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Introduction: Recently, iatrogenic injuries have been the main cause of ureteral reconstruction.
The use of classical surgical treatments has not only introduced significant clinical issues.
Therefore, tissue engineering with culturing cells on scaffolds to reconstruct the ureter can relieve
these complications. The aim of this study was to identify an appropriate and effective method for
preparing a decellularized human ureter scaffold.

Materials & Methods: In the current work, three decellularization protocols were compared on
human ureter sections that were obtained under standard conditions from Imam Ali Hospital in
Zahedan. In protocol 1, 1% Triton X-100 was used; in the second protocol, 1% SDS (sodium
dodecyl sulfate) was used; and in protocol 3, detergents including 1% SDS and Triton X-100 were
used. The efficiency of each decellularization method was assessed on days 5 and 7 by using 4',6-
diamidino-2-phenylindole (DAPI) staining.

Results: Based on the DAPI staining results, the comparison of the decellularized human ureter
sections and non-decellularized ureter tissues indicated the removal of cell nuclei and preservation
of the extracellular matrix in all segments across all three decellularization protocols at all time
points. The elimination of cellular components was more pronounced in protocol 3 compared to
the other protocols. Moreover, in these protocols, day 7 was more effective in removing cell nuclei
and cellular components from the human ureter compared to day 5.

Conclusion: The findings of this study indicate that protocol 3 of decellularization on day 7 is a
more effective method than other protocols for producing natural human ureter scaffolds.
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Introduction

Ureteral reconstruction is still a major clinical
problem in urology, especially in patients with
congenital

iatrogenic  injuries,

microenvironment to support cell adhesion,
proliferation, and subsequent tissue regeneration (3).
Natural scaffolds from decellularized tissues
maintain the complex architecture of the

anomalies,  extracellular matrix (ECM), such as collagens,

inflammatory strictures, and malignant lesions (1).
Conventional surgical interventions such as bladder
flap, renal autotransplantation, and bowel
interposition have several limitations and
complications, including metabolic disturbances,
stone formation, and graft failure. In addition, the
shortage of donor tissues and the risk of
immunological complications also limit the clinical
application of allogeneic grafts (2). Tissue
engineering has become a promising strategy for

ureteral reconstruction, in which biomaterial
scaffolds provide a three-dimensional
© The Author(s)

elastin, laminins, and glycosaminoglycans, and
provide better biocompatibility and mechanical
integrity than synthetic polymers. Decellularization
methods use a cocktail of physical, chemical, and
enzymatic techniques to remove cellular and nuclear
components while maintaining the native ECM as
much as possible (4). Chemical agents such as Triton
X-100, a non-ionic detergent, and sodium dodecyl
sulfate (SDS), an ionic detergent, are usually used for
decellularization. However, individual use of these
detergents has shown limitations in achieving
complete cellular elimination while maintaining

Publisher: Ilam University of Medical Sciences

Journal of Ilam University of Medical Sciences, Volume 34, Issue 4, 2026


https://orcid.org/0009-0002-3878-208X
https://orcid.org/0000-0002-7831-8858
https://orcid.org/0009-0004-5070-5479
https://orcid.org/0000-0001-5987-6726

ECM structure, requiring the optimization of
decellularization protocols for different tissue types
(5). Here, the present study aimed to systematically
compare three decellularization protocols for human
ureteral tissue to identify the most effective protocol
that offers an optimal balance between cellular
removal and preservation of the native ECM.

Methods

This experimental study was conducted on 18
healthy human ureteral tissue segments, which were
obtained from patients referred to Imam Ali Hospital,
Zahedan, Iran, for clinically indicated surgical
procedures during 2022-2023. Samples were
transferred to the laboratory at 4°C in sterile
physiological saline and, after removal of connective
tissue, were cut into 10 X 10 X 1 mm? pieces. Sections
were randomly assigned to three decellularization
protocols (n = 6 each) and one control group (n = 6).
All specimens were physically disrupted by
immersion in liquid nitrogen (—196°C) for 2 min,
followed by immersion in distilled water for 5 min,
and then by washing in PBS at 37°C for 30 min.
Protocol 1 used 1% Triton X-100, Protocol 2 used
1% SDS, and Protocol 3 used sequential 1% SDS for
3 days and 1% Triton X-100 for 2 or 4 days. Samples
were kept on a shaker (200 rpm) at 4°C, and the
solution was changed daily. Decellularization
efficiency was evaluated by DAPI fluorescence
staining of 5-um paraffin sections on days 5 and 7
and observed under a fluorescence microscope
(Olympus, Japan). No statistical tests were
conducted, as outcomes were assessed qualitatively.

Results

Histological evaluation by DAPI fluorescence
staining showed that all three decellularization
protocols successfully removed cellular nuclei from
the human ureteral tissues compared to non-
decellularized control tissues, but the efficiency of
the individual methods was significantly different.
DAPI staining for Protocol 1 (1% Triton X-100)
showed scattered fluorescent signals at day 5,
indicating that the nuclear material was not fully
removed. Day 7 samples showed fewer residual
nuclei; however, decellularization was not complete.
Protocol 2 (1% SDS) resulted in a moderate
reduction of nuclear signals at both time points, with
some DAPI-positive nuclei remaining and efficiency
slightly lower than with Triton X-100. Protocol 3
(1% SDS sequentially for 3 days followed by 1%
Triton X-100) resulted in significantly better
decellularization. On day 5 specimens, a significant
reduction in nuclei was observed with only rare
residual signals, while day 7 specimens showed a
virtual absence of DAPI-positive nuclei in all tissue

sections, confirming effective removal of epithelial
and endothelial cell nuclei. In addition, the hybrid
strategy preserved the architecture of the
extracellular matrix with high fidelity, with a
preserved orientation of collagen fibers and a layered
structure similar to native tissues. Among the three
protocols compared, protocol 3 was the most
effective method on day 7, with complete removal of
cells and preservation of ECM integrity, followed by
protocol 1 and then protocol 2.

Conclusion

The results of this study indicate that
decellularization protocol 3 on day 7 is a better
method to produce natural human ureter scaffolds
than other protocols. The optimized approach
achieved 100% removal of cell nuclei while
preserving the ECM integrity. Future studies should
target recellularization of these scaffolds with
appropriate  cell  sources, assessment of
biomechanical properties and biocompatibility, and
functional performance in preclinical animal models.
In addition, long-term in vivo studies are
recommended to evaluate scaffold integration, tissue
regeneration, and functional results after
implantation.
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