[ Downloaded from tumj.tums.ac.ir on 2026-04-04 ]

o] llis

eniy

Gy s shw 13 (695 b S ad s Sivg W ;3 MIR-183 g MIR-182 Cdgo 4Ly (pids

Ol olgsuiw] 3o comid! 30

VEVE/ 0/ s ST VR EY0 sl VEREATTY iy VERETYe il

o-\._..s.g
4S5 ph g gmn 4SS O gl 553 550 ko) Jalse 51 S aSCd ()5 0 S Sladshe S e e 4 i)
Gladshe 5l eslinal &5 ias o 0L b e 5 ol Sldllas .ol odis b ime OF gl (5550 Oloys 055G
MIRNA-182 45 ool O 51 Sl 35 50 dal g Cpimmad omla@lon ool Oloys 53 s el (93,5055 (gl
(ol gl S o Wl Sl adie 53 (555 ek, S Gli 5 b iy s S sla ii MIRNA-183
Gk 3 Ol Ol gial e endilne o3la ladshe 55 650 ol Sad la Sy Wl addlas ol s
el MIR-183 5 MiR-182 oL, o3l

Sl e Slids S e 53 WWAQ Wil BAYAA s b Sles o3b s o andlae b e, s
W MRNA-183 5 MIRNA-182 0Ly (5l 56 canllas cnl 5o dd plowil 58 0 (Sijy pyle o2
) Sl AE s Sop oS 4 sl a4 (NBMSCs) Oludl Ol gl sae penidlze (93l slad sla
Real-Time PCR 55, L Lol Ol Cla,d 5 L Sewdl s hBMSCs 4, miRNA-183 5 miRNA-182 sk
oslizal L Recoverin 5 PKC SLCIAL NRL OTX2 Jals eSs olasl lad) Ols copmaman 43,8 L5
A& Real-Time PCR %y, 5l

e el ) KaS 4 MIRNA-183 5 MIRNA-182 L hBMSCs iSinil 5 oS sls OLas Laasly laassil
43,8 RHO 5 NRL Recoverin PKCa OTX2 CRX auxjl 4l plad b Jas o sladl Oly Hlabas il 58l
058U 53 b Ll o MRNA-183 5 MIRNA-182 0Ly il 5l & el O Kby iasy ol 2l S e
G Sl el Sl sl cpl Al Joged 55 oS 4 sladbe 4 |5 hBMSCs (slad s L3
el 43 lad b CBli> 5 & ol 55 LMIRNA ki

sLad v MIRNA-183 mMIRNA-182 (Ll O il 500 51 e ool 3o 3k sl sk gl oladS

(o ek S

Olzmer 4l sk p s blen 31 Ols (>
@bo ladshe TaS o i ol canl 5 el GO
s ledd Bome aSed 3l lp S GlauS Olyen
Shetle Tals 1 Wad she gl 4 nles 5 legss QUL

Tehran Univ Med J (TUMJ) 2025 August;83(5):369-76

http://tumj.tums.ac.ir

QLL:)W Lé)JW a‘;.)f o
ni‘.&wl 4"5) Arfl:é Ao 5 ‘Y@U

*taébj;.‘a‘ ‘j:.a.el

sl psle 5 3l i 05,5~
prle oSl
Ol oo e i S

5 o WU sl gl Sliiinei S 0T
ol oDl 0l 3 ¢ Tl st 35 308

S 0SS (63,18

Ol laal lsal ol (o (S o sle
I35 50 s Jobo Cliini 15,01

pale olSCails ccadlr 4l oo otSia st
el 25 3545 S

dSCia g o Il e gy T S0t
Sy ke oD Sl b o 5le

Ol 3,8 g i3S g

S ke o8BI 5 4 1 ph iy
Sliios S e o 4l e 0dSas 5 08 65
s ot
SASTYYENAY ol
E-mail: Asgharzade1396@gmail.com

PRV

Al 5 s bl 8 Ok £F 350 (Gl LT b
5 Rl Glses Al sl ile Jald Sledins slalen

3 6)_,:! L(}Jnj)\é L;.Ld)é LSL&;L?J.;.:: )}?.'j LJ \.C_mﬂ\ (}S}.kf


https://tumj.tums.ac.ir/article-1-13622-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-04-04 ]

OblSas 5 e Glaw YV-

won uib

GAYAA pss,8 Sles osl 5o eddd 28 5 o2t axllle (ol
St p ke o8l Il e g SlideS S e 53 1YA4 i
51 (IR.SKUMS.REC.1398.056) M| uS Al 51y 5 S ¢
Ll s s bailesl ele A3 plail 35 g8 S5 pyle oSl
IS LSS a5 s S 4 b oAbl 5 ikl
A3 S el s 1SS bl 5 23s 5l Olubl (6l

J=S 5 MRNA-183 miRNA-182 Lols (s les slaes S
doly s Clils p Coll EA 5 YE 5 ad gud 5 Lis s SCramble
RHO NRL OTX2 CRX lad) Oy s s o
Saly Jals 4 56 el 5 SLCIAL ; PKCo (Recoverin
sl I hBMSCs s MIRNA 53 s denly sl 5 Ol &
93 FBS /N0 (5= DMEM 5 5 ags (Ol L) sl
5 LA ey iS5 n Bl do s s el SIS LY e s
Sy Gladshe o) Sl AS G2 S A A L
L hBMSCs iSandl s o Joho iKandly A el poler
9 S el OS5 s b (Invitrogen) Yrev - slsS )
DMEM Jame 3 Saly 23 oy Saly a3 Jyk Vouee
oSS L el ciS Soge s gl Js FBS 05
& MIRNA-183 L MiRNA-182 Nyl 0+ foli -8l s
Sode 4 DMEM 2y Koo Yoo s sl ) 25 oo Vo ol jon
A Blol b 4 s eslel 423510

50353 SSam Sl 5 FBS (sl b cole iy 51
LdasS os 8 bas ol csle (A 5 Y8 Sde 4 badsle
Real-Time L iSeusly cudbge 5 Ad < Sawsl s Scrambled
oS5 s A el Jie 5SS w3 (53T s s § B PCR
3 =TIV s sk

L miRNA gl [Real-Time PCR el s RNA | sl
s Ol 5 slad sho ¢ RNA miRNeasy (Qiagen) —.s
ezl (0151 [FavorgenBiotech) .S L Scramble L miRNA L
3V Sbapsed b 5o o5 i LRNA oyl 5 cuis s
g A3 e NanoDrop (Thermo Fisher) Lw g i 5L YA

<=L3 RNA I cDNA . (8us eslais] CDNA e g1, s RNA

Saa Ol i clis 5 Gl St e e lgeS
Lol o3 S B o3k sladhe dgm slp ol

Sete Sadshe dPSC CD3A+ Juls g3l sad sk ¢l
Ol @glp b Sldlee 53 Lapsss S 5 MSC s
Qs b MSC o550 P llds olinal 4l slacslas
Sy50 S Gbadsle 4 pled U s VU ol Ll o 2o
5 oeas Bl st iy L b ol Ly
bl s RS bl Ciin Sl Ll
P2 S e g |y edssaa]

SIS 8 (SB35 gl glaediS el Ol geas s microRNA
Jels MRNA-LB3 ai s oSl gladshe 5 Shes 3
Oy e il s Gdes MIR-182 5 MiR-96 miR-183
Lol o0 So5 kS sk Gl 5 L) Sln s 3 s e
Fok s nld 5 Il Corge Sl sladie s g oyl s
S I s pd g aSd 0ol 553 5 gl ol (L gt 558
Sdsbe 5 Jb 1 a5 pled e S0 O Ok G2l
whpt ) TAS e Colla g kLS Gl ) eoly
Jas b by o Sas (Sl 0] kS edle
L e cBls e JiKe JUSD (bt
ol i his o, MIRG6 , miR-182 ¢V us
S TGl b s See 5 (b sladi
Taghe b 03 LA ol el el miR-182
S5l sladde 5> MIR-183/96/182 iy Ol sl
Lo Oldl aSs sl b S s, sbisoles
O

MIRNA- 5 MIRNA-182 (o1,08 51 oy asdllas ol Gt
@l sbadshe 2 o8 ok Sad g Sny Wl 183
Gl Sole i G b 31 (NBMSCS) 0l il a0 3l G2t Sl
Gy Ol il Jols iass Vs ool 4S8 ol
Eel 2ol 5 Ol 4 Saly (sl BA 5 YE s A
Gl Sl Ol Sl 5l woske bias b .o MIRNA 53 o0
gors s wole A 53 58,5 S MIRNA 55 » Lo oSS
Fos S 5 s 6N Mae s> MIRNACIB2 L 3 olKiass;
MiRNA-183

FVE 6 FFS 8 o)locs AT 6,30 o) Fo F ol o 15 iy psle olSetily o iy odSCiils loea


https://tumj.tums.ac.ir/article-1-13622-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-04-04 ]

VA Olewd! Glsiicn] Siho andiilie (solsis (sla sl yo (5555 085 pSend (sla S5y (oL@l o mMiR-183 yMiR-182 o Lo il

Sl Sl s alons 2800 30 L DS e Oy

NG

cDNA ;:. 5 (Thermo Fisher (RevertAid RT K1691) .5 L
s el (01 @l ey) BONMIR oS L miRNA olazs]
Takara Bio) =S 5 SYBR Green %, L .S Real-Time PCR

| ~I Rotor-Gene 6000 Corbett Life Science o\Szus (55,5 (o2l

Real-Time PCR 5 esliiwl 5, 90 b joul g5 2\ Jyer

s | glabs as 3l e J guone 030 Sy 03 b
F-GGAGCTGGAGGCACTGT
Vor
>NM_000554.6 R-ACAAACCTGAACCCTGGAC CRX
F-CATGAGGCTGTAAGTTCCAC
VY
>NM_021728.4 6 R-TTGTTTGGAGGTGCAAAGTC oTx2
F- CCCGACACTGATGACCCCA o
>XM_047436389.1 44 R- AAGTCCATAGAGCAGT GAGCE Protein kinase C alpha (PRKCA)
F-CATCAGTATCACGGCCACA
A
>XM_011518008.4 R-GGCACTCAGCACAATCACCA SLC1AL
F-GGGACCATCAGCAAGAAT .
Ve
>NM_002903.3 R-GATCTTCTCGGCTCGCTTT Recoverin (RCVRN)
F-GTCCAGGTACATCCCCG _
>NM_000539.3 VoY Rhodopsin (RHO)

R-ACGAACATGTAGATGACAA

G S ublas sba s cSaldl S ey S 55 MIRNA s
Aol 1y il S e a5 (P<e/er)) il Rl J s
MIRNA-182 0L law 45 51> 0L Real-Time PCR 5JUT .S e
EA 5 YE 5l e eld Sl cbadse > MIRNA-183
O3 5 P<e/en)) ol asl 158l e BB sba cela
L eslinad Waesls (g3lwdle s sl Jsls J S Ol gess Snord

05

BB Transfection miR-183
[ Transfection scramble

EE

.g

B Transfection miR-182
[ Transfection scramble

é

o ]

g

s
>

1000

Fold-change
(miR-182 / snord expression ratio)
z
<
Fold-change
(miR-183 / snord expression ratio)
-
2

=
<

Ub b M4hb 48h

odd =Kinil 3 hBMSCs (sladghe ;5 MIRNA-183 5 MIRNA-182 ol 1) s
(Scramble) J =S o5 8 b amylie ;5 MICFORNA g5 ol b

Tehran Univ Med J (TUMJ) 2025 August;83(5):369-76

http://tumj.tums.ac.ir

SPSS software, version 20 (SPSS L Weesls (g bl o

J>s GenEx 4 GraphPad Prism .nc., Chicago, IL, USA)
WLo5 Ol ke Real-Time PCR - 3l e 5l ey LA
«(Shapiro-Wilk test) Laesls 035 b 5 pde s a5 b dd o5
ot b A el Mann-Whitney U test o g3l b Laans i
(P<2/+0) 5 il5S 780 Oluabl a3l 5 Jlns Sl il £ Kils
53 banll bl Jols acyssdoes A5 4 S i 55 bl
5 (S 5 SOl sm IS0 an) spdows L300 LN VIt Lol 5
Linvivo oldles 53 b o 3L & cwlaasl 4yl cxb

.JJ\JMAJ_,&JW

Ladl

Real- L hBMSCs ;5 miRNA-183 5 MiRNA-182 0Ly wlaw

53 S ey piSaedl 3 5l e el $A 5 YE s Time PCR
MIRNA-182 L sl oSl 5 slad shos s bl 5550 05,5
A 0l ol 0L ol (Scramble) J 8 05,5 5 MIRNA-183


https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1519246100
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1677500033
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=2217312787
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=2217378239
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=1653962212
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=169808383
https://tumj.tums.ac.ir/article-1-13622-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-04-04 ]

OblSan 5 e Glacs VY

3 Transfection scramble 48h

3 Transfection miR-182 48h

Fold-change
(Gene / GAPDH expression ratio)

” - =]
g 2 =
o z e

5 SLC1ALRRecoverin (RHO NRL (CRX OTX2 lad) ol ol puis ¥ K5

e [

OTX2E:

-
-
=
-
7

Reeaverin

(P70 /01) 5 (P7</00) Cslu A 5 o ok Sl 5 slad show 55 PKC

A s Woj Ol sl sl (Cl740) 240 Glwbl o3L
el 3 Cf‘“ o celo

OTX2: 0.838-1.165; CRX: 0.697-1.273; NRL: 1.030 -1.316;
RHO: 2.896 — 4.227; Recoverin: 0.755-1.222; SLC1A1:

0.908-1.930; PKC: 0.527-1.498.

C= Transfectonscramble
== Transfectdon miR-183

Foldchange
(OTX2/ GAPDH expression ratio)

24h 48h

31 oy MIRNALSS b ks <Kl slad ghan 53 OTX2 05 Oly Sl i 26 K8

(PTT< v ) 5 (P 0) EA 5 Y8

o OTX2 05 ol <osls gl (CI 780) %80 Olwabl o3l

Yih: 21.549-23.803
$Ah: 2.351-3.398

R OSaSl S S e Gl szl 5 Sle iy a0 Oy
NRL OTX2 CRX 4 cples 5 Slegin sl Ol
slas3L s Real-Time PCR (Recoverin s RHOPKC SLC1A1
s ol sl $A 5 VE

CRX Oly Slsbae [iul53l Cor 5o MIRNA-182 U -iSiusl 5
5 (P<a/va)) (P<e/v0) cele Y& 51 o RHO 5 OTX2
cele tA 31 w PKC 5 RHO CRX il 5 (P<+/+))
L JES a4 s (P<e/r0) 5 (P<e/0)  o(P</eY)
05 » MRNA-LB2 ax 55 LB I sduas0lis & (F5 ¥ IS2)
el hBMSCs (g 5:les (g JS

OTX2 05 Oy «5 4 stalie MIRNA-183 3G s 3
Sl P<e/v0) Cel EA s o (P<e/oe)) cele YE o o
(8 JSa) Sty (gslobas (a5l (J S oy S 4y Cond Sl S
sdalie ol Y8 Olaj s (slsbs gl 05 slo s (J=cnll

20- @ Transfection miR-182 24h
=3 Transfection scramble 24h

10+

54

Fold-change
(Gene / GAPDH expression ratio)

orxzf]

] oees
7 =
% =
o z

RHO| ]

L
)
£
-~

sLcian] ]

Recaverin l

5 SLC1AL Recoverin RHO (NRL (CRX OTX2 (sladj Oly o puis ¥ K5
(P7< /1) 5 (PT<0/40) sl Y 31 Ly ok sl 5 (slad shu 53 PKC

Ve s Woj ole sl gl (CI 780) 780 Oluabl o5l

OTX2: 3.377— 4.448; CRX: 16.21-17.29; NRL: — 0.401-
0.079; RHO: 10.16 — 14.27; Recoverin: — 0.462 — 0.087;
SLC1Al: - 0.739 ——0.419; PKC: — 0.431-0.793

FVE 6 FFS 8 o)locs AT 6,30 o) Fo F ol o 15 iy psle olSetily o iy odSCiils loea



https://tumj.tums.ac.ir/article-1-13622-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-04-04 ]

VY et S loiien] e paritilie solits sla fsh o (5555 o pSaus sla Sty sL8l o MIR-183 S MIR-182 o Lo a5

YE 5l e O O sl (¢l (CI780) 740 Sluabl o350
NG Cf: L cele

CRX: 0.435 — 0.554; NRL: 1.000 — 1.125; RHO: 0.634 —
0.766; Recoverin: 0.122 — 0.138; SLC1: 0.372 — 0.374; PKC:
0.607 - 0.624

EA Sl e OS5 Ol sl (¢l (CI/A0) 740 Oluabl 650

CRX:1.716 — 2.560; NRL: 5.372 — 7.110; RHO: 0.281-0.443;
Recoverin: 1.311 — 2.574; SLC1: 0.190 — 0.264; PKC: 3.629 —

8.159.

i ol @ ls gl oo oo 5 Shes

Bl e Ll el 5 1,10 (3Ll bl oS sl (g5 0,8
hBMSCS 3l eslizul .55 JalS oLl > 5 olw S2alS 4 s
Ly OG5 Sk gl 4 ples (B8 s Vb QU5 Hsa
G 0,8 Sadshe (3Ll 52 np 62,50, Olpea S )
hBMSCs &5y o5 Wlosls 0L iy Slallas Lol Jisedal
e Gl gladde 3 sl Gladshe @3lasl & L5 e
b oS LS 55 ege o8 MIRNA-1B3 ool gl s si
s Fan ool b e Glob U S5 eslgls cpl o5 Jier s 5l
e b e 5o G5 adym ol Gl &S Wl Ol OlLa
2 Vg s s e oS Sk 3 Shes S
MiRNA-183 s miRNA-182 L hBMSCs slaJ s « .ol andllas
sarls o ol en 4 s MIRNA ol Ol 5 sld oSl s
5,80s b L e slags 5 Recoverin s RHO Lols (g, 5 o .S
&S 5581 CRX i oy CRX 5 OTX2 PKC wsle s, 5
Gop ol ,S b sldse 4 s PBMC sies (g5 0l 5o
5 Sos o kS sl Fb s ole ple 52 OTX2 Mo
o333 (530 RHO 03 Mosjls 2 4l s glad s
5 el S IS & S5 h s &S AS e S
2 S S PKC Tl lad e 5y Codis b Ol e
ely JUsl 5> Recovering ™sls oSt Sle iy gladsle les

A 3\ 5osls Ol ol e cgb Ml ujl:’ S5

Tehran Univ Med J (TUMJ) 2025 August;83(5):369-76

http://tumj.tums.ac.ir

Sldsh iS5 (0 JS2) S Jol mls el

&obste s > g0 el Y8 51 MIRNA-183 L hBMSCs
5 SLC1A1 (Recoverin RHO NRL CRX slag Ols cla.ﬁ 33
(US55l Jols el bl ais 28 o5 8 L aglie s PKC
(RHO NRL CRX slads oly czele $A 51w aS dsls OLAS
o=l JxS w cd s LB sba PKC 5 Recoverin
L oSl 3 80 a8 s e 0L el ) P/ 0) il
S Ol @ Ss slaos ol » MIRNA-183 5 miRNA-182
ST o) 0l il wisle $A Sl o3b L3 45 gla S sl
=Sl oy 5l A el YE Oy s a5 J s ol sl

sl oLas

=3 Transfection scramble
B Transfection miR-183

1.0+

Fold<change
(Gene / GAPDH expression ratio)

0.0

SLCIAL

Recoverin

5 SLC1A1 (Recoverin (RHO NRL CRX slij ol cbw op 0SS
sl YE 51 s MIRNA-183 L ot oSl 5 hBMSCs slad b 5 PKC

Transfection scramble

S - == TransfecdonmiR-183
a
_E. . )
£ 61
%l
a8,
< = .
> . "
S 2
g
s Z = S = = o
(=) 7. E g E f
é 7

PKC 4 SLC1Al Recoverin (RHO NRL CRX s} Oly Ol i 1V K3

(P*<+/+0) cslu £A 31 L MIRNA-183 | oid <S5 glad sh 5o


https://tumj.tums.ac.ir/article-1-13622-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-04-04 ]

Arab S., et al. vV

LSl Ol 535 Glom gladae o3 idshe 5 Ses 5 Cua
sl (&5 5 Patch-clamp L ERG (slagisesl 5 55 sls Sl
Ll e hESC 5 hiPSC hBMSCs Jolo mbe amslis fiomen
Sllasgdme LS jasle | sl G3bl Gle ety e
Sydows sldas LN Vitro Ll 2 s La il el Jals anlllae
Sladlas 3 Jub Lejld S Sl mlt )l Cacb 5 kel
Ll (S pdyeend (Sl Al @ ped e LN ViIVO
5 MIRNA-182 (g,08 il das po 0L ol (g S amss
Gup oS 4 sl 4 T 5L hBMSCs s miRNA-183
RHO OTX2 CRX ba0; oly L &S S o ol |y
LS e oslgiy aasl, ol s a4 b NRL 5 PKC (Recoverin

S USEs 5 35 Sy Srise Ul IS e olt sls MIRNA
Rl bS5 e s dl 4SS Sl wkige 5o sk ples
Gall)s anv g s (Spled oSt 5 JSO e GassS
O LS Slpen 1 aSd ol bs gl Gl Lol
6o Sas Sldllas 5 Sl ladde o iy e ey WJl=
Ll $55 52 b8 5 el Ll

" Olse oS el 0L 4B S ol el Kl
e il e b Jhe 3 st 58 gl gl Sobose o) 2
chie s "MIRNALS2 i b cos Ll ol
AR ls 53 00V 5 S U8 LIYAA-YAA Ul 3 e ses (5,50
el odd )5S gd (S e ske

References

1. Flaxman SR, Bourne RRA, Resnikoff S, et al. Global causes of
blindness and distance vision impairment 1990-2020: a systematic
review and meta-analysis. Lancet Glob Health. 2017;5(12):e1221—
34.

2. daCruz L, Fynes K, Georgiadis O, et al. Phase 1 clinical study of
an embryonic stem cell-derived retinal pigment epithelium patch
in age-related macular degeneration. Nat Biotechnol.
2018;36(4):328-37.

3. LiuY, Chen SJ, Li SY, et al. Long-term safety of human retinal
progenitor cell transplantation in retinitis pigmentosa patients.
Stem Cell Res Ther. 2017;8(1):209.

4. Gonzalez-Cordero A, West EL, Pearson RA, et al. Photoreceptor
precursors derived from three-dimensional embryonic stem cell
cultures integrate and mature within adult degenerate retina. Nat
Biotechnol. 2013;31(8):741-7.

5. Salehi H, Rahmani S, Asgari HR, et al. Role of bone marrow-
derived mesenchymal stem cells in retinal degeneration. J Cell
Biochem. 2018;119(1):299-311.

Ol Lill 4 = MIRNA-183 , miRNA-182 L hBMSCs
L baasl -l .13 CRX 5 Recoverin NRL OTX2 PKC RHO
eSndl 5 Asls Ol 4 Gl gas O, Kan 5 Davari aslas
S5 pls 4 MiR-182 5 MiR-96 MiR-183 L hRPE (slaJ sk
5 PDC NRL OTX2 wile as ol slao Ol Lilsil s
Oredss el sbgSs, Oy s A e DCT
sdalie Thyl .S cladsle S, 5 CRX Red Opsin
L Sendai 5 sla JBU 5 eslinal U Kos ladllas TLas S
L3 55 FGF 5 IGF-1 (Noggin DKkl B27 1ile s3les ol ye

TL S S 1 lasd slad s 4 ool glad e 350
I, RHO 5 CRX 0L, « ol o3ls OLis MIR-183/96/182 4 4

G0 oS gladhe @ ool slade s 5 ez o (2l
5 MIRNA-182 31 .S 5 eslina] (Jl= opl L a8 o0 SO i |y
JS @ s )l gl s 25 il ol Ses MIRNA-183
G s oS e b 2l S e Yiexm| ey 2l i >
obi ol 5 S Sldlae e MIRNA Sos Lo 5 edidled
o 3 ol L (il ek S 5 4l ol a5 Wilesls LS
Las e g3 Shes Vet 5 Uy Ol 552 L 0T Ol 2 L
S gladase Sl eslial Gib 5l Kl e S s Tl
s Sl g gt (ol sla, pSU e dd a3
SlosSb LS 5 5 MIRNA mal—55s oLl L obkily L

Sb0) S5l eon 255 Jol= OTX2 5 CRX 55,

6. Mead B, Berry M, Logan A, et al. Stem cell treatment of
degenerative eye disease. Stem Cell Res. 2015;14(3):243-57.

7. Johnson TV, Martin KR. Development and characterization of an
adult retinal explant organotypic tissue culture system as an in
vitro intraocular stem cell transplantation model. Invest
Ophthalmol Vis Sci. 2008;49(8):3503-12.

8. Gaddam S, Ventura-Silva AP, Pritchard MA, et al. Systemic
administration of bone marrow-derived stem cells modulates
degeneration and regeneration in degenerative retinal diseases.
Stem Cell Res Ther. 2020;11(1):1-11.

9. Xiang M. Intrinsic control of mammalian retinogenesis. Cell Mol
Life Sci. 2013;70(15):2519-32.

10. Busskamp V, Krol J, Nelidova D, et al. miRNAs 182 and 183 are
necessary to maintain adult cone photoreceptor outer segments and
visual function. Neuron. 2014;83(3):586-600.

11. Lumayag S, Haldin CE, Corbett NJ, et al. Inactivation of the
microRNA-183/96/182 cluster results in syndromic retinal
degeneration. Proc Natl Acad Sci USA. 2013;110(6):E507-16.

FVE 6 FFS 8 o)locs AT 6,30 o) Fo F ol o 15 iy psle olSetily o iy odSCiils loea


https://tumj.tums.ac.ir/article-1-13622-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-04-04 ]

YVo

12.

13.

14.

15.

16.

17.

18.

19.

20.

The transient role of miR-182 and miR-183 expression in inducing photoreceptor-like characteristics in human bone marrow-derived mesenchymal stem cells

Barishak YR. Embryology of the eye and its adnexa. Dev
Ophthalmol. 2017;60:1-2.

Fan Y, Wu J, Wang X, et al. Conditional knockout of miR-
183/96/182 cluster in retina leads to multiple retinal dysfunction.
Invest Ophthalmol Vis Sci. 2017;58(8):2768-76.

Ghinia MG, Aponte JD, Burns ME, et al. Expression and function
of microRNAs in the vertebrate retina. Cell Tissue Res.
2014;356(1):187-99.

Xiang L, Chen S, Wang L, et al. Downregulation of miR-
183/96/182 cluster is associated with photoreceptor degeneration
in retinitis pigmentosa. Cell Death Dis. 2017;8(4):e2721.

Ng TK, Fortino VR, Pelaez D, et al. Progress of mesenchymal
stem cell therapy for degenerative retinal diseases. World J Stem
Cells. 2014;6(1):111-9.

Fan Y, Chen J, Zhang C, et al. Functional loss of miR-183/96/182
cluster results in syndromic retinal degeneration and disruption of
photoreceptor  function.  Invest  Ophthalmol  Vis  Sci.
2017;58(8):2768-76.

Komuta Y, Haruta M, Kosaka M, et al. Embryonic stem cell-
derived photoreceptor precursor—like cells induce visual function
after transplantation into a degenerate retina. Invest Ophthalmol
Vis Sci. 2010;51(4):2052—60.

Koike C, Nishida A, Ueno S, et al. Functional roles of Otx2
transcription factor in postnatal mouse retinal development. Mol
Cell Biol. 2007;27(23):8318-29.

Wright AF, Chakarova CF, Abd El-Aziz MM, et al. Photoreceptor
degeneration: genetic and mechanistic dissection of retinitis
pigmentosa. Nat Rev Genet. 2010;11(4):273-84.

Tehran Univ Med J (TUMJ) 2025 August;83(5):369-76

http://tumj.tums.ac.ir

22.

23.

24.

25.

26.

27.

28.

. He L, Hannon GJ. MicroRNAs: small RNAs with a big role in

gene regulation. Nat Rev Genet. 2004;5(7):522-31.

Duda T, Pertzev A, Sharma RK. Vertebrate photoreceptor sensory
cilia as calcium-modulated signaling organelles: a novel role for
recoverin in cGMP synthesis. Mol Cell Biochem. 2015;407(1-
2):1-15.

Davari M, Talaei-Khozani T, Talaei-Khozani M, et al. MicroRNA-
mediated conversion of human retinal pigment epithelium cells to
photoreceptor-like cells. Mol Cell Probes. 2020;54:101667.
Osakada F, lkeda H, Mandai M, et al. Toward the generation of
rod and cone photoreceptors from mouse, monkey and human
embryonic stem cells. Nat Biotechnol. 2008;26(2):215-24.
Avellino R, Carrella S, Pirozzi M, et al. miR-183 family and its
regulative loop in the retina. Cell Mol Life Sci. 2017;74(12):2015—
30.

Yeh L-K, Chen W-L, Li W-J, et al. miR-183 regulates cell
proliferation and survival by targeting the AKT/mTOR pathway in
zebrafish embryos. Int J Mol Sci. 2019;20(10):2460.

Conte I, Banfi S. miR-183 cluster: a new key player in retinal
degeneration. J Ophthalmol. 2014;2014:1-9.

Karali M, Peluso 1, Marigo V, et al. ldentification and
characterization of microRNAs expressed in the mouse eye. Invest
Ophthalmol Vis Sci. 2007;48(2):509-15.

Pierret C, Morrison M, Lagali PS. miRNA Regulation of
Photoreceptor Development and Function. In: Tombran-Tink J,
Barnstable CJ, eds. Retinal Degenerative Diseases. Advances in
Experimental Medicine and Biology, vol 1185. Springer, Cham;
2019.


https://tumj.tums.ac.ir/article-1-13622-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-04-04 ]

menthiy

I [ ) I\/I | Tehran University Medical Journal, August 2025; Vol. 83, No. 5: 369-376

Original Article

The transient role of miR-182 and miR-183 expression in inducing
photoreceptor-like characteristics in human bone marrow-derived

Samaneh Arab Ph.D.!
Mohammad-Reza
Mahmoudian-Sani Ph.D.?
Najmeh Fattahi Ph.D.3
Zakiye Ekhlasi M.D.4
Samira Asgharzade Ph.D.*

1- Department of Tissue
Engineering and Applied Cellular
Sciences, Faculty of Medicine,
Semnan University of Medical
Sciences, Semnan, Iran.

2- Thalassemia and
Hemoglobinopathy Research
Center, Health research institute,
Ahvaz Jundishapur University of
Medical Sciences, Ahvaz, Iran.

3- Cellular and Molecular Research
Center, Basic Health Sciences
Institute, Shahrekord University of

Medical Sciences, Shahrekord, Iran.

4- Clinical Biochemistry Research
Center, Basic Health Sciences
Institute, Shahrekord University of

Medical Sciences, Shahrekord, Iran.

*Corresponding author: Clinical
Biochemistry Research Center, Basic
Health Sciences Institute, Shahrekord
University of Medical Sciences,
Shahrekord, Iran.

Tel: +98-3833346691

E-mail: Asgharzade1396@ gmail.com.

mesenchymal stem cells

Abstract

Received: 10 Jun. 2025 Revised: 17 Jun. 2025 Accepted: 16 Jul. 2025 Available online: 23 Jul. 2025

Background: Retinal photoreceptor degeneration is a major cause of blindness. Stem
cell therapies offer promise, and the miR-183/96/182 cluster, particularly miR-182 and
miR-183, plays a crucial role in photoreceptor development and survival. Targeting
these miRNAs may enhance human bone marrow—derived mesenchymal stem cells)
hBMSCs (differentiation into photoreceptor-like cells, improving their therapeutic
potential.

Methods: This in vitro study was conducted from April 2019 to March 2021 at the
Clinical Biochemistry Research Center, Shahrekord University of Medical Sciences.
hBMSCs were cultured in DMEM with fetal bovine serum and transfected with miR-
182 and miR-183 mimics using Lipofectamine, with a scramble miRNA control.
Transfection efficiency and miRNA overexpression were evaluated at 24 and 48 hours
using real-time PCR. miRNA expression was normalised to Snord, while mRNA levels
were normalised to GAPDH using the 2—*4* method. Photoreceptor-like differentiation
was assessed by measuring the expression of retina-specific transcription factors and
markers (OTX2, CRX, NRL, SLC1Al, PKCa, Recoverin, and RHO). Statistical
analyses included the Shapiro-Wilk test for normality and the Mann-Whitney U test for
group comparisons. Data were reported as Mean + SEM, with 95% confidence
intervals, and significance set at o= 0.05.

Results: Transfection of miR-182 and miR-183 significantly increased miRNA levels at
24-48 hours (P < 0.001) compared to the scramble control. This led to a marked
upregulation of retinal-related genes, including CRX, OTX2, PKCa, Recoverin, NRL,
and RHO, indicating activation of the photoreceptor gene network. Time-resolved
analysis revealed stronger effects at 24-48 hours, supporting a transient window for
pro-differentiation. RHO and CRX exhibited the most significant increases, while
OTX2 and PKCa showed parallel rises, suggesting coordinated activation of early and
intermediate photoreceptor programs. Scramble controls did not show comparable
changes.

Conclusion: Transient overexpression of miR-182 and miR-183 in hBMSCs activates a
photoreceptor-like gene expression program, promoting differentiation toward
photoreceptor-like cells. This finding supports the potential use of miR-182/183 in stem
cell-based therapies for retinal degeneration. Further studies should confirm protein
expression, functional outcomes, and in vivo efficacy.

Keywords: human bone marrow-derived mesenchymal stem cells, miRNA-182,
miRNA-183, photoreceptor cells.
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