of  BAM allo-
grafts provided with VEGF (vascular endothelial
growth factor) - and bFGF (basic fibroblast growth fac-
tor) loated PLGA (polylactic-co-glycolic acid) nano-
particles can rapidly restore graft vascularization
meanwhile inhibiting contracture of regenerated blad-
der tissue in augmentation cystoplasties (10). What seems
to be also reached by incorporation of trophic growth
factors, among which VEGF and NGF, into cell see-
ded either BAM- or smart material-based scaffolds, lea-
ding to effective graft vascularization and innervation
(11, 16, 52).

On the basis of what above reported, let’s try to think
that scaffolds consisting of acellular tissue matrices, with
obviously ECM-natural polymer components, may
structurally mimic pertinent bladder native tissue  mi-
cro-architecture, better allowing the integration of graft
reconstructed vascular network with surrounding host
tissue vessels.

Conclusion

Although considerable advances have been made in
the field of tissue engineering technologies, however, as

far as the clinical applications are concerned, many
challenges still remain to reach a significant consistent
success.

Current research developments aim at deepening the
studies on“smart scaffold”preparation, nanotechnology
modalities, stem cell source biology, so that enhance the
bladder tissue engineering feasibility (1, 5, 52, 53).

In this regard, particularly a quickly achievement of
graft functional vascular network, to avoid ischemia-re-
lated serious complications, can provide timely solutions
for a tissue engineering bladder successful clinical im-
plementation (9, 12, 13).

Conflict of interest statement 

The Author declares that the research was conducted in
the absence of any potential conflict of interest.

1. Atala A, Murphy S. Regenerative medicine. JAMA. 2015;313(14):
1413-4. doi:10.1001/jama.2015.1492.

2. El-Taji OM, Khattak AQ, Hussain SA. Bladder reconstruction:the

past,present and future. Oncol Lett. 2015;10(1):3 -10. doi:ildrim
S,Iseri C,Kar 10.3892/ol.2015.3161.  

3. Senkul T, Yildrim S, Iseri C, Karademir K, Erden D, Baykal K.

References

2 Whyever ALBERTI.qxp_-  28/04/16  17:43  Pagina 10

@
 C

IC
 Ediz

ion
i In

ter
na

zio
na

li



11

Bladder tissue engineering clinical applications

Histopathologic changes in the mucosa of ileal orthotopic neo-
bladder findings in 24 patients followed up for 5 years. Scand
J Urol Nephrol. 2003;37(3):202-4.

4. Lane T, Shah J. Carcinoma following augmentation ileocysto-
plasty. Urol Int. 2000;64(1):31-2.

5. Atala A. Tissue engineering of human bladder. Br Med Bull 2011;
97(1): 81 - 104. doi: 10.1093/bmb/ldr 003.  

6. Gerharz EW, Turner WH, Kalble T, Woodhouse CRJ. Meta-
bolic and functional consequences of urinary reconstruction with
bowel, BJU Int. 2003;91(2):143-9.

7. Gilbert SM, Hensle T. Metabolic consequences and long-term
complications of enterocystoplasty in children. J Urol.
2005;173(4):339-47.

8. Alberti C. Metabolic and histological complications in ileal uri-
nary diversion: challenges of tissue technology to avoid them.
Eur Rev Med Pharmacol Sci. 2007;11(6):257-64.

9. Bae H, Puranik AS, Gauvin R, Edalat F, Carrillo-Conde B, Pep-
pas NA, Khamousseini A. Building vascular networks. Sci Tran-
sl Med. 2012;4(160):160ps23. doi:10.1126/scitransl-
med.3003688.

10. Jiang X, Lin H, Jiang D, et al. Co-delivery of VEGF and bFGF
via PLGA nanoparticle-modified BAM for effective contractu-
re inhibition of regenerated bladder tissue in rabbits. Sci Rep.
2016 Feb 8;6:20784. doi: 10.1038/5rep20784. 

11. Pokrywczynska M, Gubanska I, Drewa G, Drewa T. Applica-
tion of bladder acellular mattrix in urinary regeneration: the sta-
te of the art and future directions. Biomed Res Int. 2015:613439.
doi:10.1155/2015/613439.

12. Osborn SL, So M, Hambro S, Nolta JA, Kurzrock EA. Ino-
sculation of blood vessels allows early perfusion and vitality of
bladder grafts-implications for bioengineered bladder wall.
Tissue Eng Part A. 2015;21(11-12);1906-15. doi:
10.1089/ten.TEA.2014.0630.

13. Gill BC, Damaser M, Chermansky Ch J. Future perspectives in
bladder tissue engineering. Curr Bladder Dysfunct Rep.
2014;10(4):443-8. doi: 10.1007/s11884-015-0327-2.

14. Furth ME, Atala A. Producing organs in the laboratory. Curr
Urol Rep. 2008;9(6):433-6.

15. Piechota HJ, Dahms SE, Nunes LS, Dahiya R, Lue TF, Tana-
gho EA. In vitro functional properties of the rat bladder rege-
nerated by the bladder acellular matrix graft. J Urol.
1999;159(5):1717-24 .

16. Arenas-Herrera JE, Ko IK, Atala A, Yoo JJ. Decellularization for
whole organ bioengineering. Biomed Mater. 2013;8(1):014106.
doi: 10.1088/1748-6041/8/014106.

17. Song L, Murphy SV, Yang B, Xu Y, Zhang Y, Atala A. Bladder
acellular matrix and its application in bladder augmentation. Tis-
sue Eng Part B Rev. 2014;20(2):163-72. doi:
10.1089/ten.TEB.2013.0103.

18. Wangl Y, Liao L. Histologic and functional outcomes of small
intestine submucosa-regenerated bladder  tissue. BMC Urol.
2014;14:69.doi:10.1186/1471-2490-14-69.

19. Kropp BP, Cheng EY, Lin HK, Zhang Y. Reliable and repro-
ducible bladder regeneration using seeded distal small intestine
submucosa. J Urol. 2004;172:1710-3.

20. Adamowicz J, Komalczyk T, Drewa T. Tissue engineering of uri-
nary bladder: current state of art and future perspectives. Cent
Eur J Urol. 2013;66(2):202-6. doi: 10.5173/ceju.2013.02.art23.

21. Zhang Y. Bladder reconstruction by tissue engineering with or
without cells? J Urol. 2008;180(1):10-1. doi: 10.1016/j.uro2008.

22. Eberly D, Freitas FL, Atala A, Joo JJ. Composite scaffolds for
tissue engineering of hollow organs and tissues. Methods.
2009;47(2):109-15. doi: 10.1016/j.ymeth.2008.10.014.

23. Alberti C. Tissue engineering technologies: just a quick note about
transplantation of bioengineered donor trachea and augmenta-
tion cystoplasty by de novo engineered bladder tissue. G Chir.
2009;30(11):514-9.

24. Ferguson DR. Urothelial function. BJU Int. 1999;84(3):235-
42.

25. Zhang Y, Atala A. Urothelial cell culture: stratified urothelial sheet
and three-dimensional growth of urothelial structure. Methods
Mol Biol. 2013;945:383-99. doi: 10.1007/978-1-62703-125-
7_23.              

26. Langer R. Perspectives and challenges in tissue engineering and
regenerative medicine. Adv Mater. 2009;21(32):3235-6. doi:
10.1002/adma.200902589.

27. Ravichandram R, Sundarrajan S, Venugopal JR, Mukherjee S,
Ramakrishna S. Advances in polymeric systems for tissue engi-
neering and biomedical applications. Macromol Biosci.
2012;12(3):286-311. doi: 10.1002/mabi.201100325.  

28. Alberti C. About recent developments of synthetic polymers for
a suitable cell adhesion/growth support in tissue engineering-based
either augmentation cystoplasty or neobladder. Ann Ital Chir.
2014;85(4):309-316. pii: S0003469X14022842.

29. Hersel V, Dalmen C, Kessler H. RDG-modified polymers: bio-
materials for stimulated cell adhesion and beyond. Biomaterials.
2003;24(24):4385-4415.

30. Furth ME, Atala A, Van Dyke ME. Smart materials design for
tissue engineering and regenerative medicine. Biomaterial.
2007;28(34):5068-73.

31. Liu JC, Tirrel DA. Cell response to RDG density in cross-linked
artificial extracellular matrix protein films. Biomacromolecules.
2008;9(11):2284-8. doi: 10.1021/bm800469j.

32. Chun YW, Lim H, Webster TJ, Haberstroh KM. Nanostruc-
tured bladder tissue replacements. Wiley Interdiscip Rev Na-
nomed Nanobiotechnol. 2011;3(2):134-45. doi:10.1002/
wnan.89.

33. Guduru D, Niepel M, Vogel J, Groth T. Nanostructured ma-
terial surfaces,preparatio,effects on cellular behavior and potential
medical applications. Int J Artif Organs. 2011;34(10):963-85.
doi: 10.5301/ijao.5000012.

34. Chung BG, Lee KH, Khademhosseini A, Lee SH. Microfluidic
fabrication of microengineered hydrogels and their application
in tissue engineering. Lab Chip. 2012;12(1):45-59. doi:
10.1039/c1lc2059d.

35. Alberti C. Outlines on nanotechnologies applied to bladder tis-
sue engineering. G Chir. 2012;33(6):234-8.

36. Naji M, Rasouli J, Shakhssalim N, Dehghan MM, Soleimani M.
Supportive features of a new hybrid scaffold for urothelium. Arch
Med Sci. 2015;11(2):438-45. doi: 10.5114/aoms.2015.50977.

37. Del Gaudio C, Vianello A, Bellezza G, Maulà V, Sidoni A, Zuc-
chi A, et al. Evaluation of electrospun bioreasorbable scaffolds
for tissue engineered urinary bladder augmentation. Biomed Ma-
ter. 2013;8(4):045013. doi: 10.1088/1748-6041/8/4/045013.

38. Uchida N, Sivaraman S, Amoroso NJ, Wagner WR, Nishigu-
chi A, Matsusaki M, et al. Nanometer-sized extracellular matrix
coating on polymer-based scaffold for tissue engineering appli-
cations. J Biomed Mater Res. 2016;104(1):94-103. doi:
10.1002/jbm.a.35544.

39. Wei X, Li DB, Xu F, Wang Y, Zhu YC, Li H, Wang KJ. A no-
vel bioreactor to stimulate urinary bladder mechanical proper-

2 Whyever ALBERTI.qxp_-  28/04/16  17:43  Pagina 11

@
 C

IC
 Ediz

ion
i In

ter
na

zio
na

li



12

C. Alberti

ties ,compliance for bladder functional tissue engineering. Clin
Med J. 2011;124(4):568-73.

40. Yoo JJ, Olson J, Atala A, Kim B. Regenerative medicine strate-
gies for treating neurogenic bladder. Int Neurourol J.
2011;15(3):109-19. doi: 10.52113/inj.2011.15.3.109.      

41. Lin HK, Madihally SV, Palmer B, Frimberger D, Fung KM,
Kropp BP. Biomatrices for bladder reconstruction. Adv Drug
Deliv Rev. 2015;82-83:47-63. doi: 10.1016/j.addr.2014.11.020.

42. Tu DD, Chung YG, Gil ES, Seth A, Franck D, Cristofaro V,
et al. Bladder tissue  regeneration using acellular bi-layer silk
scaffold in large animal model of augmentation cystoplasty. Bio-
materials. 2013;34(34):8681-9. doi: 10.1016/j.biomaterial
2013.08.001.

43. Chung YG, Algarrahi K,Franck D, Tu DD, Adam RM, Kaplan
DL, et al. The use of bi-layer silk fibroin scaffolds and SIS to sup-
port bladder tissue regeneration in a rat model of spinal cord
injury. Biomaterials. 2014;35(26):7452-9. doi: 10.1016/j.bio-
materials.2014.05.044.

44. Huang JW, Xu YM, Li ZB, Murphy SV, Zhao W, et al. Tis-
sue performance of bladder following stretched electrospun silk
fibroin matrix and bladder acellular matrix implantation in a rab-
bit. J Biomed Mater Rec. 2016;104(1):9-16. doi:
10.1002/jbm.a.35535.

45. Okita K, Ichisaka T, Yamanaka S. Generation of germline-com-
petent induced pluripotent stem cells. Nature. 2007;448(7151):
313-7.

46. Moodley Y, Thompson P, Warburton D. Stem cells: a recapi-

tulation of development. Respirology. 2013;18(8):1167-76. doi:
10.1111/resp.12186. 

47. Snow-Lisy DC, Diaz EC, Bury MI, Fuller NJ, Hannick JH, Ah-
mad N, Sharma AK. The role of genetically modified mesen-
chymal stem cells in urinary bladder regeneration. PloS One.
2015;19(9):e0138643. doi: 10.1371/journal.pone.0138643.

48. Atala A, Bauer S, Soker S, Yoo J, Retik S. Tissue engineered au-
tologous bladders for patients needing cystoplasty. Lancet.
2006;367(95):1241-6.

49. Zhang F, Liao L. Tissue engineered cystoplasty augmentation
for treatment og neurogenic bladder using small intestine sub-
mucosa. J Urol. 2014;192(2):544-50. doi: 10.1016/j.uro.
2014.01.116.   

50. Caione P, Boldrini R, Salerno A, Nappo SG. Bladder augmen-
tation using acellular collagen biomatrix: a pilot experience in
exstrophic patients. Pediatr Surg Int. 2012;28(4):421-8. doi:
10.1007/500383--012-3063-0.

51. Alberti C. Tissue engineering as innovative chance for organ re-
placement in radical tumor surgery. Eur Rev Med Pharmacol Sci.
2013;17(5):624-31.

52. Horst M, Madduri S, Gobet R, Sulser T, Milleret V, Hall H,
et al. Engineering functional bladder tissues. J Tissue Eng Re-
gen Med. 2013;7(7):815-22. doi: 10.1002/term.547.

53. Bouhout S, Goulet F, Boldue S. A novel and faster method to
obtain a differentiated 3-dimensional tissue engineered bladder.
J Urol. 2015;194(3):834-41. doi: 10.1016/j.uro.2015.03.001.

2 Whyever ALBERTI.qxp_-  28/04/16  17:43  Pagina 12

@
 C

IC
 Ediz

ion
i In

ter
na

zio
na

li




