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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

microenvironment to support cell adhesion,
proliferation, and subsequent tissue regeneration (3).

Ureteral reconstruction is still a major clinical ~ Natural scaffolds from decellularized tissues
problem in urology, especially in patients with  maintain the complex architecture of the

iatrogenic  injuries,

congenital

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
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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
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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.

Authors’ Contribution

Conceptualization, Methodology, Validation,
Resources, Supervision, Project Administration: FF,
MT, SS, Formal Analysis, Investigation, Software,
Data Curation, Visualization, Writing — Original
Draft Preparation, Writing — Review & Editing: MK,
FF, MT, SS.

Ethical Statement

This study was approved by the Ethics
Committee of Zahedan University of Medical
Sciences (Iran) (IR.ZAUMS.REC.1401.172). The
authors avoided data fabrication, falsification,
plagiarism, and misconduct.

Conflicts of Interest
The authors declare no conflict of interest.

Funding

This research resulted from a project which
carried out with the financial support of the Vice
President for Research and Technology, Zahedan
University of Medical Sciences.

Acknowledgment

The present article was extracted from the
M.Sc. thesis written by Mehdi Kheirandish. The
authors thank the all of participants and persons who
help in this project.

A Y
-

Journal of [lam University of Medical Sciences, Volume 34, Issue 4, 2026


https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

okl gefcl W 9 ods OlBeidla cdang

VOFY-FYYA 1 2l sbls
YOA-YI¥O: Sesg iSUl sbls

JIUMS

bl I (2 S 510 gl (19 ) S ghw gy V' Ao

TS e e T il Guee [T (I geon T ol el

Ot olal colaly (S p sk oltils ¢ (SCo oSl (5350 05,5
O‘J{‘ [RVS.N} ‘J@méﬁnﬁ C}LF a\i.i.}\: Léﬁzﬁ a&.ﬁb‘&j}b)ﬂ a}f?v
Ol Ol colaly (S o sk ol K231 (55515058 05,8

odus

Alio wledMb|

NS ol sa0ley3 3 aslizal tiles s o (g 5ba5b ol e Batee (K slacanT sl (sladl 53 1dodie
Ll 5 o S ilo3 S sl 1y sl Gl NS 565 0355 (S0l 5 S sy 51 ciin (slacds a1
G33L 5l B3 (555 W gl iS5l o3lil b 3l punilige (ol ol 6Bl 48l ol on 4 JolS 5 Slhee 3 50g0
el 135 shs a3 i Sl cmlin Jhg) Ctlid caddlas ol Gl o ST b 1) Lo )lse ol lg e
sl esls o 51, ad ghe JolS 5 sbas &5 55 Sl LI

Jeo Olal; e plal Ol sl 51215kl Lyl i 5 a8 Ll Il lsd ke g, Y candllas ol 55 il g595 9 g
p2te) SDS1% 31eY iy 53 . oslinul Aoy Triton X-100 1% b 5 51 ) L;)))A..\;_;J?A_..i\iarmb.c.\.& w
S a LIS s eslizad Triton X-100 1% 5 SDS1% oS 5 51 ¥ sy 53 s 8 eslizad (Ol g frws s
(DAPI (4, 6 diamidino-2-phenylindole) ., 4l ‘5}:‘Te§3) Sheslaal LY 50 Glajsy s lsidske leds,
35 s

Al slacily 5 oks sl35d g Sl o Dlalad aglin ¢ DAPL 50Ty s & ax 5L 1509 % Saidl
w,;\,&\;jd,uu;j,rfﬁgwsa‘,»ﬁg,p@u.w&u:um”g,uLguwg;x,‘,m@lg;d,u
sk Sl gn g badtn (ol )3V jgy Cpiomen 9 39 i S0 Gla LEay T Ea) 55 (ke ] ol ol 0L s Ol
230 5555 55 e o gll

aglin 3 (SDS1%+ Triton X-100) 1330 sboe xS 5 s 45 das oo D25 allan 11 slaacily (5 ™4 § Sy
(Sl A b Slacls W5 Sl s 5 S50 s S5 sl s b

Triton X-100 «old g Jrws 93 b ¢ 125 sk ¢ Ll - (Sl sely

oy e £

YRRV edl 50 G b
VEeO/ Y gl g9 b
VRO BN i gy B b

VPV 0 Ul & 56

1J o Ok 95
S e
r}-bb@légéjﬂx}zie};

Ol cOlualj colaly (Ko

Email:
shahrakis@zaums.ac.ir

S\F'OMQfJ@/uQJgf}lﬁo/f‘fJb@.Ou‘qbd\:bw)b;*fuﬁ‘)jd}w&j}f%&p.‘w;ﬁ‘gwﬁx‘?‘zwulfjcjjnbédl.b\éiém'

VY-S VE()

BY _NC Qlf.).;_m_isj © _n_];g&; fa)l.g_l L_s'i“")" f’?l‘ oKl :),.i':l.S


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
https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

b (Fan 5 G Samls & by () dea
Jol ab (gl () VY OY) sls kial 5 2l
oSy I eday (S5 LISL glbjdi
OIS 555 5 5 a5 1 5SIE ile (63 Shas 5 (65 L
G )13 .(VF) L jls ol (gutmans Hlst L &S5 g ditean
5 S oIt dsle ola S5 g 2805 oty ECM b
Ll 2 s b (g pdis A (ol L L alin S5
3550 S BT Glaldl (Lol gUl5 5 (09,5
S @ik g i ls ol MBS 15 5
@23dske sl rsy (10) L oo 48 e (slaily
G20 03 el gl 5 (S8 ot 5l S 5 el
Gy el le Gl slend slge S olend
338 ol Gy b laedysd 5 G sleedty 5
5 on 1S K gl Al Sileane 1y
GLOB ) 53 olaidshe gl bs) o icmbe luls
S3laiul gy b Cnl Hlsy e YL Coeal I Calies
Sl W dalsl (5Ll o (meb Slaca s 510015
23 ke ol gl olaidse sy op e 8L
D55 5 6810 balial oS53 (19) ol plonil b
Sl 9 Zdb ksl s iie HBT (6350 5 SDS 5 X-100
oy i 33 oyl 3 (oS 5 3l (sl 305 Ol |, ECM
23 HECM sl gy Laio 5 55 30 135 sk O
ooy adlas sl s (ol by (V) Sl 63 S
o s o Filin 415 5 0Ll L 1305k

.-\.lefgs‘u)jg;.:bL;th:,m.z)b()b;cj’.uy}lw)s\j

b w9y 9 .519.0
Sadlee b s gl b Olades Ay
e 4 8w eslizad Sl b ol glacand
Sz 0313 Shee 53 @i b g ) se 5 il sl le
1) ooslinal (slac Sl don pllas Sy s g okl
23l Ohlas 5 osliul 5 digw 4 456 S 55 LT
S 53¢ i il ) Gladl (sl 3l dabas VA . los 4
Ot s Obley Sl oy (S5 5d p o Sl
»aasa S s olaly S p e oBails oy

Aok

35 B OB LS sl 5 paS 4 a5 b o
ozl kg 5 36 oolee 5 OSKhe (K5 (Sam
32 G20 5 gy 055 55 55 el o S
Gl 48 8 3 am g 3y 90 SEL pwdige ( > Jles!
o5 Sl s s e ey OS5 L ke (V)
Lse gl 35 Cod a3l 5 ol glapltl
(V) LS o S5 sbin 3 315 e ¢ sk

WlS ala 1 oyl oy Calties Galand
S flgl o 53 elser abe 5 b
Sluls (! - oolsle slags,lual
ol gyl 25O ) dizs el Sl le 5 ot
N Ol w53 8 Oadwe dojler 3 i cdas
(el sla S5 dle 31 ()l (6l e sdate (slacs sl
4 el Lpe m bl s bk jald
S ol 53 il 55 1) (g ls 85 28 (g5luk
IS Dbn b ks G gy 5B L S50
55008 Olimman Lol €345 o o3zl Ollew 5l Oloys (s
ol 5 (F ) 505 s s Lsw (sl oS Ial il
45 Sl S50l 53 0 kis o [Se S5 S
syl 05l 500 0T e 5 051030 S 5 55 S5 e
e 3l gniliga S| ol (slao Sl ¢l b 45) Sl
sl glacil e Sy Sl sla ool il
V) s &1 1,

bdsle Jobe Ol gy 3l (pndige ol
25 S (S 1 ol s b S o Jos
flsl 5 3L g 55 (A Q) diled sl bad sk
S35 g eslinul (2 5ume) G g b Glaaw)ls
o jedls ¢ £ srmn Glaaw Iy Ll y5 odldioslizl ol 4o
o 0l or 1y ol S SIS, e Ty i
5 L1058 Sl 5 LBl s yls ol Ll 6V ) 5,
Ol 0> el sl 5 o 3050 U5 035 01 8 o o
Caawyls (V) des Clis L g (al>u‘ Sy

VEO g/ 3l (S pshe ol Al


https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

A Y
<

duw l2e

Jbos 31 535 V 5 0 Glaol) 5o sl wus 8
‘Jﬁa;’»mw,‘\m,xu@uaw@bp}h
() 65 5 slma PBS L ol ) Soke 4

PBS L ol e Solabas oY olsjdsle 5y
ke Lo )3 VL Oolabad 51 (o3l pupan €3S 03> gl
(355 0 L;,u?(u Y sy 4S) (SDS V) Sliwd Juws s
D5 S8 6y FOC los 3 baiges L3 S b
by o o (ole YF p e $pm Yoo) w5 S
sl JolS jsba esl & Sl b as o e
Sladsle 51555V 5 0 a0l s il Lws 8
‘JlaaﬂngUMj\mj.uu@uaw&\;jdju
) L3 § gla PBS Lol Y Socka

PBS U lunl b Slabsd ¥ b3 ske i)
55V Dde 4 Olabad I (ealdal e ¢S 01> giaud
A3 Ss s 2 ¥ OC Gl 55 SDS1% Jslows s
s dby e e Colu YF a 0T Sl e A 8
Vo Ode 4y o Slalad el o ol ol 31 g s 8
Jsloes 315 3L 5 Ll 05l 4id PBS J glows L a2ds
9555 Y St 40 55, bk gos Lt s 5 Triton X-100
Triton X-100 Jgk>es 53 59, F Sde a0V 59, slad sl
Lo 3l ot plonil Lo s god ol YF 2 8 81 3
T oS s d g slad sl 5155,V 50 SOk s
el ) St e DT it 5 63 5
YY) Ldé ygloe PBS

sl eddag b b s L))
Lug oddag laca)ls (glojdshe Ll b5
DAPI (55T Lo g o135 sk slais, 51 S5
A3 8

Ak gl bl e
o glacanyls ksl byl gy edsag
KoY olsidse gl by, il K- p b g oliag
o s 8 el e gladlej 53 DAPT (5TeS,
Jsloes) dops Vo ol b 5o Aol adise o) skt
e SRS o3l 513 Cele VY Sl 4 (STl

e 15,5 5 e oKl 3T & eyt 5 F°C (glos
Sl b (Slabd D) poas () st 35 Sl o3linal L adl-
ol bl dien 3L Y 5 Lk 03} 5, mm3 1X 10X 10
Oy gty ok Silala yl e €0A) L3 S It 0T
& Gl Al Dl N 1 o 505 5 Py ol
o Solalas Y €5 § gls3dshe V gy Sl ealizad
Olabs ¥ s 1550k ¥ By 3l o3lizad b &7 Ll
5 5 ol she ¥ i el L oS Ll L
03.5) 2135mdshe ) et O Sl Nl lalid F
e ¥ s Y ) sla 2a, LY LY (slacy § (uals
Lds
psbe ol Lagl b adlle oyl (ol 2
IR.ZAUMS.REC.1401.172 31 8™ L olsl; S 5

el okl

sk gl i ol Ll Solaas 15 s
b 5 (S5 Sl o g Sl el el 03 57
0313 it 555 o b s e bl > 8 oslin
°0) Ele O35 52 48 ¥ Soe 4y Lo gad g LS
93 4i85 0 Do 4 (OT I o 9 .,Uv\iajf);—do}é (CARY4
Sl ;3 PBS Ll yos comy Al jo y5.055 1 5 Jaze ST
osbiea (V4) Lus onls sdzad aids ¥ S 4 WV OC
SV b Sl Al Slalss ¢ as e ls g
ST,k o5 s 1S 5 b5 & sls50 sk 5
Slaksd ool 51 ol oyl oMl A& ) DAPI
Gl Sl ol g s a8 L s dals G ses Ol gea
a Aoy Vool gl oty o plia il Sladlae
Las 5 e Cel VY Soe
PBS b Il - Solabas 1\ lsjdshe s,
055 5 Ao 33V b Olabad 31 (631daS o 6B 0303 sl
(354 00 L;,ufru V sy ) X-100 (%1 T X-100)
N Ss 605 FOC los 55 baiges ity 5 ) slovs
by b (ol YF a a ¢apm Yor) w S

idske el jsba sl 7 Sl b as o g


https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

ABEI Sl tlBEl Law g DLl L
i ) K b s sdiag ad gl
e sa0be; ;5 DAPI (65T, ¥ 5 Y ) ols 3 sk
Al (V50 sla )
o b s,y DAPL (¢50TeK,
Jlasl 5 J gl sLié 51 ) 5o UDAPL 6K tobiags Sl
Ol 3 I Sauss s Culs DNA la-J S5 4
L bas wdiag bl 5o Sybe ase
g a oy Ol y3 TS5 4 iy b Sy o
355 al3idshe Lulp Aol shten 05T, ol 3
;Ju il L Sl o b (glaanls s s
hlie b5 8 alis (U787 (slaog ) ot gl 5 sbu
4 by DAPL Couygh &5 L odiis;ules,
GaoV 90 ik s sdiag Sl Ll lalaw yls
Ol Y 6ol S8 53 (V ) 052 5 b Sopslomn 3l
Sl Al glacasyls Hs ol Ol @t} A esls
b oawlas 5o sdiicys bla slusd (O 5 dow g oddag
S8 el (ST 05 5) o gl s - il
03 Glawan Slee 9 e I (gold Cod L g oS
ek b ls j3 bad o sl 2l .ol e 1
bawslin 53V gy Law g V 555 50 eddiag Sl -

J:':.“:': ‘b J)) J" °"\":4':€J @L‘*’l \-‘-“" &_J? Lshg;.m:)b )J

.Jﬁ

Control

B b5 w55 el 3L 5 oslined b (5,8 NG
() b w53, Sn B Sl 5 0 55 S

DAPI &5y DAPI Ciy 4 6555 L (6 50T
355 o d e dias 13 DNA i Oud Obles o
s S b s eliag (blis 53 S)sbay
candllan ) 55 oot Ol ys T K05 4 i 5l
S ))3 55 42 355 gony 5 (61 DAPI (6 50T
o 3Ll ok gl il o
Gy (1) w3 B oslizad (J S 05 %) ol gl 3 sk
¥ oa L g odiag o ab slaca,ls (55T,
Sl men 5 Kide Glajs, oo ghide i)
oo s slaes 8 edi olaidshe
P35 Dy Lo g 23T 5 5k B Lo s 10508000
VPP R K F Jr NSTPHETY.JUNVPRINS PN P-H
3l enlizal b s €3 oliiags Na2HPO4 5 sl Szl
A 655 DAPL K5, 345335 Jghoes 1o b &S ¢ has
Sl bapY A 03ls 13 aipai 6y oY 5 anyy phade
o dT fb 0905 i85 11210 Se 4 (55T
Gl p oS 5 odalin (gl (ulgys 5 Ll edomy
(Olympus, Japan) Ciwysh oSy oo | ccblfu
AYF) a5 § oslizal

R Sasl
Ls\hgl.m{)\é &‘JJJ}L»‘ ‘S\AL;:)) &‘)K PP

00L-X1

l33dske 51 i 1 oladl Sl 3L DAPL A (65076, Lo sl LIl 5L 3 glsdsbe ) s o) (s n) 8ol o

C.7 555,0sdbag Ao slaan)ls B etlosalin b6 oy g T bl &y ot DAPL (50T, b ko (sladian 457 das o OLES

s g OLES 1y o gl s OIS (UM B¢ Lula) XFr v LS5 L0 5 baws ols3d ke ) s s

oled IS8 55 oY 55,) SDS b oy sloes 51 s 555V 5

25 Slaa sl 5 d sl sl 2als s esls Ol Y

DAPI C_Jw:)}lﬁ &J \J AMLQJ:AT&J dol.fu

0 ol ys eddag Slil Ll glacuu s 4 by 0

VEO g/ 3l (S pshe ol Al


https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

Ay
D

duw l2e

e OLdl Ll e Syl Ay ol sk 55,V

64»34:.63 Lfl'w'" g_J‘:- ‘ﬁ..la L;Lac,.wjl: )b ‘5‘}1.«' g_.}v\:-
Sl Al b lacuyls b awlis )5V 5y, 5o

Dy s B 595 53 edbag

Control

b deslis 53 SDS Law g ot  slusl Lo (glaann sl
sasilis (J S 09,8) el glsidsbe e ZdL

%L SAs

1335k 3 i 1 0l - 236 DAPL A (50T ) Jaw g Slasl Ll 3L 53 o33 sk Y (2ay o187 oy T8 ol S

C.7 55550 5ddag b glacus,ls B clledalin b Cuw, b T bls &) 500 DAPI dkﬁT&)l{u’J}thMs\f.ﬁ;@;)w

s a 0L 1y g ks fs LOISS (UM 0 lin) XFr v LS5 L SDS b s 1530 sk 51wy s

Spn 5 Uadsho 3o pn oo b o o7 ol ok _g 15 sk
Wl ol gy GOk dea s bl yls 5 (gl
Ui L 6 o B Sy 53 Jke ea Sl sl

o3 S odalin Jsha a2V 59 03 (gl id e b

Control

BYRRRV-IS S S PG P i JI - (S

\) (SDSI%"‘TI'itOHX-lOO)“u:}J J@»}}'V}ﬁ L;LA)'})
sdist s bli 555 a3 o OLis DAPL Sy ol 6555 L
53 QW sl 5 JUs o slad sl frn O Sbles T

o Gl b awslin 55 oddag b ol

7d

C

00L-XL +%L SAs

l3dsbe 31 i 1 oladl Sl 3L DAPL A (650765, Lo 5 ladl LIl 5L 3 ols3dhe ¥ 2ay o) ) ¥ 8 lods o

C.7 55550 5ddag b Glacus,ls B clledalin o6 Zuw, b T bls &) 500 DAPI GHT&)QJ}LnLghMSM:@QLx

s oo OLES 1y bad sl e O, (UM B+ plia) XFo v LieS 5 b 0 5 5 SDS baw s o153 she 31 G S35

Sl s59) 21330 sk (Y9) s S wkige 5wl
OT Cods 5 Sl ECM 51 i ks (o )ls &g
3335 30 6l Lad (o e 53 5 Jghes 31 g0 S o
ol OIS 520T5 SIS 5 Y S el ECM
e Ol 5 olasd sl Aol 3 5 eddeslaiul sl iy

(YY) Sl S glize 3L 5 s o7 b T

S 5 dm 9 Lo
&Sl{,\sﬁ‘;tﬂu&\aﬂf&i\@@.}:g
B LBl wdign el 0kt (5 b geie OB LS Il
(Y0) Gl 43§ 13 4 g5 3,50 L Sloys sla_is,
3 Shes g 5 o skt s slacy Sl oL
SN s Sl wkige Colal 1SS s il
Qf) aw Ay J.A‘}G 9 J}Lw LC_M«.:)L\ ol L;;-L-')L


https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

313 015 anlllan s A oslizal &K b 4155 sk
3lg0 b duglio 53 (Ko o Jghos 5l g0 Codm )3 03 5
Olalie oyl ey 53 (M) Sl 03y S50 ¢ K0
03 S L S p (loky 5 Triton X-100 &8 =8 Ol 5 e
LgLMiY BY) @j}).{.& sl s .,Gly“da &Sl Lg.]é
5 A A Gy S L s AT e | (s
slad 03 S S g ol & 055 o
2 OV YD 350 mie ol g 3150 LS 5 e
oukiy o 63ka -y g Triton X-100 &8 wlosls ol Solalllae
LSle La(a\gb'l S 8l 21555k Jolse ple b awslie 5o
NF) Sl S S 5355 5 5T (slacom 53 clabol; dS”
1 Triton X-100 45" Wlesls i1 8 Slallls Lo Lol (YY
Ol Sl dorjl 3L (S5 55 (nd Jsho
SDS pioman €(YF OFF) 305 5 5 455 lacS, kS
5 A4S o o gbs 1y LS (S b s S Olses
Aol s lep Jo b Glans 5 ol s glalis
il 93 Y yane o 355 g0 o5 fn (S0l slad sl 03
S sl 31> 0L SDS (¥D) 55 5 s o3zl 5155 s
02 5 sl Fp5e ey gl Slge ple S (Jsbe 5 5o
> bl enS o o 1y gDy g 5 Slaes glalis
35 BOM & (6 o ol (S 8 laocky 55 b as e
3Bl & Sllas 53 cpmmen (FD FP) 55le
ol otoslizul o153 sl 5, SDS 5 Triton X-100
el 0do3ls OLas bl ols3d s s OT 38 5l 6T
b s 93 S 5l ol Al 5o (e s
o3lizel ECM ,lstbe Lai> Lol jon 530 o155 sk (sl
V) “\Pf
SDS i el ¢ i Soladllae b et ¥ 555 o
Triton | e 5 Jsho laazen & Cod ¢l 1%
se¢ 3 ECM lsle 035 J& ), X-100 1%
Salayls o s o3lital dshe 4 (620358
alin SuSG b 555 V5 0 Saoljsde 53 ediag
o S8l e sl 235 se ey b L S
& 313 DL DAPT (6 5T 5 s 3 55 (3l Sl

A Gl @l Dlads e (2135 ke
(s claans ;3. (VY OVF) 35 aelsl (b 5 (3 9ol Olimos
Ll SUle L= glsidshe 6l godate Olallas
Sl ool K 5 (Y4) oS «(YA) a5 5
o sl alssd e e glaisy glulis (F)
5 AS Oode oS sbas 1y Jol slse Wil & Sl
3 iy pamia 5l s BCM a0 S )USS el 5
(Ot Slalllae 53 Sl (G50 bled L 1) OT
b O3gdn oy &S 4 Gl o o135 ke
el Lais 5 lad sk Cod (Triton X-107Y 5 SDS 2%
5L 6l il dalllae 3 (YY) 313 OLES |y LIl Sl
5 wen JlST Bl sl gl sl rs ol
e Sl e e K b wenys 5 Sk sl
pli s 2S5 Wl oS Sl - b il
@idsbe Gy aw S Sole 1) ool glad s
A Ao lae

L g Ol - Oladas sl 5d s N 59y s
S5 T5) b e oal 03 s 8 el X-100 0 3 5
ooV 50 ko) 5o Cwdl g O gy 5 oS sl Olis DAPI
G s ool Sl o Slalsd 3 1y 1350 s
A sl gy (gl G gl 5d sl Ol

sislizal 1530 s ¥ 25y S 3l Ol gl
0 Pl slhaa slaw Al ys @l ol s
o Sl 4 i il A ah Slai s
ARl pesde sy se (S 05 F) Ol b
SV 555 53 eddiangs Ll (Sla s 55 bad shos sltns
s s cjiis G 33l Ol (g i 2alS W gy a
Gl Ol Y 3 Y G by, bey sdiag lacaw,ls
o lacals s olisys T bli sl _zals
b Gatasyls 5EO Jsy) Oy bws ediag
sddalllan sla0le} dan y3 (Y 33,) SDS Ly sdiag
Yooh Jlo s 0L 5 b oS (glandlae 3 3 p 2w
Oguy Jolo Calizes plsjd s gy B 51 clisls el

Gl W ) gty s 5 5 SIS S 8 SDS

VEO o /o2l (S e oSl alone


https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

=

duw l2e

a9 boopl ol 6 4 Ol Ll 8L gl s Cod-
Triton X-100 5 SDS .S 5 s, caslllas oyl zb
St Ol Al I35 sh (6l e B Ol ey
..L“»:Jf

G g P ol Loadbe
b b s Sl a5 ateny (o155 s
3SDS 1% (oS 5 oy equl 4 45 b b plol LI
5 Olgea 55,V Olcods 45 (¥ is,) Triton X-100
(58 bl adlss ol 55 glsidsbe 6l Sl
2315 o G ol B VL sl @ a5 Ll
Wy 5 Olsl - 3L pundige T 0y 4 6555 50T
S SS e 3 Shas b sl
SOl ol

S iags ol o3 oS S 3 s
Ler 353 (65 o (5l 1y e 0 sl (5,8l
Ssh g GI5yA8 ks S
Ble o

b anlllae oyl 516 obln 2l et O i 5
Wl o ool ka3 (S ke ol o e
OIS o

oKils M S 4ol 5 Syl L e )
M| iy L Oldal; iy o e
«Zeal 05 il IR ZAUMS.REC. 1401.172
S colo>

Sy pe oty Jlo Colem b adlas !
Ll 0k plonil Ol
Qb W g8 o5 5le

cpbie (amiaslzel (Wl Say (ilep sete
(5 sgemme (( QOB Gl b ey, o ple 5 Oyl
S A o

(S cwsn 5 G (T ey o
1) Siluygan daesls Sy e 5 (55578 ol ple
5 s kel st S b lsse 5 sl
3gemme (hSB Al e i 2le Rl

(S A e IS 5

5 (SDS1% + Triton X-100) ols;dsbe oS 5 s
5 Gt Sadn Ol S50 55ba G,V 50 ok
Ll sl s ls cpl 53 9 303 el 1) s sl
oA e gl s e o 3L L anslin ) Ol
2V 555 55 Ssbe Sl Gl (il 6, Sk
3 g oddplonil 2 595 )3 ekdag (Gl ls b s e
53 0Ken 56Kl ol dalllan (glaasl b suan

bl Jsbr Ogy (oo yls &8 isls oL Yo ¥y JLa
e se L SDS 5055 5 Jold (o5 5 o) S Sl ealined
O3 e anlllan oyl sl 3 8 agr K sla Sl |
ol 536 ks G I Las s j5 S5 g, sl
s o153 b sla Il 51 oS ) sbas |y Jsho (slaasaa
widske sy aw 0LSKer 5 gls (F9) uST Ol
¢ Triton 5 SDS S 5 O Jolo XKoo
SDS L &jsloms 5 (ol Triton X-100 L &) slous
DAPI (65T, s S auylia o2l 1) olese 0.5%
315 0L |y 6K Lo (gl s 55 Jsho (sladios 3 43
ot OUT S ik a8 (S5 055y gy o5 oS
S Slllas j3 e (V) 55 Lol dalllas glaasl L
ehidske &l SDS 5 Triton X-100 I <&l
sl olsidsbe  LOT 3 sab HBT (sl otiioslizul
Soglae gy opkize 3l sl dadllas 5 (YY) Adesls LS
Sl L Lol per S0 glsjdhe 4 gblws sl
Cabses gla sy 5 3lpe L .35 sl ECM
Wl 6l plil 1 8L 51 Jgh s 015 on (1350 ke
5 A Lo [ ECM S 5 Gl oS Calises ol g2
AP Wles 3L 3l s Sk sladian 5 1! 3l (s lutia
ol o lalon eddpbel Dlllae 4 5 L
Colal gl oLl o il Slsid ke Eas cp e
@l L8l 5w e g LS ol sy SOl el
¥ dolis I ey ¢ 35S dlllas 53 dleds IS ik
S 5 e S w3 S adalie 153 ke Cakiee
ol Slalllas b guwas (¥ i) Triton X-100 5 SDS

[~ o ol M\}S’ (Lilodi (al>u‘ Calides QU}? BE) ny


https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

References

1.

10.

11.

12.

Orabi H, Bouhout S, Morissette A, Rousseau
A, Chabaud S, Bolduc S. Tissue engineering of
urinary bladder and urethra: advances from
bench to patients. ScientificWorldJournal.
2013;2013:154564. doi:
10.1155/2013/154564.

Lee SJ. Cytokine delivery and tissue
engineering. Yonsei Med J . 2000;41(6):704-
19. doi: 10.3349/ym;j.2000.41.6.704.

Park KD, Kwon IK, Kim YH. Tissue
engineering of urinary organs. Yonsei Med J.
2000; 41:780-8. doi:
10.3349/ym;j.2000.41.6.780.

Orbay H, Tobita M, Mizuno H. Mesenchymal
stem cells isolated from adipose and other
tissues: basic biological properties and clinical
applications.  Stem  Cells Int. 2012;
2012:461718. doi: 10.1155/2012/461718.
Davis N, Cunnane E, O'brien F, Mulvihill J,
Walsh M. Tissue engineered extracellular
matrices (ECMs) in urology: Evolution and
future directions. Surgeon. 2018;16:55-65. doi:
10.1016/j.surge.2017.07.002.

Kloskowski T, Kowalczyk T, Nowacki M,
Drewa T. Tissue engineering and ureter
regeneration: is it possible? Int J Artifl Organs.
2013;36:392-405. doi: 10.5301/ijao.5000130.
Janke HP, de Jonge PK, Feitz WF, Oosterwijk
E. Reconstruction strategies of the ureter and
urinary diversion using tissue engineering
approaches. Tissue Eng Part B Rev.
2019;25:237-48. doi:
10.1089/ten. TEB.2018.0345.

Lee GY, Kenny PA, Lee EH, Bissell MIJ.
Three-dimensional culture models of normal
and malignant breast epithelial cells. Nat
Methods. 2007;4:359-65. doi:
10.1038/nmeth1015.

Zhao P, Gu H, Mi H, Rao C, Fu J, Turng L-s.
Fabrication of scaffolds in tissue engineering;:
A review. Front Mech Eng. 2018;13:107-19.
Atala A. Regenerative medicine strategies. J
Pediatr Surg. 2012;47:17-28. doi:
10.1016/j.jpedsurg.2011.10.013.

Yang Q, Peng J, Guo Q, Huang J, Zhang L,
Yao J, et al. A cartilage ECM-derived 3-D
porous acellular matrix scaffold for in vivo
cartilage tissue engineering with PKH26-
labeled chondrogenic bone marrow-derived
mesenchymal stem cells. Biomaterials.
2008;29:2378-87. doi:
10.1016/j.biomaterials.2008.01.037.

Xiao S-w, Wang P-c, Fu W-j, Wang Z-x, Li G,
Zhang X. Novel perfusion-decellularized
method to prepare decellularized ureters for
ureteral tissue-engineered repair. J Biosci
Bioeng. 2016;122:758-64. doi:
10.1016/j.jbiosc.2016.06.009.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zhang Y, Yoo JJ, Atala A. Tissue engineering:
bladder and urethra. Principles of Tissue
Engineering. 2020:845-62. doi:
10.1016/B978-0-12-818422-6.00048-4
Badylak SF, Taylor D, Uygun K. Whole-organ
tissue engineering: decellularization and
recellularization of three-dimensional matrix
scaffolds. Annu Rev Biomed Eng. 2011;13:27-
53. doi:10.1146/annurev-bioeng-071910-
124743.

Reing JE, Zhang L, Myers-Irvin J, Cordero
KE, Freytes DO, Heber-Katz E, et al
Degradation products of extracellular matrix
affect cell migration and proliferation. Tissue
Eng Part A. 2009;15:605-14.  doi:
10.1089/ten.tea.2007.0425.

Badylak SF, Freytes DO, Gilbert TW.
Extracellular matrix as a biological scaffold
material: structure and function. Acta
Biomater. 2009;5:1-13. doi:
10.1016/j.actbio.2008.09.013.

Guruswamy Damodaran R, Vermette P. Tissue
and organ decellularization in regenerative
medicine. Biotechnol Prog. 2018;34:1494-
505. doi: 10.1002/btpr.2699. Epub 2018 Oct 8.
Choi SH, Chun SY, Chae SY, Kim JR, Oh SH,
Chung SK, et al. Development of a porcine
renal extracellular matrix scaffold as a
platform for kidney regeneration. J Biomed
Mater Res A. 2015;103:1391-403. doi:
10.1002/jbm.a.35274.

Rafighdoust A, Shahri NM, Baharara J.
Decellularized kidney in the presence of
chondroitin sulfate as a natural 3D scaffold for
stem cells. Iran J Basic Med Sci. 2015;18:788.
Narita Y, Kagami H, Matsunuma H, Murase Y,
Ueda M, Ueda Y. Decellularized ureter for
tissue-engineered small-caliber vascular graft.
J Artif Organs. 2008;11:91-9.  doi:
10.1007/s10047-008-0407-6.

Koch H, Hammer N, Ossmann S, Schierle K,
Sack U, Hofmann J, et al. Tissue engineering
of ureteral grafts: preparation of biocompatible
crosslinked ureteral scaffolds of porcine
origin. Front Bioeng Biotechnol. 2015;3:89.
doi: 10.3389/fbioe.2015.00089.

Sabetkish S, Sabetkish N, Kajbafzadeh A-M.
Regeneration of muscular wall of the bladder
using a ureter matrix graft as a scaffold.
Biotech Histochem. 2022;97:207-14. doi:
10.1080/10520295.2021.1931448.

Yang Y, Huang H, Li L, Yang Y. Multiplex
Immunohistochemistry Staining for Paraffin-
embedded lung cancer tissue. J Vis Exp.
2023;(201). doi: 10.3791/65850.

Kajbafzadeh A-M, Javan-Farazmand N,
Monajemzadeh M, Baghayee A. Determining
the optimal decellularization and sterilization
protocol for preparing a tissue scaffold of a
human-sized liver tissue. Tissue Eng Part C
Methods. 2013;19:642-51. doi:

VEO o /o2l (S e oSl alone


https://sjimu.medilam.ac.ir/article-1-8877-en.html

[ Downloaded from sjimu.medilam.ac.ir on 2026-09-26 ]

<
4

duw l2e

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

10.1089/ten.TEC.2012.0334. Epub 2013 Feb
14.

Kuniakova M, Klein M, Galfiova P,
Csobonyeiova M, Feitscherova C, Polak S, et
al. Decellularization of the human urethra for
tissue engineering applications. Exp Biol Med
(Maywood). 2023;248:1034-42.  doi:
10.1177/15353702231162092.

Eberli D, Atala A. Tissue engineering using
adult stem cells. Methods Enzymol.
2006;420:287-302.  doi:  10.1016/S0076-
6879(06)20013-2.

Gilbert TW, Sellaro TL, Badylak SF.
Decellularization of tissues and organs.
Biomaterials. 2006;27:3675-83.
doi:10.1016/j.biomaterials.2006.02.014.
Simdes IN, Vale P, Soker S, Atala A, Keller D,
Noiva R, et al. Acellular urethra bioscaffold:
decellularization of whole urethras for tissue
engineering applications. Sci Rep.
2017;7:41934. doi: 10.1038/srep41934.
Gilbert TW, Sellaro TL, Badylak SF.
Decellularization of tissues and organs.
Biomaterials . 2006;27:3675-83.  doi:
10.1016/j.biomaterials.2006.02.014.

Ross EA, Abrahamson DR, St. John P, Clapp
WL, Williams MJ, Terada N, et al. Mouse stem
cells seeded into decellularized rat kidney
scaffolds endothelialize and remodel basement
membranes. Organogenesis. 2012;8:49-55.
doi: 10.4161/0rg.20209. Epub 2012 Apr 1.
Narita Y, Kagami H, Matsunuma H, Murase Y,
Ueda M, Ueda Y. Decellularized ureter for
tissue-engineered small-caliber vascular graft.
J Artif Organs. 2008;11:91-9. doi:
10.1007/s10047-008-0407-6.

Crapo PM, Gilbert TW, Badylak SF. An
overview of tissue and whole organ
decellularization  processes. Biomaterials.
2011;32:3233-43.
doi:10.1016/j.biomaterials.2011.01.057.
XuY, FuW, Wang Z, Li G, Zhang X. A tissue-
specific scaffold for tissue engineering-based
ureteral reconstruction. PLoS One.
2015;10:0120244.
doi:10.1371/journal.pone.0120244.

de Haan MIJ, Witjas FM, Engelse MA,
Rabelink TJ. Have we hit a wall with whole
kidney decellularization and recellularization:
A review. Curr Opin in Biomed Eng.
2021;20:100335.
doi:10.1016/j.cobme.2021.100335.

Yamada KM, Even-Ram S. Integrin regulation
of growth factor receptors. Nat cell Biol.
2002;4:E75-E6. doi:10.1038/ncb0402-¢75.
Wang P, Xiao S, Fu W, Wang Z, Zhang X,
editors. A preliminary study on the promotion
of canine adipose-derived stem cell
differentiation by perfusion-decellularized
ureter matrix. Transplant Proc. 2021;53:2052-
59. doi: 10.1016/j.transproceed.2021.06.008.

37. de Jonge P, Simaioforidis V, Geutjes P,

Oosterwijk E, Feitz W. Ureteral reconstruction
with reinforced collagen scaffolds in a porcine
model. J Tissue Eng Regen Med. 2018;12:80-
8. doi: 10.1002/term.2366. Epub 2017 Jun 7.


https://sjimu.medilam.ac.ir/article-1-8877-en.html
http://www.tcpdf.org

