[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

sy Th alabys
d"'Ju G‘J’ é&ﬂ—cm&u am‘g};
wﬂ.ﬁx-'—uw ' J.q.&ﬁ "éLon d‘;&‘.\.@ Sleds 9 éﬁ:ﬁ r}lﬁ &5l
QY _
\\\§1\a}/’/ (\Ya0 6’-’)3‘) QY VY abp O o led ‘V.h.:jj Jl
Iran South Med J 2016; 19(5): 902-911

Sl b ki oot 45 g 51 39 91 39 0 3w 31 03Ut

*
\
IS S
b';_’,‘ ‘Jé":‘ﬁ “Jé":'}'-’ u.(..’l-z f}lﬁ Ksls ;u—t)u@.li ‘,5—3';; e ) r}.\.ﬁ am‘;}‘ ;‘_J.ajuch,' uﬁ.Ll)" ‘5)‘5\;5&1«--1)' Q@:ﬁ }Sf‘

QOVIY (i 5 dy —80/0/F 14las 3L 55)

0 LS

-

1 Ol Bloys g e 2l (8L gl (K 1o sladsl @S ladisn sl plondl b (633 V47 5 1400 was 5
AT ol 2,158 5 (el oS O sS w (slagyls 5l aslitul 5 Kism (5350 5 sml ol 4 55 b Ll LS 05 (530bs 5 (508 2\
S5 1 ) Sladle 3 i et 4 ik e o T S e e (A4S (5 B0 5 kS 2518 b Ol
Sols 355 w54 55 s ol el S el 485 5s 1y Lsb b i BT5L (S8 ply ok (63 5095 sk b 2l Ko 53
ol (Kas c253 05l il (255 gz an 53 a7 ol S Ul 4 4z s L Ll AL s s o e Sy 5 LN
3 0Ll &l LIS sladisT 3 555 2 et e 3l ol s 23l (S by nl 3 spmse el Sl sl Ol
3 Wl S cpl el 3] cal LS 35 el cpl i S ke SacS a5 s 35ms 5 (s 05 3 5 g IS

el DLl &S 1150 5 (b g alys o b S eslinad O3 as SKily 45 das a1 15 (Sl

28 ek iy B0 K55 (2l 5alS alesl & M 5 53dls Olsles 1S O 51

J._)-i‘ njé_.ufsj@,‘.::‘y‘;,wﬂ f}lpa@bcuw)ta@l;‘- o)/"“:’)i Q«%}C}lﬁa&u}}i‘uﬂ)lé@lﬁdkijadjjwwj QL&:EPU;JAEJP‘}J

Email: mehdimpr@gmail.com


http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

Q0¥ Sy b s 0Lt adS a5 5L s abys oyl 31 eslizal

)_,.;.:‘,w

Lol (ool oS mazr (ol 5 2leBl Sla i
S bt sl S o 5 WS S5 G5 e
S LU e Slogar 2,8 . JSS
L,S o I3 e Olss s kS Wg sl
sSkes b il Jie g5 Y25 w e
(V) 25 0 adS 5o gline G550 50 50

by Sl el > S pbade (S5 5ba
Lite Bl Sl a8 o 15 eslinal 5550 i 3150
S e boail Slsme b Sl il
(Native Cell) Gos il 5 5 55 355 30 slad J
L Bd 51l ol sadgbe g5 51 L
a8 ks s ool slad she ans aw 513
LT 015 o o8 ol il g3l (slad sl T aar
om0l gl sae 4503 5L 5 55 50 sl 55 511,
(F5Y) sl

4S5l el 1o (gobey sad s ¢ Sls sladds s
5 del Sygs, Activin A U cou ol
bone  morphogenetic  protein-7(BMP-7)
R oy ok s g Llis
S,k Olge 4 paired box gene 2 (PAX-2)
S bl ladsha L o 8 by 053550
Lawsssy 52 Vb by v 55 &S WT-1 !
J sl SHl Olge 4 Cadherin-6 (ool 5 50
35 el poosse 5> S LIM-L 5 s ooy
(0) Lo 1ls 1y wayls

Julzol bl can Wlosls olis s Slalas
el 035 o 5San SlilB (5l agr I S 3
b Ll Sl Cailas 5 ilawss sy o
5 6ESS kB lls 5 35 (dedifferentiation)
() Ldlo Ml o laciwsnsy 4 ple o
s sdde balie s badle ol dor s

4o e
sl Dled 53 65l Glaggslen 4 Sie Oljles
g pie G SOl Sl Sl S Wiy Gl
Lsm sl cslyse ipm S5 1A0F Jlu s s
L SSs ol 5ol G5l Gliss G ) als
(53en 70 ans sl 53 lader (1) 515 plosl ok 50
Sl b analy 8 03 SO SHL adS Ly Jos s
S Ly cpl ol el s 35 4 sline (K55
s 2 S5 sm) dshe  ade OF il
Oloys g S 5alS Oblas (Sl Gl Sloso
ool Ol bl s Bl 3528 OUT (g len sl
Loy slagls ool oSST jopasta 35l ) 555
3y Sl Sl oliS g A 5 sl b
g (S A OIatils B A3 o Al e
Sleod Sy Ll (65l ann g 5 A S
oAt S S eS LT s S Sl

S e T BRI =X 3
S S S35 5 0 Ses 3550 3 e 45
W&yb‘yzijwloTézﬂw
5 S sl &S S35 5d glas Shes b
sdazms S AL S (SG camd 5o g dal i sy
W5 b s e R s SOl elige wie) o
53 igudsel o Ll g 558 Al b ils e
3 sk gladsle sy s Al Lo bLS )
oo opl 5 ol Al &S 5o o glad e
3 OB, sl gladsl 8 cal g pspte
ckzﬁ@j\.@\%be&j\)w}jﬁjﬁxi]}
Slosat LSS S S ke LS
s <0385k 15,8 o Lo cgline 55058550
Sl S I s esg LOsE gkl iy g
My Jses wreteric bud (UB) syl

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

Y40 (55 5 451 /0 o led /o035 55 Jlu

ek A

activin ¢JA|..L5 KSJ:';.M r).h_g}a ..L;J)J LS\J" ‘J,al.(s
9 \\f) g:,wu\)L:; JJ}AWnt e tLﬁMWJ
JoSS syl Olid (6 s andlas ol s 05380000
>ty e 4 L eadspe el
«S A3l 5 Fibroblast Growth Factor (FGF)
vt At FGF-2 y FGF-1 o yasas s ool |

(V%) L
.))}A J’.’.) L}>|JA 4@).}}}4 V.:JQJ‘JA M L1 LLJ)‘ L
T+dLQJLw JJ)J ‘uj‘f)gjft}'&“ W\)LJ
b P2 ks 5 (posteriorization) .z,

V) s S ol glad gho Lo o a8 22

(Posteriorization) sjlu sews Al
Caerl Sl WNE ascadle s ol 3 0l s
S o 53 o L2 5 BMPA 6 de & (VA) 5
Bl 02 (0 Lyls il 4l Hox slags Wl
L oolea Wnt laces ST VL glackle
Oy Wl s TH &l o353 bis (sl BMP-4

E8.5
E3.5 E75 (post-
(gastrulation gastruaﬁon stage)
stage) e
Extend
caudally
—
An(enor (T=)
Blastocyst ‘ pritve intermediate
streak mesoderm Pax2/8+
Oct:i/a ic anlagen’ Lhx1+
Nanog+ )
Stay
caudally
___________
—_—
Posterior nascent T+
mesoderm Cdx2+

(axial progenitor) (Osr1-)

Slzl polad O oS oUls &S 004 Sl i
Lls g gl Glac bl Ll 1) 05,4 o kil
s S Ms 5L ¢l A 5 Y)
sbdsle o olaes (de-novo organogenesis)
S 5 Lot 05 o 8 Sl (6156 3Ly
W Josly i gl sladsh 51 L v 3l
Induced pluripotent stem cell Mol 45 o
3o 035 ws cpl Q) 305 eslizal ils gl
LT 5 eslimal b 5 ol La e 5 5L o o
INVitro !, s Cilises gba pae 1 530 O
il W5 @ Ol8 s G ul b s Lgs
55 omas AS B ol pae 5 il

(\\ j\'))}ajo)u‘djjé.&«

SIA sl Wy S
Sl oS alaely (LSS pgm e slade il
A5 Jold ezl 03 o Dl b s S sl
M55 (S i) sl possse A5 o3
e ol 3 S a8l 48 ol oy g3m il 30
Ly b, sl Jule polantl glees; A5

E9.5 E105
/ o ‘:
- @
(Osr1-) —
Paxze | Urstericbud |
Lhx1+
‘ | .
Paosterior 1+ Metanephric Wit
intermediate (Pax2-) L/ mmme Pax2+
mesoderm (Six2-) o (metanephric Six2s
{nephrogenic cord)| Hox1 1+ [nephron progenitor) Gdnf+
Hox11+

el posae 31 S Sl 5 ssr il 65 S5 s d () S

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

400 Sy b o 0Ll adS a5 5L s abys oyl 31 eslizal

)_,.;.:‘,w

e 2 b Ol el by (V) spd e 330
LS5 5 ad gl JUS 55 asas5e il e O3lo,l 3
b bl i Wt as cosle s s
WNtd xS ol sbadshe | e el
sladsle & Sl 55 Wy S8 skl
0t Wl 5l iy (o3l slad sl b o555 50 il 3o
DS 5 nl Bme 53 ARG kil 5 55 IPSC
Slasltle ;8 el 3 Lyl 2B WNE e 5 s
D33 5 S ek dl Jllial Sl G 4

Y 5N S oo IS8 J5 0S5 oo

ool S s ool glad sk Lt
Cuols bl 5 s s ol |, CD133 54+
4.‘_5.‘ ‘4.:&5 Bl J_}Wﬁ L (Llea d‘;L‘.."" LSLAJ),L»A
Lfl}-\b 6&).,\.4 B ')L:.:Lj f‘f SELIE] ;g.ibf a.,\.:%v.:.;
Sl lel T ) Ko
w8 Lase oJs s olas 51 CD133+ ladsle
)‘ ﬁ szi.p le.a;)lﬁ QCD133+ L' o‘ﬁ ‘..L\.wl;
CD133+ slade Jie Ol ge o S e Ols 35
bS5l Ologan dley S5 J 55 5 pa SIS 52
53 5 VA 5V Sl S e Vimentin ol ol
G YV) il oloSobe o U s pli
sba kbl s CD133+  sladghe (YO
S Gl S @ bl e 63 4 i (555
FVsb Lol Gl Olgm a3 5 Lzen Jls, 5
Sl jlax SICD133+ slad sl .(F)) o
G Sl T el Lol W35 el aJS Cilzses

WS Johw slaes, Sud olais
asl poospe Jds 5 WL &S ol st
o35y b G gladle o T+Cdx2+/Osrl-
Lol e Osrl+/Wi-1+/Hox-11 + wxy ool
Somb gbokle 5 BMP-4 activin s

OV 2t o sl S 5s, s WNE s ST

=l fsk
Wnt cs 81l slaclale s FGF-9 culg s
il Sldshe W5 4 e paledise ) sba
Wt- /Pax 2+/Six 2+/Gdnf+/Hox-11 + s 353
Liwa S8 slajle iy Olea a5 Osr-1 +/1 +
S5y del 3 BMP-4 activin s s, 556

AV) Wlos ik 5,85 slaslo iy

sl e 5wl sam aw SRl g5l

SIA
e sboply el LIS b
2SS Wl s li- o ureteric bud  (UB)
Seomed s UB LD, GLbI s Su8 slaslu iy
Ul sl 4 s, Sl i sl sl las Sl
LE o 0 slaply ul (V0) s e S5,
bl LS5 izmer 5 oS 0A3 Sop
Sloely daply cnl Obe 53 25 e o pdldial (55,8
Wl 5 555 00 5 UB 51 S WNE-9D (¢ 550
omemas 5okl Jlanlilse 5 il sad sl L s
ol R 3550 el WNEA scadls o
Lo slaslorle S35 4 e Salg 03 5 03l
S o b ke o Bl il 5 S

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869/acadpub.ismj.19.5.902 ]

Y40 (55 5 451 /0 o led /o035 55 Jlu

Eacks J N4

Sdshw @ 2l pmes 5 U5 5 B
Ll ol Ja 2 S e syl b g 5l (JLk s
neural cell ) NCAM-1+ lad sl oM 4 (YY)
slad sl =B ¢lyls 5o adhesion molecule 1
s ol 53kl 3 LT 51015 o 5 035 0l

Bowman capsule
Tissue location:

Tubular pole

Markers:

CD133*, CD24", PDX-
Additional cell markers:
Vimentin, collagen 7A,
claudin-1

Coexpressed segment
markers:

Proximal tubule
Tissue location:
Tubular plicae

kers:
CD133*, CD24*, CD106"
Additional cell markers:
Vimentin, CK7, CK19,
collagen 7A, claudin 1,
claudin 3, claudin 7,
annexin 2, S100A6, CXCR4
Coexpressed segment
markers:

Megdin,-aqnmon'rrl

5 5 CD24 WT-1 PAX2 b _x oS
€D29 ;L jeriilse s3lis glad sb S)bo cpdir

(') 1S 0l |, CDY0 CDT73
b adhe 515,505 dies il ool gl b
A5 o gt oS i S s 0y e e LS
535 CD133-/CDL46+ 15 5 4 5 U o 5iS 53 45

Distal tubules

Tissue location:

In contact with the
glomerular vascular pole
Markers:

CD133*, CD24*
Additional cell markers:

gu}@éu;)ujgu,gu@s_uz,afb;PCDl?,S 6338 Sl i dsle 6,805 o s (Y IS0

olinl oS S5 o Mas b ol glad sl
3 ekl lsl Ol STl TV s e
Ll 355 = U oo S Lge oo L1y JLlngl slad sk

el 0l sl W 55 4 2 INVIVO N VILFO
Sl e slag,sls 5 psle ol5m o g o)l
2l S eslial b ol sbed S 50 Sy s o)
i p eS Do b (S s Slapteen 5 ol
Ails S a0 5L S 5 s on i
Sl Sl Sl 5 eSSl sslisd
ol Yy Sl s w3l U Lasls o1 b
soap dolze (S5 (Bl 53 5L Sl bpuE)
s L s slaw Oleys L3 OLaLS 5 oludl eslaxad
Sprs Bl il gl a8 sl .
Elil ok S 000 S Los ol OIS laasS

L 5 63 Sos oS S 150 gla
W5 sl O O gl Al G b 5l S S bl |
S s Shee 2 0 mmlie O m 152 S
;\&}SQ%\W&.W\L;MF}L;@
Sdm b 5 Ses b ads gzl Wy o s
WO lin 05y pde D50 3 (msd ol
2k gl sl dal g Yk Ol B L
oalnal (g 5y S8k slad s 51 0155 o SIS0 (e
U5 503 Sl (2 le 3 2l S (VD) 55
(ol S glad sl slacsl 4 Oa fas
Sladsle 5 lalanis By s Slo dlae gad sk
Sl S 31 O1s oo ol esdle (FF) Wyls 1, IG5l 5e
s>« (decellularized) s Jle w36 oIS

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

AV Sy b s 0Ll adS a5 5L s abys oyl 31 eslizal

)_,.;.:‘,w

o olss a1 Ll sl PlUS o aS o gt A
Sl e Al 5o e 56 S Olse
O rlen 5 5SS ool glad ke s 5 W Sl
313513 eslial 3550 5 J ke

S8 b Gaensn as slaySE Sl ol
O 3kl 5 eSS T s Sl s o SIOL
2SS 53 BMP-4 FGF-2 L il 51 s .l
Lol b 53 (F)) S o Ll 2B s> o5k a5
sl P ad ST s e 15 08 5 LSS
Gl OS5 ol dg e Sl 4 (VF18) s
2750 33 2 534S Kl ST s 53 8 S 2l
Semse plesdle 4 sl oS3l A 5 pled o
Neuron Growth (NGF) ok .55 b
Gle ol 5l ol wle &5 (%)) wsb . Factors
7SS Gop Armar e pled 5 B
35 eslizal

5 el b s 0T 0k & SLs s sl
LS o My SRl abss ol L3 Bl sbTL
Wt asply s 5 S 5 00l (FY) ol WNEO
DLl 53 oo Olyss 53 355,85 355850l 3 s
S eSS bl (Yo 5 VA) &S o Wil age 2B 38
A3l e Sl a)s5 Jsb s OF Oly pde 3503 35
3575 5 mrosA 0 eSSl S s L
OlF o aS 3 onl o5l s Olgs s 5L o)l
S 53 Al ssl glad e ples QU g O S
e S g

2wl el e Ohss s &S (5,508 el
S el B-catenin sl s 555850 W
olasl 1T BT 5 555600 s e s
bl B e e o opl oY 5 ekl 05 S
5o Ol S el anT s esle ol L(FY) 5515

555 ES 5 0o beaslEl 5 Sl gla gt
il el o3l sl 355 53 1y Slsl s J5S0s
Sl Sl eslinal alo kil 3 a8 wxils O 1,
Lol OV gams cpl 5l cslin (o500 5 (s
53 Sl el JIAIL Ol e85 alis & ax 5
wlie sladsSse I 5 (S5 esbe (,Jé_f—\ e
s s eI b Sl i e S s
Jole oSS s s slad S50 a5l Ol il
S Ll i s diSse opl Sl eslinal b oo
b s 03 g W G (S5 b o
3 S ol ok B m e e 5 LG
S bu gladshe plad romen 5 L S5l
S eslaal ol slacsl ul g

PR E IR RC N PISPRUAP S PP
Lol conle Ll LT o Clam 4 s g g0 (slaes,
SSae ol 0T S b (Sobe vy
Aol oglae el

5 osllae Obkiy pLys Olug e L lag s giS)
Ve Y0 514 058 55 VL 5 e 5 o sl
Js & Tadomen als i gol o550 S 5l sy 5 sy
S 01 JoSse glaair 5 awe s o5l Jomile
(X4 5 TA) Wlas 513 as e pl Olaldils ax g
OS5 o5bs iy oo Al (s se cnl 5o
(Fo) Ao o 5 F sk oo 5 Go0Y Sl m oo o O
Sl 5SU s laakauls 035 Jled eias 0L gl oS
R Sy N N S P S R R FAN E
ol o o

Al o ame 53 Lapltil e 5 Aol b ol glaeslew s
BRI TS S T e L R )
Lolyan Ll ol 008 Slhee o a2y s3lask

SlaysSt s laiplS s dadanly A5 5 ilula,

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

W40 g3 5,31 /0 o )lad /355

iy bl A

S S o

foars baS Wy o (S 5815 S s
3575 5 hod b 53 e 33w jamie LIS
oo a oS e gladanly 5 S gl
S JalSS a1 3 L (ol S 2t Bl sl
(glandy Ol ado il 5 555 gy 5 Als 0L 5
b e S Olpe @ e s nl 5 Ol
wand 53 S wdige Cilaal 5 i Cr ) S e
5 g03 el 0Ll s 48 LSS 5 -1 b

slobe boslg = Sl colex cow i ol

s OJP

c%l.'.o slas
OBy hwyg sl Sl L Sms

RGO PSS Vot QL:J

References:

O S DY S N TS PR VR I DI
el s 5 5 anl Ol S (los mal 5 oSG Ll
S5 sbal By b e bd sl
s LS b Gisa 5 Pishise dstes
(FY) 355 00

el “ X sbo? ol B
Sea star regeneration-associated protease
cals 0 DNA JIs &5 s ls 3555 (SRAP)
ey Ssn WS Jsee 05 L s3k) Dl
sl S5l ol 5 OL Do e 55l
e 0> DI el 5 sl e S3L Slse g
e Oss o ladl IS IS ~b s (o
5o 355 3 05 ol e (Y0) 315 25
Sl e 5 e S Al 5 lesdlly i
LS Ll

1.Merrill JP, Harrison JH, Guild WR, et al.
Successful homotransplantation of the kidney
in an identical twin. Trans Am Clin Climatol
Assoc 1955; 67: 167-73.

2.Al-Awgati Q, Oliver JA. Stem cells in the
kidney. Kidney Int 2002; 61(2): 387-95.

3.Diep CQ, Ma D, Deo RC, et al. Identification
of adult nephron progenitors capable of kidney
regeneration in zebrafish. Nature 2011,
470(7332): 95-100.

4.Singh SR, Liu W, Hou SX. The adult
Drosophila malpighian tubules are maintained
by multipotent stem cells. Cell Stem Cell 2007;
1(2): 191-203.

5.Kim D, Dressler GR. Nephrogenic factors
promote differentiation of mouse embryonic
stem cells into renal epithelia. J Am Soc
Nephrol 2005; 16(12): 3527-34.

6.Shkreli M, Sarin KY, Pech MF, et al
Reversible cell-cycle entry in adult kidney
podocytes through regulated control of

telomerase and Wnt signaling. Nat Med 2012;
18(1): 111-9.

7.0safune K, Takasato M, Kispert A, et al.
Identification of multipotent progenitors in the
embryonic mouse kidney by a novel colony-
forming assay. Development 2006; 133(1):
151-61.

8.Kobayashi A, Valerius MT, Mugford JW, et al.
Six2 defines and regulates a multipotent self-
renewing nephron progenitor population
throughout mammalian kidney development.
Cell Stem Cell 2008; 3(2): 169-81.

9.Takahashi K, Yamanaka S. Induction of
pluripotent stem cells from mouse embryonic
and adult fibroblast cultures by defined factors.
Cell 2006; 126(4): 663-76.

10.Murry CE, Keller G. Differentiation of
embryonic stem cells to clinically relevant
populations: ~ lessons  from  embryonic
development. Cell 2008; 132(4): 661-80.

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

404 /o gbs OB e 0 6ol sbd shw ciS

O 5 (s b

11.Williams LA, Davis-Dusenbery BN, Eggan
KC. SnapShot: directed differentiation of
pluripotent stem cells. Cell 2012; 149(5): 1174.

12.Dressler GR. Advances in early Kkidney
specification, development and patterning.
Development 2009; 136(23): 3863-74.

13.Costantini F, Kopan R. Patterning a complex
organ: branching morphogenesis and nephron
segmentation in kidney development. Dev Cell
2010; 18(5): 698-712.

14.Mae S, Shono A, Shiota F, et al. Monitoring and
robust induction of nephrogenic intermediate
mesoderm from human pluripotent stem cells. Nat
Commun 2013; 4: 1367.

15.Kim D, Dressler GR. Nephrogenic factors
promote differentiation of mouse embryonic
stem cells into renal epithelia. J Am Soc
Nephrol 2005; 16(12): 3527-34.

16.Poladia DP, Kish K, Kutay B, et al. Role of
fibroblast growth factor receptors 1 and 2 in the
metanephric mesenchyme. Dev Biol 2006;
291(2): 325-39.

17.Tagushi A, Nishinakamura R. Nephron
reconstruction from pluripotent stem cells.
Kidney Inter 2015; 87(5): 894-900

18.Wilson V, Olivera-Martinez I, Storey KG. Stem
cells, signals and vertebrate body axis extension.
Development 2009; 136(10): 1591-604.

19.Lengerke C, Schmitt S, Bowman TV, et al.
BMP and Wnt specify hematopoietic fate by
activation of the Cdx-Hox pathway. Cell Stem
Cell 2008; 2(1): 72-82.

20.Costantini F, Kopan R. Patterning a complex
organ: branching morphogenesis and nephron
segmentation in kidney development. Dev Cell
2010; 18(5): 698-712.

21.0safune K, Takasato M, Kispert A, et al.
Identification of multipotent progenitors in the
embryonic mouse kidney by a novel colony-
forming assay. Development 2006; 133(1):
151-61.

22.Kispert A, Vainio S, McMahon AP. Wnt-4 is
a mesenchymal signal for epithelial
transformation of metanephric mesenchyme in
the developing kidney. Development 1998;
125(21): 4225-34.

23.Sagrinati, C, Netti GS, Mazzinghi B, et al.
Isolation and characterization of multipotent

progenitor cells from the Bowman’s capsule of
adult human kidneys. J Am Soc Nephrol 2006;
17(9): 2443-56.

24.Bussolati B, Moggio A, Collino F, et al.
Hypoxia modulates the undifferentiated
phenotype of human renal inner medullary
CD133+ progenitors through Oct4/miR-145
balance. Am J Physiol Renal Physiol 2012;
302(1): F116-28.

25.Smeets B, Boor P, Dijkman H, et al. Proximal
tubular cells contain a phenotypically distinct,
scattered cell population involved in tubular
regeneration. J Pathol 2013; 229(5): 645-59.

26.Ward HH, Romero E, Welford A, et al. Adult
human CD133/1(+) kidney cells isolated from
papilla integrate into developing kidney
tubules. Biochim Biophys Acta 2011;
1812(10): 1344-57.

27.Lindgren D, Bostrom AK, Nilsson K, et al.
Isolation and characterization of progenitor-like
cells from human renal proximal tubules. AmJ
Pathol 2011; 178(2): 828-37.

28.Ronconi E, Sagrinati C, Angelotti ML, et al.
Regeneration of glomerular podocytes by
human renal progenitors. J Am Soc Nephrol
2009; 20(2): 322-32.

29.Angelotti ML, Ronconi E, Ballerini L, et al.
Characterization ~ of  renal  progenitors
committed toward tubular lineage and their
regenerative potential in renal tubular injury.
Stem Cells 2012; 30(8): 1714-25.

30.Bourseau-Guilmain E, Griveau A, Benoit JP,
et al. The importance of the stem cell marker
prominin-1/CD133 in the uptake of transferrin
and in iron metabolism in human colon cancer
Caco-2 cells. PLoS ONE 2011; 6(9): e25515.

31.Hansson J, Hultenby K, Cramnert C, et al.
Evidence for a morphologically distinct and
functionally robust cell type in the proximal
tubules of human kidney. Hum Pathol 2014;
45(2): 382-93.

32.Sallustio F, De Benedictis L, Castellano G, et
al. TLR2 plays a role in the activation of human
resident renal stem/progenitor cells. FASEB J
2010; 24(2): 514-25.

33.Bruno S, Bussolati B, Grange C, et al.
Isolation and characterization of resident

http://bpums.ac.ir


http://bpums.ac.ir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bostr%C3%B6m%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=21281815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nilsson%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21281815
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sagrinati%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19092120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Angelotti%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=19092120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ronconi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22628275
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ballerini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22628275
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hultenby%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24439225
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cramnert%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24439225
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Benedictis%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19843711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castellano%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19843711
http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

W40 g3 5,31 /0 o )lad /355

T e AN

mesenchymal stem cells in human glomeruli.
Stem Cells Dev 2009; 18(6): 867-80.

34.Buzhor E, Omer D, Harari-Steinberg O, et al.
Reactivation of NCAM1 defines a
subpopulation of human adult kidney epithelial
cells with clonogenic and stem/progenitor
properties. Am J Pathol 2013; 183(5): 1621-33.

35.Li W, Hartwig S, Rosenblum ND.
Developmental origins and functions of stromal
cells in the normal and diseased mammalian
kidney. Dev Dyn 2014; 243(3): 853-63.

36.Humphreys BD, Lin SL, Kobayashi A, et al.
Fate tracing reveals the pericyte and not
epithelial origin of myofibroblasts in kidney
fibrosis. Am J Pathol 2010; 176(1): 85-97.

37.Song JJ, Guyette JP, Gilpin SE, et al.
Regeneration and experimental orthotopic
transplantation of a bioengineered kidney. Nat
Med 2013; 19(5): 646-651.

38.Candia MDC. Regenerative response and
Endocrine Disrupters in crinoid Echinoderms:
an old experimental model, a new
ecotoxicological test. In: Matranga V, editors,
Echinodermata. Heidelberg: Springer-Verlag,
2005, 167-98.

39.Candia Carnevali MD, Bonasoro F.
Introduction to the Biology of Regeneration in

Echinoderms. Microsc Res Tech 2001; 55(6):
365-8.

40.Eaves AA, Palmer AR. Reproduction:
Widespread cloning in echinoderm larvae.
Nature 2003; 425(6954): 146.

41.Patruno M, Smertenko A, Candia Carnevali
MD, et al. Expression of TGF-B-like molecules
in normal and regenerating arms of the crinoid
Antedon mediterranea: immunocytochemical
and biochemical evidence. Proc Biol Sci 2002;
269(1502): 1741-7.

42.0rtiz-Pineda PA, Ramirez-Gomez F, Pérez-
Ortiz J, et al. Gene expression profiling of
intestinal regeneration in the sea cucumber.
BMC Genomics 2009; 10: 262.

43.McCauley BS, Akyar E, Saad HR, et al. Dose-
dependent nuclear B-catenin response segregates
endomesoderm along the sea star primary axis.
Development 2015; 142(1): 207-17.

44 Boivin FJ, Sarin S, Evans JC, et al. The good
and bad of beta catenin in kidney development
and renal dysplasia. Front Cell Dev Biol 2015;
3: 81

45.De Weerdt SE. Gene expression in regenerating
sea stars. (Accessed , 26 Mar 2001 at
http://www.genomenewsnetwork.org/articles/03
_01/Sea_stars.shtml)

http://bpums.ac.ir


http://bpums.ac.ir/
file:///D:/regeneration/Dose-dependent%20nuclear%20Î²-catenin%20response%20segregates%20endomesoderm%20along%20the%20sea%20star%20primary%20axis.htm
http://www.genomenewsnetwork.org/articles/03_01/Sea_stars.shtml
http://www.genomenewsnetwork.org/articles/03_01/Sea_stars.shtml
http://dx.doi.org/10.18869/acadpub.ismj.19.5.902
http://ismj.bpums.ac.ir/article-1-838-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-12-21 ]

[ DOI: 10.18869%/acadpub.ismj.19.5.902 ]

Iran South Med J 2016; 19(5): 902-911

Review Article

The Use of Starfish in the Regenaration of
Human Kidney. Fact or Fiction?

M. Mahmudpour ¥

1 The Persian Gulf Marine Biotechnology Research Center, The Persian Gulf Biomedical Sciences Research
Institute, Bushehr University of Medical Sciences, Bushehr, Iran

(Received 27 Jul, 2016 Accepted 24 Sep, 2016)

Abstract
With performing the first kidney transplantations in 1950s and 1960s, medical science hopes were raised to

find out proper ways for treatment of End Stage Renal Disease or dialysis patients. But regarding to
immunologic bases of transplantation and the use of immunosuppressant medicines and their side effects,
patients may encounter to severe and inevitable side effects that sometimes may even lead to death.
Therefore, in recent years, medical sciences in convergence with technology, pursue a new kind of approach
so called "regenerative medicine™; however this method has its own challenges and complexities. But
regarding to potential regenerative abilities of aquatic animals such as starfish, it may be possible to
overcome on some of these challenges. The results of recent studies on evolutionary processes of human
kidney and development and regeneration in starfish and, and presence of path and common cytokines
among these processes proves this claim. This article presents some evidences that imply on practical usage
of starfish in human kidney regeneration.
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