[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

o) i

eniy

39 7w = Conmni g2 S (g 5 oaanan 00558 5y (6915 b duanz o 45 (Slop3 5w 51

@5 Slg Je 55 GoalS o0 (5)lows 2

A

.

AAEATA RS H AR O VR /A ENCYWR SR | 8 VOL /20 IR UV 28 VA VAN GRS

sk ol 03 W ey it 5 6lS Sl ss sl el ol Gladsle Lsy idde 4 4
S e 508 e 53 LIk (50,15 b aalin 3 (FMISC) @ 8 Ul gsasl 0o otz (3bis slad s il
A s

Real time- ;| oslexl L (CD44, CD90, CD105) (sl slad s (sla Sole copnd o 315 &0 S YO 55 fpmry o sy
5058 or M (Slapite A ey Ole S 53 YTAA B AYAY I cladstlin b aalllas 55 IMSC 5 PCR
£33 05,5 dMSCs S5l s sl 058 25 CKD 3z spde b g5 atly oo 5 (55lS Slags low aile
lee bOls 5 5 (o sbae S L =5 5 eslinad (RAB) e g 5Ty 0 iS5m0l s DUl el
Os% o3l 055, Glomerular filtration rate, GFR) s 0518 O senl 2l Olse (5,83l (Dbl g 38
U35 s (Alanine transaminase, ALT) .ol ols ;ﬂ;‘ﬂ e o550 5 5l S (Blood urea nitrogen, BUN)
Sheslanal b Laesls oy dd aeslie \Yr 540 Fo 0 ) (slass, sl ol (Specific gravity, SG) o yasee
B) fk’*ﬂ S5 Qj,«j 5 ANOVA & b }:!L;T 5 SPSS software, version 20 (SPSS Inc., Chicago, IL, USA)
Al § La s lslae P<e/00

5 4S8l s b 5 5,8 (Ll FalS 5 GFR 55 5 g 0psl 5 SCIBUN 2als sl fMSCs claasil
sl S5l CD105 CD90 D44 sla0s ss55 » U L TMSCs piomen A (55 slad b sl 2l 580
S5 S el L oS 3 5 Jeo D 5mali 51 e TMSCS 45055 5ba w035 oS (58 sladhr 3 15 53l
i S 3 (oS n 5 O

53,80 35 53 iy Slalllas (6 05l LS SO Ol ey il S entilze g3l slad s g St
3L CKD Olles )3 ($5dS el 28

23k slad she il g 5T 05 S s cdS > Slas o S gdds olads

g}’AL‘;’ ‘}}jw ")LA)J .J)\.U Olﬁ)} 4.:‘\5 JAJA 6)\.».:4 A})‘jﬂ jl‘:«.:; BL)
5 ol alS il 5 e US4 a8 gl il
—s e WJppes Sl lew Sdis Sl @SSl

(Renin-angiotensin-aldosteronse system, & s o sli- - 50 51

nrjﬁw@:&n*‘djgn& J?hLv

r)ﬁd"a-)}\.é Pl 6 g

prle otSCia sy s i s 00,5 =)

J irio oSO e oK o Laoms
Dl Olo S s g (0l

(St gl oS3 o Kb puals 05,8~ T
Ol Ole S Il S il degs oSl

prle oD iy Sl Sliins S 0 =1

Ol Olomins s Dlbminsy S5y

*
‘éjlptu_mup,:! Skl Obe S 1 ghs sk 5
b (S5l s s eSS SMas oK
EFYVVESNY il

E-mail: nahidaskari@gmail.com

PRV

Sl e Slays S LIl fee (6 5S WL Ole s

22 5B 5SS (g 5dS pese Solen sl B Dleys s 05SU

FAY G YVA & oylass A) 0,90 ) Fe ¥ 0o o ylpd Sy pade ol o K55 0uSCiils aloo


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

v CKD ¢/ (sabs (slo Jslow v 2o Oloyo

3l slad b LT oSyl 355055 s clidou o 35 b 6508
5SSl insams Sl (U ol Jliney 5 e el
Sl by LSS (olew Ly 35 4 ($50S oe 2Ll
ekl ol M s s Sldlae (311 20 w1 (6 5dS (65l
Ik b Gloss Jsboe 30 s oy ol ool ot Tz
Sl 5 adS s Sas 55 53 (FMSCs) &0 S ol sl sre (gl
(CKD) 38 ase olows b oz 315 glan S 53 (8L ]
Rl 53 laallae g 0pSE s el WLl tagn opl el
ol oslizal 4 8 Sl ol sladshe 515 ol planil ai
s Al 1 Sl Je Jlasl slhasle ool
> Ky S OB15als L1 TMSCs sl [hass ol corames
Ll s o) S amlis (ol CKD Oleys 3 gl
Sl i) 5 osd wns l 5o Fealr b Sldlae bl 4 2o
LS el 1 CKD L Olley 5o adS's Shas 250 5 i Sbess

B X

S Ll ARG Sdsle oo g5l S0 sy
el 0 ol VE e L 3 Ol S OB e (S pels SIS
Lile ol lasl 5o o3 gt s sar S 53 S e ($ole
23 S5 b olben b ke (S5 cl Sl cnd
e S bl Sl bwg G (S anles a8
W53 o Ot O Oslacwsl dgzil Oslssl ol (g b
rlpedte (0 dpdr) A3 (s o s plad 5 Jled
(SG) L3l Lo saiee 035 5 ALP BUN Chle 5 p,m sl S
wbiols, eSS 5l e b S 55 65dS e ol AU 1
S sl Jaally sty A (Sl Wl cxlo bus
Sl BN waS s o3an ol 5> Gl slagiles]
L ilesl aen 5 b Ol S il dgd olKisls SKa el 0l
1) Slids s AT Sl 51 bl s Jasdl s L
43 olil (IR.UK.VETMED.REC.1400.002 3=
SIS & kS anrle oy 45 YO Jls Sl
@5 058 Jlem 0o o 08 (B e Ol S el (Sl
Vo slaias s Jske VeEXY iy (NSV0) FMSC Jsl e 8 s

Tehran Univ Med J (TUMJ) 2023 August;81(5):378-87

http://tumj.tums.ac.ir

LS gp wdas 15 0 LS oS ol Ssa)sa ot S RAAS)
L (AT-H) il 5T 55 5 A8 e dolaze 1 0 Slale 5 O
Opelld Olsee B a0 (BIB1 6 0dS o5 Slaggslen o
'.uS L~ 1, (GFR) 5,058

S Lz ol I paibp sl oS glaces Skl
PR P T P S-S R PENP YRRV SO L S P
b Gosisn 5 olS plel Chiiy Co e iln o,
Tdas e ialS

ole Sl SO ol lad e Sl eslinal s (g )
6ok ladshe ool Cle Glagslay Oloys s LISI LG 2
53 &S dnes Olgder 5 edipddidad s ladshe el
Tl L Gl e GUlS 5 Al s il slacil
@l sladse bug Cob S 0 Sl s
Jolse Gl ks el e i Ge b3l ehisn (eetilse
S e oo ad S5 Se 0 ) 5 0 ST

ol @by Glad s sl e (2 SO S Ol sae
0> Tl e L 55 S0s w1 ke ol ax ST el
SOl e laeads gladshe e =T e S
Sl Sl Ailg o oS Wlead S35 apdilie ol sladshe
AT Bl s ) ek ey glad e
sl Slis 5 CD0 CD44 cle Sl ad o ol Ldins LS5
SH- SH-3 SH-2 CD105 tile ol sles il (slad sk o
oL, 8 S (ILI-R) Y S5l o8 dibe S s Slao ks S 5 4
S e 0l |, TNF

Ol e 1y bl g5y byl 5l Jol> = Sl
5 &S pese ol 5 315 ool Sl e s T 51 iy
Olssas 48 olay o 5l anllas ol 53 il mld Sl bba 8
adllas 53 Jue Olgea Wl 0 oS ol s eslanal Sle Jue
2 Sl Sl e (JSosbae sk 0Ll s CKD
Oloys (algis 5 olew S 0y 53 b e 1Al (554054
"l S W 5l eslizad U

sale sbadse i SLAl 5 Sl Sldllas Sl (6 ks
Sl adi asie Wlesls 0L 4l 3lasl 5 ewe s L3

sl el Sl sbdde 55 (MSCs) eniilse ool slad s


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

I 4 ‘5J.<...¢ sl YA

L RNA ¢S 5 CueS ad eslazal (01,1 Ol g CinnaGen
(S S 55505 2SN 5 5 (st s mSl Sl eslinad b s S
gl 0> e b LS d eSS sl 5 s CDNA
(Y ) A el s S5l 5l eslizad L RT-GPCR o s

(SYBR Green Yektatajhiz, Azma, .S leslewal L s 281
BT ERR|C O PR R [ AV o> 2S1s 5> Tehran, Iran)
o3lital b 5 aloes b CT it 35 (Ul sl cuys8) Yorn 03
L owged o sl chle us owsw ms -AACt 2 s, S
" s Jbe s GAPDH s J jz8 0 clale

0 (e 5 polezr Sl & badshe O ) Jsho Goo 5 5l e
3¢S s Sleee Lol 5 s JE b SGlngle
A e o3lizal o Sl 5 ol i sl iomes

S aslial b S e Ll aper e S o
525 wlal PBS Y ml a ol VeoxY (V) 1S s
plmil Jsl 038 Sl S & Jole Gooy VY 5 ) laj,
033 pSAS & Glile p S ke +/0) OBlneds sl Al
Sl e boalio 55 S A eslinal sl 53 Sdeay (O

Syd g olgd baas S (6l RABW

~ (N=\+) (Telmisartan) oGl 5ol +/0 mg/kg o 55 o5 S MY
e IS s 05 S Shst Soson el 53 Doy el YT
eler oS 5 LS50 Sl ol &S Jlen Dbl (NSVY)
s el Sl (N=0) e J 28
Shae Dot eSS Ve MOKY Slaie ged ags (sl
O3eS) 5 (XI0) DB a Sals b e W e 5 GoF
Sheiarr Ojsm S (o508 o554 5| ey A3 ealizad (F Lit/min)
gl gl S 1) Ol gl e ol ol 512 (V) 5
z2 5 8Lsl 4sed 4 (MEMa) )+ ml Ol ek eslizad (O,
5 (OLT e O Je) 55k e B3 53 5o \Yor Lo ks
CiS Gk a5 Gl 036 (MEMa) ) ml s dshe s,
10 sl (PHEYY) (MEMa) O Ml (s L3 Jime Syl
e 0o 215 V) by (FBS) S5 o o pe
Gyas o (V UMD B s sl 5 (e Pg/mi) sl g 2l
s (/0) CO2 (BINDER GmbH, Germany) ,, 5Ll 55 5 aslsl
S5 Ol s Sl A e3ls 15 sl Kl a3 YV gles o
Real time- 31 lad g slezs! 51 w5 i gl Jobe SIS
RNX-plus ) Jgl>s ;I RNA gl sl A el gPCR

OBl s Ao 53 oyl 0426 1) Jgdr

S e O gl o3 Ao

St o gt 03 S

S gy i) S O3lCs 3] O-%

(CRT) S 0 3dmn O 3 Ol judisien O3 GV sk 5 Uagin juatien Salisls o8 5 gy stV HISCET D3lans | S_A
I8 e wdle s -y

S s IS ezt OF 3l 5 558 WYl

U:A-’jﬁ: BL) oéu.’.wb)_’a dhﬁ‘.‘j, .Y J_}.\:-

(©) J grazes o3l (bp) J gmazes o311 CY7>0) <8, Mg CY>0) o, Jg 03 b
ov VA CATACCAGGAAATGAGCTTG ACGATGACATCAAGAAGGTG GAPDH
ov Ve CGTTTTCTTCAGTTGGTTCCCAGCC TGGGTTGTTTGGCATCCAGTGC CD44
oA Vo8 ACGTGGAGTTCACATGTGTA TGAGAAGAAGAAGCACGTGA CD90
ov YO GTGTGCGAGTAGATGTACCA TATGCGTCTGAACATCGTCA CD105

FAY G YVA & oylass A) 0,90 ) Fo ¥ 0l o ylpd Sy pade ol o K55 0uSCiils aloo


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

A CKD (sl ool (slo Jslow p izs Oloys

2 b e S LSS il Sles s J RS 05 S
Gl L3S e anrl e Jgene Sloles gl SKagmels Ol o
BUN (5,3 o3l Jialosl «ollpm b anles bl dan
el VYo 5 8r S0 X 0 slagss 53 ALT 5 g 251 S ol
o3Lizul (SG) L3l Lo gases O35 5l S 5 Shas Lol gl s
6308 OMSis okmsOlis Laas S 55 Ve YD 1 eSS lide oS A
&l (ANOVA) & b 55 bty o 51 eslizal b Laesls .ol
SPSS software, version 20 | eslizul L 4l slaanslis
o s 2550 S5 05050 5 (SPSS Inc., Chicago, IL, USA)
A s S s lsbias ylel i 5IP< /00 mglan 23 8 )8

Laadl

Olggeal sae 31 ol gladshe <28 51w cele a
badsbe ol 5l g rie Olbl Ly Gl skl glad sl
S o S35 V)0 Sl e dlecs b 5 IS S 50)
RNA S 5 cuiS i oslizal Jloys Jde gl (Sunls
Realtime Y jams Ol oss Cpd oo ool o sdle Al o3 )
CD44 Wiy cpozmen s GAPDH =15 J S 05 ¢l » RT PCR
el a ol Olid Jyame o gl b s> CD105 CDY0
Qjﬁdlﬂcgukjjaud?(i;dw&ikéasr,@
(Y JS8) il e 0 Oles polanst]

o4 CD105 5 CD90 (D44 slass Ol Olje
fMSC (sladyhe 3 pl #7004 /YY 5 o/oVE/TY (/4 Qe /Y)
S5 S mh 5l e 4 Cad S 3 5l e el S
(F )

52 el Sl Oy poty el (ool ad e L
5 BUNSYY YN\< o5l S YA ol sl Jsl s,
(e SUlsm) J xS 055 sra bl wen 3 ALT>) e
aon 53 Sllg= 53 SCr 5 BUN Slude ¥+ 55, L3 A3 sdali
Sl ety oS 2alS Wl Sl e b3l glass S
s B s Sl e iS5 hlas U
Gl Glagiben op 03 IS S sl le

05 s 2 fffdt':"’ VO=V/0 O Jb i laie oyls Cownl

Tehran Univ Med J (TUMJ) 2023 August;81(5):378-87

http://tumj.tums.ac.ir

Wiy 0o doe G5 dopr 52 Sl IS S g 5l okl b adS Joun s 1) IS
g (B s Condn s O 030313 5 1S 55 sl Ol 03,5 o3bel (A NF 5
SIS s s 52 48 wlS psar (€L S8 55w ) ealinnl b S G o 035
eon O (g 5528 cole BMP 18550 o8aus) (fassy nl 53 eslinals) e
s (€ L3S 5 g 31 Sl L 4lS e Sl 0 S Bl S 355 s

el 8 0315 QLIS el 53 Sy e bt b S S @ e G5 G e

1 2
12 ladder
2
A
/ 1\
AN 2000
_ 15 N\ 1500
= il \ 1000
= 1 s \
/ \
0.5 [ / \
e T e N\
70 75 s0 s %0 o5
Temperature (oC)

58T 05 55585, b g RNA oS ) 5 OV guaome w3 owia 1Y IS
;) GAPDH ls 05 sl Realtime RT PCRY suams &l s pd sowie ()
Lais 45 dns o 0L Jyaame ja sl 4B S 55 (o) CDO0 (i) CDA4 (5o 3
5o S (Y il e 05 Oben polant] 0F o gl Dladad 5 old 1SS Jgeams &

S Ol she antilze 53k sladshe 3l st £l saal LS RNA 5,875

s
3s
a
25 Jyas
- 5l s
1s
5 5 5 oy
1 L I I
0.5
D <D 44
o3

<D 90 <D 105
o) O Ol 5 ke s CD105 5 CDI0 CDA4 ol by s gl ¥ JS5

BEMPRE
i

Epgw N laesls) 34 lslas P<v/v0 c]a.u 534S OAEn S Sl e s e Lh)S)La

(ol ol o158 Kbt Jlancdl ol


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

I 4 ‘5J.<...¢ sl TAY

W 3 g s OBl padi 05 8 5 J ke GooF 08 55 w sublias
Loaglie 55 osllae 55 06l el 058 5 dobe Gy 055 0o
03,5 WYo 5ay 3 (P</20) Wsls Ol ie JES 65 S
« 2233 ALT 5 o550 SCF BUN 31 353 16 oo ileys o
L3 350 Ol 5eals 03,8 53 B 3 g 5 (slsbine o sli5 a2l
OBl pmals 05,8 53 el S 5 ool el 55 oS Rl 5 CiBsue
Johor oaeSilyn 05,8 L oanclie o iall ol LS sdalie
ALT 5 o550 SCr BUN 55 slas bl 55 51 el ol
e IS 058 4w DBl 05,8 5 Jske G5 05 S 0
Shas dails 13 pslle sl 5 Ly 03 SO il sl &S
(¥ Jsa) s lsbas (bl L
ChlE g by steg sl easOlis Ol Ll o sase O35
5 P gl o @l Jske sSTilos s S s bl
Sobirs sl GBS OB pal eg S > g lsbixs
S S s Jlaasl Sleay (7 Jsas) (P<e/00) 35
A5 eslansl (Radiolabeling of MSC) Lad o s SHboLis iy

Ee

Sl sl isy ax S &S cul sdd jasie S sba
35 0l oSy ol ok oalizal S ase lasl s islics
L0l sz se slaoleys 4 muleds Clews Olley 51 pan
25 el pbotarl S ane plab Bl b cnl D3 (e
5okl Slos ey, o) esliad Jlisa 2wl il s ol
Gy 4 3l 0l s M LT Oleys el Ol
et 8l 6 08 Ol e andile ol glad sl
2013 Ol 5l Olge SRl 31 5 CDK 55 53

Lo alS 5 Slos 3540 Sl L5 e RAB Sl eslinul 4 S|
055 5 sk Gy esS o sl (V0 55)) ol ams il
Lol s s e Ol i S 0 S L anslie 53 1, 06l 5els
e nes S bl 4 s Ll ml SG &S (6slse
5l sy el T el pasld @S bt
0593 OLL 55 Sl 5 55 esein SG Ol a1l 55 30
il g shde sl bl

WA sdaline (Jyl o) Lo S O WL el S ol 0 8
Soleg sasglis 55 SCr 5 BUN 03580 55 el o)) easOLis
35 i S Sl e T ALT (J5 555) 59 Ul 3 (58
ALT mhao ol slaa 55 pde 3L S 5 A4S glaal
53 vl Ol el (i 53 dls YoV en) b 0 o
e 5 GslS s Sbaslen 5o pd e akis VL olie
5o bl bsgd e sdalia (Isosthenuria) s sl W g s
23 8 ol Ll Slle bS s ads SIS (ssdS
() 3500 A edalie (58 sl 5 o3l e slaw S

S 02 adS e glagslen Ol Gl ol G 3
A5 olital Olganl sre el soly sbadsle S P51 Ly
ol b 15 il b iloys dsbr sy sl il S
D ol 4 ol 45 B Olpial 3o 4 yd 31 oS Slie ¢ g
ol il B8 sl W dolis 6l MSCs 2T 5 oS (¢l
P A plsil Sl Sl 05 Sl pledys Cuiise b b,
5 05,5 53 Qb l5els G ene C}f.u S e Ul 5I L 95 s
A edalle LA g Ll

Ol dsb s bads cdle » MSC G5 51 S o
Ol b 55 ol 5 Ao il Cnl (S 5 S il
Ol Do 53 baipes pyn e3ls ol pl &S 550 ol
Sl 5 SYsb

St S Oleys 4 gl Ul 03,8 Sllp 31 By
Sk Slsles 53 O3 (I Loy b 5 o 4 Ly (85 a8 a2l
A Oy Bl slie cpl A e a i ys Sl

iy QU pels 058 5 dsbe G 0S5 3 P s 0
o3l 5 SO BUN _ialS Olpm Camds s 5> Sobolins
03,5 F 555 53 g slalias U0 e 53 J S 6 S L alis
A OB el s iSEpme 058 5 andilpe Jske Gy
03,5 4 sl 0Lt gl sl 0L o5l SCr BUN L3 (s fslns
el i3l 5 en g o ae 6,15l 65,8 4 ol Jhe Goo 5
e S s dske Gy oes S bl s goblee sl
G 058 4 S OBl padi 05,8 55 28 Olss Lol sl 5525
53 ALT 5 o35l SOF BUN ~la &v 555 53 2 S Johe
bl sl Lol sl 2als Ol sals 058 5 Jhor o5 058

FAY G YVA & oylass A) 0,90 ) Fo ¥ 0l o ylpd Sy pade ol o K55 0uSCiils aloo


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

YAY CKD ¢/ (sabs (slo Jslow v 2o Oloyo
ALT wrea SCr BUN lascd! il 5 il &5 (5,051 51 s ANOVA (g, I RERYYRE S E R PR ES
290
Y q. [ Y \ o

AAEDCIN YVEN /4O FEE) /o7 ¥4+./4V INEIVEIN \ (/o8 e) BUN
YV /¥ YeEN /4" rE1/40° Ofx+/AY 0Fy/ ¥ Y

INEAVAN ¥a£1/+4 OY+Y/+ Y AL+ /AA YA+ /40 Y

Yf+y/vE" Y'Yt /4" AAEAVALY oYY /40 O\ /AF ¥

Y/0k /AN Y/$E0 /AN AAEAVALY Y/IAEN/+A /4t /AT ) (Il p S o) SCI
Y/AEY/ 44" Y/AEY/ Y \VAEAVira Y/0x\/ Y Y/A£e /¥ Y

Y/AEN/ Y YIVEV/2A Y0\ /0F Y/EEN/ VA Y/YH /A s

Y/AENAY Y/AEN/ 48" Y/YOXV/AV® Y/¥Ee/AY AVAEAVILY A\

YOV /AY FO£/4V* INEAVATY FVE/AA FEEV/YY \ (d/J 50 Jee) Urea
V£ /AA" FVEV AV OYE\/AS” 00X\ /YV 0F\/Y) Y

O£\ /70 FAEN/YY OAE\/$P OVEe /48 OAt+/4) Y

YVE)/YVE YVE\/YS" OY£Y/YY” £VEY/04 IAEAVE o ¥

AAAESVALY VAV /4N VYARN/YY AAAE VAN \YFE /AR ) (ad/a=15) ALT
ANCAVARN \ Yo\ /AT \YOE\V /AN AAREAVAN¢ AAREAVALY Y

\OSEN /A \FO% /A0 V¥V \WF+Y /04 \WEEY /0 g Y

VAN VT 114+Y/Y4" AV VYo /Y VFYEe/4) ¥
V/ VY /O VOLEIVAYS V/ VAR /AT V/OAVEY /40 V/ASEVNY ) SG
/o AV /8 /o \VEY OV \VEALEAVAL /AN /YN /o \VE /A Y
/2 \V4Y/40 \/\VEY VY V/ VAR /4A V/\VEY/44 VAR /44 Y

/e YEY/OF /o YEV/YY \VEALE2 70 V/ONAEY o /oY V/OAENAA \f

Gsop Sl 035 &S A e Gl cpl bl 5o e
2ok osba S s Sll les I gl ann s
S 25d S pee s okd Sl 45 b Gl slae S
Sl Glagsles 5l 20 Sl sbadde feSe col S
Sl laesd aslis 5 vy 5 GOl sladts pl LS
SOl sy Sl S Olget ol (Ko gl 3 osline
S Joe MSC p gne (gLl (S5 Lodr
SUSG slie s 558 o8 13 o Jols b ol
oelpls s S ALT wrea BUN slis b aulie,s SCr
area BUN slis b awslis,s SCros USG slie (g 8ol
Ll e Gl 5 0 lesl L) oS age slagslen s ALT

35S S ey piase sl 5 3L 5538

Tehran Univ Med J (TUMJ) 2023 August;81(5):378-87

http://tumj.tums.ac.ir

Ao a S L s jlslas P<e/e0 "

P2 A B Gl 53 SC I ke o i
@slS aas Jsb ys aid edalie SG s (6w A0 Gy 3l e
Sl 53 argam pabe 4 el ooy sbad s
SIp) Olpea sl cnl 15 leds o5 Sy oo Ciliss
o2 Ol L el s Jloysdshe 5 oilasl (S35 55 osdll
53l 508 gl Ohley 3l e s ol OSslal |
s MB Ol SLisse Jlys eme o ARSLST Ll s
Olsea e ariilye ool sladsha Wl cnl 51 sls il58l
lageely 2155 o 4 il S 15 ealinals s pe (55lesl Jolse
S e 55 il el ladama sy 53 1y el
ool s el Sl s g LA s gade
tr Golen 3 6 Gl sladie SIS e il iy


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

I Kan 5 (6, Keur Aol FAY

Sl s Sl okl Kol oS wml pls @S Vs
$Llse 48 Wlosls 0Lz tl Sladllas ¢l posdle s S WIH, ol
TS Sl el ool slade pUls 4 MSC G5
Sl S aph e by dd GlassSU s (S 5eS (S s iy
il jsles sladshe Sl a3 eSSl bl
b bl prmen 5 S e W Sl iS55 S
CKD Lol 2o lse 5l S 7auS o sl |y (658 ol
aS Llosls Ol andllas e ol adS gilusl b b fals
CKD ladde ;3 1) e Sl apiilse ook sladshu
Slirer sl gy Sl ol mls LS S e W Sl
s il DS 5L ehan 3 antilie 3k gladshe sl
5 Jle Olgeay ol s eslizal £dS ase slub Ol s
Lol S 18055855 L Oleys o (IRI) S ol e 55
Sldshe b oohen ¥ KUl 55,4 —r Al S« (DHA)
Pt sdalie S > Shas 25 5 55l S el 3l
(S-nitroso N-acetyl penicillamine, a5 sls OLis L;,Q; ax)lao
L1, MSC 5 Shas ¢ 5L 5 Jsbo habloe 3 L L3 e SNP)
Jle 5o SaSsl @il jo 1y 23S0 5 Sl 2SS 2ulsbl
Ml e 2 Sl oS
S S il S5 05l ele G (Darbepoetin-a, DPO)
Sl e 3 L aldS ol 5 das e OLES (g5l 5 laslous
Oloys ol jan anilze ool slad sl T idas o 2alS LIS IRI
Solew dide 5 1y als Sl 5 (g0l 5 Sles 55 DPO L
shls (A bl sl dlisn o s GsdS Sasl)
Grmlte ol dexl egme (SSde sl
o o oanilye o3l ladsbe Mol Llgdlas 5 Slas] sl
Gl LIl adS s Shas 3y o il 3 ALOF L Oleys b
53 odidml SAadS 53 edd Wy eriilie ol sladshe
S il 0de 5 Oy g S gDl i S W IRE Jute
Sladshe s Slas (ol Lo o jlson 5 (55,800 02y oS L
s S AW ke Gkl s L el ol
Sldshe Sl o5 b spba e b Oyt TS e
GBl L el Gl 53 eI F eeriSlye s3l

JZ.;'J_Q‘ ‘L;l)gf) s Lle eJu')' Li"""‘:""f 6:@ 6L&J}l.ﬂ E) J;.A}L;a

03y g S & L SCr pslae 50 YoVA Jle s (glasdlas s
G F GslS Glaolen 53 s 2350 Lo, sSL s boaslie
o) 2SSy WS S e 5o Jole Goop TS
o W Sl GBI gladsha 15 il fse bad sl
For el Ligs 53 Ll oS AS e @l F MSC s 6l 1,
SLad Sy darsl (o SLL (el 5 slay st jLial b5 il
slse s5) bapsss ST 5 dsS5ss Son 51 JSKize (Sl 1
oS slad s 4 JUEH I gy 8 ol ol o (s 2 5 (S5
Ol ol Slallas TS Jled 1) e el iz Ll 0
MSC 5l edisaie Jsbe ol slad55s b Olss o8 ol o3l
i s b S8 e s ol Solaw (ils e a5
adsSos onl 4 5yl sy Ol ol 50 ol ass gs &S
SaS Oy 3 G2 Loy 4 4dS e 55 MSC 5l sl 52l
3 sh Kgmds b 035 m JSe Sl gy 55 ksl e S
5 Ay S ool b ils aey cal s Slides T el
Bdas gl s sk dgho G5l G 1SS

Sopal mle ool gladshe 5 eslind lags
St Aen (oSl e 53 el adSe edigs
SN Sl 1S S s s sl 5 (558 5 Shas
openay 5o 1) s ool ladshe il ol mle 4 by
AT

Sblen Co Ly o) Sosaan Ol e B Jdow
Lkl Sosadsn 2olse 03 suls cpl 355 45 Wles S 4o s (S 5S
spms Sloadshe o ISKhe ol &Sl GLlBEE Jess a-b
Gldse 8 Ls S oS vy e s glaadlas 5 Tl
oS e 31 B0 Csn gy ol 5 sl ) et ool
Sl Sl sbdle s plpede WS e 65
L 58St ozl 5 55 Al 5 5008 ol o (3liy slad 5o
Golid s Sl dde s 6,500 adllas ys ckas e alS
ol ol sladshe a5 Al Ol S s S0 O
el 5 S 1y Bae 0 ol S S0 S e gl
Toals rals 1 g pels

el b oSl el 5l g Jle K s glandlas o

fﬁl:'-‘i‘ 4 ol gl w':':“'\}‘ ol sbadshe ks Q_SL.UQ)}

FAY G YVA & oylass A) 0,90 ) Fo ¥ 0l o ylpd Sy pade ol o K55 0uSCiils aloo


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

YAD Askari N., etal.

Loads 5 Sae oS 5 Oledl 5 Sealosgon ol sl
ol ok (s3SI Gosp s anlllas cnl 53 S e L35G
LSS rme 05 S b alie 53 adS 3 Ses spp ol &S A2
el ool gladsle Sl eslizal oplaly as O ek
S5 03 i Slllas gl sl LU S Olpea Ll
all A3l Lt CKD Olley 53 $5dS ol 2alS 5 5,5
@3l sadso leslimal b Slyadsbe Sl 5335 v Cgr
33 5% 5 FE8s Slill 5 eSS glaces plrsl (S 5!
2 G ol el 5 IG5 S el a5 Vb Sl
D3 ey g G35 sbar e se slassles
Olpe cou Jlids # b 5l oo dlie cnl Kol
o sl Olass s Ol e ol sladshe Sl eslinl”
4y o0 5 s eSS Ilans RSl peas TalS
Colom L & A3l VAV/TVAS ojled 4 \YAY Lo s 0l S

el 0l |l Olo S OIS g S els SIS
References

1. Aoki T, Ohashi N, Isobe S, Ishigaki S, Matsuyama T, Sato T,
Fujikura T, Kato A, Miyajima H, Yasuda H. Chronotherapy with a
renin-angiotensin system inhibitor ameliorates renal damage by
suppressing intrarenal renin-angiotensin  system activation.
Internal Medicine 2020;59(18):2237-44.

2. Kukida M, Mogi M, Kan-No H, Tsukuda K, Bai HY, Shan BS,
Yamauchi T, Higaki A, Min LJ, lwanami J, Okura T. AT2
receptor  stimulation inhibits  phosphate-induced vascular
calcification. Kidney international 2019;95(1):138-48.

3. Andrzejewska A, Lukomska B, Janowski M. Concise review:
mesenchymal stem cells: from roots to boost. Stem cells
2019;37(7):855-64.

4. Park SG, An JH, Li Q, Chae HK, Park SM, Lee JH, Ahn JO, Song
WJ, Youn HY. Feline adipose tissue-derived mesenchymal stem
cells pretreated with IFN-y enhance immunomodulatory effects
through the PGE2 pathway. Journal of Veterinary Science
2021;22(2).

5. Zhu W, Xu W, Jiang R, Qian H, Chen M, Hu J, Cao W, Han C,
Chen Y. Mesenchymal stem cells derived from bone marrow favor
tumor cell growth in vivo. Experimental and molecular pathology
2006;80(3):267-74.

6. Voga M, Kova¢ V, Majdic G. Comparison of canine and feline
adipose-derived mesenchymal stem cells/medicinal signaling cells
with regard to cell surface marker expression, viability,
proliferation, and differentiation potential. Frontiers in veterinary
science 2021;7:610240.

7. LiH, Tian Y, Xie L, Liu X, Huang Z, Su W. Mesenchymal stem
cells in allergic diseases: Current status. Allergology International
2020;69(1):35-45.

8. Borkowska P, Zielinska A, Paul-Samojedny M, Stojko R,
Kowalski J. Evaluation of reference genes for quantitative real-
time PCR in Wharton’s Jelly-derived mesenchymal stem cells
after lentiviral transduction and differentiation. Molecular Biology
Reports 2020;47(2):1107-15.

Tehran Univ Med J (TUMJ) 2023 August;81(5):378-87

http://tumj.tums.ac.ir

Sl Jle 5o 1 ads s Slae sse 5 G5l Gladsbe 5SS
GoelS 3L )3 0l odalie 5 B L &S iS5 55IS
Tl Sl ol axdlas o
Sloben 03 eniilpe ool sladshe Sl eslizal ¢ JS ) 5ba
ThF G et b e Doson LlSe e
S sy glaysst s Slas| ST ol BT slad S e
S8 o> ol Sl e 4 WS e bdshe nl 3L
bl 5 e sladel 35 S Joe DllUs Olpea 5038
s sl Jeily el ool sladshe ol J2s
€D29 (sla S5l sl adsh ol (Jshor o2S Ll 5 53 0l
Olpds 5 03,5 0Ly |, CD166 5 CD105 CDY0 CD73 LD44
L CD79% CD11b _haw slaJ,J, L CD14 CD34 CD45
e 53 sl oy 5 el oS s 0L 1, HLA-DR 5 CD19
Oy «Geds S Gha 58 oMok onl 03 S L ke Ay

Sdshe kS 5 s Tl e ke sl Sl

9. Stancin P, Song MS, Alajbeg I, Mitre¢i¢ D. Human oral mucosa
stem cells increase survival of neurons affected by in vitro anoxia
and improve recovery of mice affected by stroke through time-
limited secretion of miR-514a-3p. Cellular and Molecular
Neurobiology 2023;43(5):1975-88.

10. Jeon EJ, Kim DY, Lee NH, Choi HE, Cheon HG. Telmisartan
induces browning of fully differentiated white adipocytes via M2
macrophage polarization. Scientific Reports 2019;9(1):1236.

11. Chauhan P, Sharma H, Kumar U, Mayachari A, Sangli G, Singh S.
Protective effects of Glycyrrhiza glabra supplementation against
methotrexate-induced  hepato-renal damage in rats: An
experimental  approach. Journal of Ethnopharmacology
2020;263:113209.

12. Huang A, Guo G, Yu Y, Yao L. The roles of collagen in chronic
kidney disease and vascular calcification. Journal of Molecular
Medicine 2021;99:75-92.

13. New L, Goodridge D, Kappel J, Lawson J, Dobson R, Penz E,
Groot G, Gjever j. Improving hospital safty for patiants with
chronic kidney disease: a mixed method study. BMC Nephrology
2021;22(1):1-2.

14. Brown CA, Rissi DR, Dickerson VM, Davis AM, Brown SA,
Schmiedt CW. Chronic renal changes after a single ischemic event
in an experimental model of feline chronic kidney disease.
Veterinary pathology 2019;56(4):536-43.

15. Finch NC, Syme HM, Elliott J. Repeated measurements of renal
function in evaluating its decline in cats. Journal of feline
medicine and surgery 2018;20(12):1144-8.

16. Aghajani Nargesi A, Lerman LO, Eirin A. Mesenchymal stem
cell-derived extracellular vesicles for kidney repair: current status
and looming challenges. Stem cell research & therapy
2017;8(1):1-2.

17. van de Vyver M. Intrinsic mesenchymal stem cell dysfunction in
diabetes mellitus: implications for autologous cell therapy. Stem
cells and development 2017;26(14):1042-53.


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

18.

19.

20.

21.

22.

23.

24.

25.

26.

Stem cell-based therapy for CKD YAZ

Villanueva S, Gonzalez F, Lorca E, Tapia A, Lépez GV,
Strodthoff R, et al. Adipose tissue-derived mesenchymal stromal
cells for treating chronic kidney disease: a pilot study assessing
safety and clinical feasibility. Kidney Res Clin Pract
2019;38(2):176.

Barakat B, Franke K, Schakaki S, Hijazi S, Hasselhof V, Végeli
TA. Stem cell applications in regenerative medicine for stress
urinary incontinence: A review of effectiveness based on clinical
trials. Arab Journal of Urology 2020;18(3):194-205.

Pang SH, D’Rozario J, Mendonca S, Bhuvan T, Payne NL, Zheng
D, Hisana A, Wallis G, Barugahare A, Powell D, Rautela J.
Mesenchymal stromal cell apoptosis is required for their
therapeutic function. Nature communications 2021;12(1):6495.
Naji A, Eitoku M, Favier B, Deschaseaux F, Rouas-Freiss N,
Suganuma N. Biological functions of mesenchymal stem cells and
clinical implications. Cellular and Molecular Life Sciences 2019
;1(76):3323-48.

Franceschini N, Verbruggen B, Tryfonidou MA, Kruisselbrink
AB, Baelde H, de Visser KE, Szuhai K, Cleton-Jansen AM, Bovée
JV. Transformed canine and murine mesenchymal stem cells as a
model for sarcoma with complex genomics. Cancers
2021;13(5):1126.

Thomson AL, Berent AC, Weisse C, Langston CE. Intra-arterial
renal infusion of autologous mesenchymal stem cells for treatment
of chronic kidney disease in cats: phase | clinical trial. Journal of
veterinary internal medicine 2019;33(3):1353-61.

Hu G, Xu L, Ma Y, Kohzuki M, Ito O. Chronic exercise provides
renal-protective effects with upregulation of fatty acid oxidation in
the kidney of high fructose-fed rats. American Journal of
Physiology-Renal Physiology 2020;318(3):F826-34

Fang Y, Tian X, Bai S, Fan J, Hou W, Tong H, Li D. Autologous
transplantation of adipose-derived mesenchymal stem cells
ameliorates streptozotocin-induced diabetic nephropathy in rats by
inhibiting oxidative stress, pro-inflammatory cytokines and the
p38 MAPK signaling pathway. International Journal of Molecular
Medicine 2012;30(1):85-92.

Ezquer F, Giraud-Billoud M, Carpio D, Cabezas F, Conget P,
Ezquer M. Proregenerative microenvironment triggered by donor
mesenchymal stem cells preserves renal function and structure in

217.

28.

29.

30.

3L

32.

33.

34.

35.

mice with severe diabetes mellitus. BioMed research international
2015;2015.

Manning BD, Toker A. AKT/PKB signaling: navigating the
network. Cell 2017;169(3):381-405.

Tian H, Lu Y, Shah SP, Wang Q, Hong S. 14 S, 21 R-dihydroxy-
docosahexaenoic Acid Treatment Enhances Mesenchymal Stem
Cell Amelioration of Renal Ischemia/Reperfusion Injury. Stem
cells and development 2012;21(7):1187-99.

Masoud MS, Anwar SS, Afzal MZ, Mehmood A, Khan SN,
Riazuddin S. Pre-conditioned mesenchymal stem cells ameliorate
renal ischemic injury in rats by augmented survival and
engraftment. Journal of translational medicine 2012;10:1-1.

Altun B, Yilmaz R, Aki T, Akoglu H, Zeybek D, Piskinpasa S,
Uckan D, Purali N, Korkusuz P, Turgan C. Use of mesenchymal
stem cells and darbepoetin improve ischemia-induced acute kidney
injury outcomes. American journal of nephrology 2012;35(6):531-
9.

Cai J, Yu X, Zhang B, Zhang H, Fang Y, Liu S, Liu T, Ding X.
Atorvastatin improves survival of implanted stem cells in a rat
model of renal ischemia-reperfusion injury. American journal of
nephrology 2014;39(6):466-75.

Ferndndez A, Orddfiez R, Reiter RJ, Gonzélez-Gallego J, Mauriz
JL. Melatonin and endoplasmic reticulum stress: relation to
autophagy and apoptosis. Journal of pineal research
2015;59(3):292-307.

Mias C, Trouche E, Seguelas MH, Calcagno F, Dignat-George F,
Sabatier F, Piercecchi-Marti MD, Daniel L, Bianchi P, Calise D,
Bourin P. Ex vivo pretreatment with melatonin improves survival,
proangiogenic/mitogenic activity, and efficiency of mesenchymal
stem cells injected into ischemic kidney. Stem cells
2008;26(7):1749-57.

Zhou T, Yuan Z, Weng J, Pei D, Du X, He C, Lai P. Challenges
and advances in clinical applications of mesenchymal stromal
cells. Journal of hematology & oncology 2021;14(1):1-24.
Savio-Silva C, Soinski-Sousa PE, Simplicio-Filho A, Bastos RM,
Beyerstedt S, Rangel EB. Therapeutic potential of mesenchymal
stem cells in a pre-clinical model of diabetic kidney disease and
obesity. International Journal of Molecular Sciences
2021;22(4):1546.

FAY G YVA &) o,lass A) 0,90 ) Fo ¥ 0l o ypd Sy pade ol o K5 0uSCiils aloo


https://tumj.tums.ac.ir/article-1-12593-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-07-03 ]

menthiy

I [ ) I V I | Tehran University Medical Journal, August 2023; Vol. 81, No. 5: 378-387

Original Article

Effect of cell therapy compared to renin-angiotensin-aldosterone system
blocking agent in chronic kidney disease in cat-animal model

Nahid Askari Ph.D.t"

Ali Shafieipour D.V.M.?
Soudeh Khanamani Falahati-
pour Ph.D?

1- Department of Biotechnology,
Institute of Sciences and High
Technology and Environmental
Sciences, Graduate University of
Advanced Technology, Kerman,
Iran.

2- Department of Veterinary
Medicine, Faculty of Veterinary
Medicine, Shahid Bahonar
University of Kerman, Kerman,
Iran.

3- Pistachio Safety Research
Center, Rafsanjan University of
Medical Sciences, Rafsanjan, Iran.

*Corresponding author: Department of
Biotechnology, Institute of Sciences and
High Technology and Environmental
Sciences, Graduate University of
Advanced Technology, End of Haft
Bagh-e-Alavi Highway, Kerman, Iran
Tel: +98-34-33776611

E-mail: n.askari@kgut.ac.ir
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Background: Mesenchymal stem cell (MSC) transplantation is a promising therapy for
kidney repair. This study compared the regenerative effects of feline MSCs (fMSCs)
and telmisartan, a renin-angiotensin blocker (RAB), in a feline model of chronic kidney
disease (CKD).

Methods: The fMSCs were obtained from 35 Persian cats with CKD and characterized
by CD44, CD90, and CD105 markers by using real-time RT-qPCR. The cats were
randomly allocated to four groups, fMSCs injection (first group), telmisartan
administration (second group), no treatment (third group), and healthy controls (fourth
group). The study was conducted in Kerman province from December 2018 to
December 2019. The factors that may affect the risk of CKD, such as age, weight, and
history of kidney diseases, were considered as independent variables. The presence or
absence of CKD was the dependent variable. The cats were followed up for 120 days
and evaluated by physical examination, glomerular filtration rate (GFR), blood urea
nitrogen (BUN), serum creatinine (SCr), serum urea, alanine transaminase (ALT), urine
specific gravity (SG), and kidney histopathology. Statistical analysis was performed
using SPSS software (version 20) with two-way ANOVA and Tukey test. P<0.05 was
considered statistically significant.

Results: The fMSCs group showed significant improvement in GFR, BUN, SCr, serum
urea, SG, and kidney histology compared to the other groups. The fMSCs group also
showed increased expression of CD44, CD90, and CD105 genes in the kidney tissue,
indicating enhanced stem cell activity. The telmisartan group showed modest
improvement in blood pressure and proteinuria, but no significant effect on other
parameters. fMSCs transplantation can restore the kidney function and structure in cats
with CKD by modulating the apoptosis and proliferation of renal cells. The telmisartan
patients benefited from the anti-hypertensive and anti-proteinuric effects of the drug,
but not from its anti-fibrotic or anti-inflammatory effects.

Conclusion: fMSCs transplantation was more effective than telmisartan in improving
kidney function and reducing kidney damage in cats with CKD. fMSCs may be a
potential therapeutic option for CKD patients.

Keywords: cat, kidney function, renin-angiotensin system, stem cells.
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