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Abstract

Background and purpose: Lentiviral vectors (LVs) are suitable candidates for gene delivery to
cells with stable and high-level of transgene expression in target cells. MicroRNAs (miRNAs, miRs) are
non-protein coding, short (~22 nucleotides) and single-stranded RNAs that act as post-transcriptional
regulators of gene expression, and are involved in various cellular processes, including proliferation,
differentiation and apoptosis. Several studies have shown that miR-499a promotes cardiac differentiation
in cardiac stem cells. So, the aim of our study was to construct lentiviruses carrying miRNA-499a.

Materials and methods: Specific sequences of miRNA-499a (3p and 5p) were designed and
constructed. Then, miRNA-499a was cloned into lentiviral vector. Analytical digestion and nucleotide
sequence analysis were performed to ensure successful introduction of the miRNA to the vector. Then,
the lentiviral particles produced (miRNA-499a-3p and miRNA-499a-5p) were used for transduction of
human bone marrow-derived mesenchymal stem cells (hBM-MSCs).

Results: Analytical digestion and sequence analysis confirmed the accuracy of the constructs.
The high expression of eGFP represented the high efficiency of transfection and transduction. The
lentiviral particles carrying miRNA-499a-3p/5p were made and could transduce hBM-MSCs.

Conclusion: In this study we made lentiviral particles carrying miR-499a that could be used for
differentiation of stem cells to cardiomyocytes.

Keywords: lentiviral vectors, MicroRNA, miRNA-499a-3p/5p, differentiation

J Mazandaran Univ Med Sci 2018; 28 (166): 21-29 (Persian).

* Corresponding Author: Bibi Sedigheh Fazly Bazzaz - Biotechnology Research Center, Institute of Pharmaceutical
Technology, Mashhad University of Medical Sciences, Mashhad, Iran (E-mail: fazlis@mums.ac.ir)

21



ohy—3)ls (— S B}y oL coll hiba_L ae
(M-b) 1WAV Jlw o1 194 o)lads el g Cauuy o)9s

g MIRNA-499a 02iiS (jlu |,wg pg il Yolo calw g ,al s
Glasil sl o 5alis slam gl s T L

' b deus
"3 jWe iloww
I ldd 40 (o (2

0
P25 oo Suzo

oy

Y bLas )
YAOLz1 S (pmol oo
23S
S YL 0L o il 5 o 5 009 ad sk 4 05 S (6l olin (sla Jalom g s o5 2 (Lo, 5575 1 B0 9 diblw
L S S oA S US b S RNA I a5 8 «(MIRNAS) s RNA ) 5 0L e (slad shor 53 103 pslike
a5 o b ol 55 S e I8 MRNA g 25 W1 L ez 5 5l G b 1 (oo 500 51 gy 15 05 0L &8
sladsw 3L Hs MIRNA-499a 45" Wlesls oLt glallas .yl oo (,.:LJ Ly Sl b des 5 godaze 2
JBU s 9 e 5 s Sl amdlls ol Hsceds ST Clee 4 a5 Lo yls i I8 slad sl 4 oLy
3 F 5 3y B sl L s ealizul g MIRNA-499a
OIS Sloss g Ay 53 g odd astlw g =1, MIRNA-499a 4 b 0 0D 5 YP slaaci ; :la by 9 slgo
Q\)SW.A_LJJ?CL?J\ L 5 e 5T eman (G5 1S 5 oy ol s 39,55 51 Olabl (sl s
sladsw i85 6l s L e Lo MIRNA-499a-0p s MIRNA-499a-3p slaas ) ol w5 )
iz 8515 eslinl 55 g0 Ol Ol gutal jhe kil o
4 MIRNA-4992 4 L 5, 14 O 5 YD slasti ) e 05 055 ¢ oL N5 5 car 5T puen I ool s laidly
Sl s, 8 .35 iS5 il 5 mﬁawlj YL o edias 3L @GFP (YL 0Ly . isls Las |y dedy J51s
L5 5 el zo 5l glad s ST il 5 s Azl 5 cols Lo MIRNA-4992-3p/5p (glaazs ) Jal>
slis Ol e 4 42 5 b 45T (b I 5 MIRNA-499a-3p/5p U vy 5 o sla ol andllan ol s g biionl
5,8 15 bl 5y 50 8 Sl sl 4 ad gl )l L5 53 515 oo ¢ ol 1o (g3t Lo s 2S5 il 5

)'.iL‘J RNA ﬁ) CorI LI éJ:(SMS ‘5Lb bj’l,

4o b0

u:_..?rh}d}lm‘b:})} ‘LS)L'“’ abjjTaﬁ .19l>r.§)|4§ LSUA..L..&T_}S): Q} JLED‘L?JAL&ALSLAJJ:{}
Sglize SLuST b 0L e (slad s s (g5lunl 15,8 e 5 eslimal 350 b Jobe S5 (5,8
E-mail: fazlis@mums.ac.ir 513 J S 055 wg byl 0uSltils oty s abT ST 1 sh tgiin — g (SuBD A3 30 (52 (52 1Ugkame g

Ol e g (S o5k o831 (51580 s DS S o ¢ g (515575 (5 gmmil )

Ol edga g (S o ke oSl (551585 g Dliiond S o (0558580 s g (51575 Y

Ol eoge chgn (ST o sl o8003 ¢ 55515 (639555 sl (53555 g Dliiond S0 okl ¥

Ol e g (S5 0 5ke &l (g yl5 0aSLiils g s J S 05 S sl F

O et tgiin (S5 0 sl o8l ¢ (S0 5 0a8Cails (S oSS 0n £ oLl 0

Ol g cgtin (SCa 5 p5le ol ¢ Sy oS5 Dliion S0 5L S

Ol ek g (933 o1 ¢ gl 0SS ¢ lid Ty 505 £ skl ¥

Ol et gt (ST e ol8tils ¢ Kby 585 Dl S e skl A

Ol e g S sle okl ¢ Sl 5y Sl ¢ pulid S o 8 okl &

AVAZATEREE AP/ IV: Dol g ol AL AN A

199V 0T« 14¢ s)laids (@il § Cuny )9 ohsjls (S eolc oGSl dlas pp



ul)lSnb g ybbisi atsag

L g MiR-4992 .5-M)AS oo Las| (W ras 500 3535
MIR-499 o5/ sl I (g smie 5 odd 1S Myh7h 0
Cod ol il sde 95 GlHls ool il pl Ldll
Slyls 45 4t MiR-499b s MiR-499a ol 5s
cols 3V ey 93 a ges e ol —adl Hlla
MIR- .48 e slowl 1, 0P 5 ¥P slas 428 5 S o
ol éb S0 g Olsly g ¢ g I8 slad sk 554992
SR e S5 e (b 53 0T DLy 5 0o
$la, 55 5 ¢SS 4 MiR-499a Jlas! (A1 )L oo
ol oIl Ol o ol lad s 4 g 9
Ot O @)l 0k 450 s dv ;3RNA 3,
sl slad v 3 RNA 5 ol )l Oy
Sladsbo o35 gl St Oly ol Bl o caliies
ol Lo 5o 33,5 4 Lad sl o) L3 5 8
MiR-499a |sl> sla wg g I ol ol .0Vl
@3l sladshe b 53 530 Ol Ol Wl 5 (o0
LS5 Ls A, S 18 eslizad 5,0 (B Gladshe
L SlLale (51 Oleys 3 o goo 53,8
ol 3 s kg5 a8 S e o 8l T b o e
Op 5 ¥ glaaziy Jol o s 5 (2 A 55 canlllas
sdsle 5 5L aS sl e MIRNA-4993 4 L 4, 0
20 G2l (213 Ol o aOT (225715 il 5 5 (sl
osliul L a2z ss &SI 5 slad she 55 RNA
Sl Ol (RIS s (o Jl ol
Ol gl 520 (o5l slad s ;> MIRNA-499a
Lad sho o 51l Sladllas g1 1y a3 015 o el
2lad la dsha 5l Gleys eslinal 5 (oI5 slad sho 4,

sl gl b 4l

L o9, 9 dlge
Ll g e s G Sl anflles
MiR-499a J5 8" O oS 5 Cotlw ¢ >/ b
hsa-miR-) hsa-microRNA-499a By
miRBase =L ;I (hsa-miR-499a-5p 5 499a-3p

5 Il gl Ly sy o Sl 5 S il
il e g 29 S Sl S 5 a5 ge a0 Oy
Aed o85S s s (S Sl e )
s st e s Lu HIV-L g s sl 5 o8
o3l gl 33 aae 5 s 55,5 S HIV
Sl SIS 5 Sl 035 g 9 (5 i g 0 9
Al g 0315l 05 glords (S 58 Do 5|
sladshe 4 05 sl Sl cwy s s sla) S s
Ly 03 el S glad gl immen 5 e Il
0L slad shw 53 a0 polde Oly o 5 L1 1)
unie Sl sloos 8 Loy 5575 (YL 55 o
Lo S (55 o o s (Slad s 5
Glad g ¢ L5 ISl Clie glad sl (il g b
Sladsbo peomen 5 US” Glad ko () 05,0 248
Sl 55875 Las go 5l 3 a5 )50 |y Calids (600
S35 el 48 s o (b b (s s
L3 o lagslen sl o 0 iST 3L 55 O s s
03 K s 28
odS U & s RNA I 255 WRNA
3 6ol 53 o8 dn (55 43S 5 ¥ -YF) S5
2590 3 ey oS ol Olgan b 5,
MRNA 4z 5 lge G b 5115 05 Ol 5 sl 0 5L
MIRNA (lad 5 g0 S o J 28 0T @ 20 1L
ab 53 e MRNA (65 oS JI5 o dlasl b
Js 50 sles! (untranslated region-3') UTR-3'
et 533 31 o 03 0y (e o2 B e aMRNA
NS ST 5 G b ol 5l s e
o 5 55T e oIk 255 daz 5 (630nie
2048 Sl eals Olis Slallas O AS o o
Calizes 3L 5led 5 oS ) (gadaze sls RNA
S pled s anlllas LS o 1 la) Dols g g0 O
25 e GLaRNA 5, 5 a8 Gl osls Ol 55 LIS
La0T Ol 53 48 el Josis ol S5 5 s

=B sladsw slawl js 1) age i MiIR-499a

pw 199V g0T (164 s)laids @ifo § Cuny 2)9s

ohsjle (Al ek oGRSl dlas



MIRNA-499a 53335 by ;w919 ;3 Jals C3alw g (,ahb

LoT 4 MIRNA &8 s lad gai) ol 555 5 slad sai
Gl sl S5 5 (Wl S (oS 505 b s ool

Sl b ol 5 S slewl Sl iMIRNA
dodly 4 o 3,15 slakg IS5 Sl Mg

i eslial K b g sy 5l 8 oS s

&l
hsa-miR-499a-5p-Forward
CCGGANMCATCACTGCAAGTCTTAACTCGAG TITTTIG
oS Jao 4l

hsa-miR-499a-5p-Reverse
AATTCAAAAA CTCGAGTTAAGACTTGCAGTGATGTTT

e oo il

hsa-miR-499a-3p-Forward
CCGGAGCACAGACTTGCTGTGATGTTCTCGAG TG

oo Joko 4l

hsa-miR-499a-3p-Reverse
AATTCAAAAA CTCGAGAACATCACAGCAAGTICTGTGCT

Ry Jose &y

SHC007-hEEF1a1.eGFPgCe AmpR
(8172 by)

8 \cPPTICTS
i

6uu)6lﬁjﬁjjﬂéhﬂ\ﬁ@lk:\ olod g
= Fls 53 La 0T 03,57 051 s MIRNA-499a ouS” U S
}:_ujousdduai)yjjkﬂéhg‘jid‘cwjﬁ}
a3 e im0l 1 0T Lo San JoSa sla I 0,5
G8 & o Bl L S5 5 ) slowl (sl K
IS 1) 5T 51 s ol 55 K55 ol (sl JI5 5 o
©la 23w OT 53 & SHCO07 487y K5 4 1 a0
3SGIAI 5 ECORI sl 0 35T i s sla ol ) 5575 s

ol 0 0315 L2 MIRNA-499a (5,8 51 3 Jous

HEK-293T (sls oo iSG il
slacSunts ;s HEK-293T (slad sbw liz
©ladshn o515 48 Jlaej 5 Ll ciST \Vbem?

Ladshw 4 2808 sl 5 Loses ey o y5 $O-V

ol 5 s AT Cwsas (http://www.mirbase.org/)
S A 5y S sy o e ol b 5
b e S5 o el 53 A eslinal
I s Sne JaSe 15 SAL 5T 51 ol
<hsa-miR-499a-5p L, hsa-miR-499a-3p suuS"us
Olsisas a8 Xhol 5T 2ol Kl 4 by o JIs
hsa-miR-4992-3p odcS'aS” JI g (4SS o Jos )
I 4 ST lads IS 4 hsa-miR-499a-5p L
5 3L e polymerase 1 RNA ! ;s 555, OLL
s 8 1S ECORT o 5T 31 oSl 4 Loy e I
Lydsas 8 5 5,0y i) Ol & a8
(Y o)led pguad b a5, atdy OT @ ar g
Ol 1y oS oo sl 155 5 oS0 (cla 15
Cl_?gl,ﬂ:g,,ﬁm),:Q}:M\.\iﬁub\);..u;&
Sl S5 S G gl o 2S5 plondl gl
cble L miR-499a -3p/5p odiSAS 5 i 5 9
el ¢S Sde 4y 5 Likes b glses 5 cags Vo0 UM
Lo 5 O gl jod J geames i 515 GBI gles 5
323 = 555 s Bl 3505 05l AT 3
el gl o s (OLJT (Sigma-Aldrich) SHC007
SECORI (sl 5T L 5 daDly oy 112 RPN
G S e sloul e (slgsl 95 a5 SQrAl
O 5 BUI sles 45 45 0 5uul&I 2S5 b s o3l
Lot IS5 S5l 28 5 bl o 5 ol 65 ke
(Fermentase) T4 DNA lygase ﬁ}JT Sleslewl U
i o =Y ojlad pgead Lk S s 5,05 (K 6T
STy s e 0Li |, SHCO07 587y S5
J1s a0 S 55 s,y 555 2505 5 O smnley sl
osle_wl L Gene Hog « s Escherichia coli s S,
4 o 5T on (2S5 3 8 plnil Gl S 40
-3p/op 4 b s m sl JI 5 e 2555 NI =
S e A el B s 50 5 2575 4 MIR-4992
S P IP TR JTU ST R R
Oy Al g5 s 45" (XhoI 5 PVul Haell (Accl)

199V g0T (164 o)laids @ifo § Cuny 2)9s

ohdjls (S eolc oGSl alss Pic


http://www.mirbase.org/

ul)lSnb g ybbisi atsag

0315 522 PBS L as o 4w Lyl 5 A ails
FBS L;)L>-JW¢_,L§JQ_>U\_AQT4_§¢QJ_&
oslizul b 528 il 5 o8 . ds Ll (doys V0)
eGFP L. g ou s Ci;l_wk_.ﬂc,.:_wul;),_;jl
<<l. VY ((enhanced Green Fluorescent Protein)

S 908 20 ) e

b asl
mIR-499a-3p £ .Afj.d 5[@ J(f“@w 3999 %.3[:"
miR-499a-5p

miRNA-499a- J_A\> 919 Lf:"j Lgl.h‘)}:f}
PVul Haell Acch) o 5T ¥ Law g oJ 8™ 5 3p/5p
éﬁj«.&&uo}:b.\;.\_& o5l u&f(XhOl E)
&y g > (MiR-4992 -3p/5p sla JI 55 Jul> 558 4
Loalie ool asl 55 o b I8 oo 2555
S om0l 315, 8 slonl CalbY oyless s
OMT@JJGLLZ'MLQL% Q}KJ‘JLJD)}A 6&)}5}
ssb e ola 5Ss n5T ln ST ks
‘)M}ﬁob;uE)J‘)u@ﬂ;}Sﬁj\CM
b5 STy (7 5 oY oslad pa) 58 LT
S A 5 ey 53 g pbe Al ghte 4 &S
au\_ni/J)bLsS‘}JWL@.ﬁurL?d‘J_BJ)}_A
e sl S5 0,8 Al Ly STy (= o
= Cale 6l MiR-499a -3p/5p sla M5 Jul>

L eslaial ¢ﬁf6uu~)ﬁ}

—|! SHCO07-hEEF1ai eGFPgee: Acxl
s 2 SHC007-hEEF1ai .eGFPv2recombined: Ac:
S % SHCO07-hEEF1a1 eGFPgecmird993p: A
T =T 7|4 SHCO07-hEEF1ai eGFPgcemird995p. Az
§ SHCO07-hEEF1at eGFPgec: Hael
& SHCO007-hEEF1at.eGFPv2recombined: Hasll
7. SHCO07-hEEF1a1 eGFPgcemird993p: Haell
§ SHCO07-hEEF1a1 eGFPgcemird995p. Hael
§ SHCO07-hEEF1a eGFPgee. Fru
ot o e, 10. SHC007-hEEF1ai eGFPv2recombined: Pvul
11. SHC007-hEEF 121 eGFPgeemird993p: Fvu
— 12 SHCOO07-hEEF1ai eGFPgeemird395p: vl
13 SHCO07-hEEF1ai eGFPgee: Mha!
—| 14 SHCO007-hEEF1ai eGF Pv2recombined: Jhol
15 SHC007-hEEF1a1 eGFPgeemird995p: frol
18 SHCO07-hEEF a1 eGFPgeemird993p: Jrol

9 (V6 mM) NaCl sl .E.:_:u Cf“i‘ EAPT -
«(OLJT ¢PolysciencesEurope (PED) el U1
sSeS ey 53 s MiR-4992 -3p/5D sl Aoy
D VVY i b s 5 4 pLPVSVG (psPAX2
ol 3 Sl VPP S ad ke 6,515 51
P55y S b g L s ESGs 5 Ol s
o258 eSS il 5 aes s Ay p sy gl
Qe}U@uPBSQ&J»&MJ‘MJGM

A5 5 wlsl s oT

ko] Cons 4y (Gl gy CLile i) 5]
Gl & bk 28 Lo (sl FA I ey
3o gn U sho i 500y Sl 0399 s g Sy
Qle@g,&w)fbg.x;;&)boTﬁ
0SS s s Sl ST Lo (g iy (5
s 8 BN 0T s o y3 Yo 558 g 5 0 Jia
a5 F glos j3 akds 55 53 VO vy Cele 3 Dl
4 o (la g 29 LS a5l 350 51 8 Sl
s4i - (o3 VIBSA 2y SLdee 5506 &

L LS)‘-A.@.{J -A°C )J.'f.J'e BL

‘;«rfu'b'.# L;"é“‘:" L;Lé Jj.lw Jm) UMJ{/;
Oluil Ol gl 520 M‘}A b slad sl
Slass S e 5l codd Cano g s (NBM-MSCs)
Lshli_ij\.s sl oot s é&};)ésl{g clad s
OBl ¥ 5Laly 51 5L 5550 (sl shor ik 4gs dgn
el FA 55> Lds CoiS OX) e sl 4 g S
aS Ay b a0 LOT Ol e b gl CiS7 51 g
h')__:.\).v u\.v..\.u\.&ﬁ ‘J ii.wwg}ju\_ﬁé).\/\' S gl
38 S G s s by sS de Glad s Al e
9 m|R4993'3p J_ﬁl> Lsug"}_f.’.) G(RNA ) Q}.Ls
Hlas Bl sbas ¥ pl/ml CLake L mir499a-5p
)b@b\?&@@wjﬂjd‘gb-heu.v\iﬁ

J sl 4 0TSl g 5 285 513 b s 2 2

PO 199V g0T (164 s)laids @ifo § Cuny 2)9s

ohsjle (Al ek oGRSl dlas



MIRNA-499a 53335 by ;w919 ;3 Jals C3alw g (,ahb

sl Jsbw 53 6GFP Ol :Call 8GFP Oly gy oslod 59
2348 jkailes . e iilie ool gla Jslo i HEK-293T
S HEK-293T (sla J gl Lo js Ar 3 9u 3 54 0 odaline ) geas
1y e 555 5 03,5 €GFP* ail o (g3l (gls J gl Ao p3 Vo

Ll esls olas

Ol 33 oo 55 o e Jlo 51 5 o 5557510
2 Sl 05 pie b falS Cle o
e Jbo 4 o T OT il 5 51 gl 2
S r Sl (S 01338 e sl (S
SLALl e 5 ¢ b Lo lan L b o a5
Slad sl L LalT 0 s 00 8oL 50> o]
oz 51 admte (J gl wlin (1) Sl o 65 Shes
o ple QUIs (Wl e ol glad s
A s 3l gy B 3 Sas 3 50 5 om0,
6L 5 slaas 95, 9T Cws 4 (00 APl |, OT
lad s oLl 0 g Jlasl L5l S e 3,8
Al gl gy Sl eslil gin Vitro Ll a5 osly
Ll LOT edis 5l s b sk ol 053350
B s Al cwg g by Sy 5l eslinal
53 sy e sl 05 (SKieen 0L polbs W1 Ol 5
ONLS Caw Iy Coda sl sl

(a0 S Aas o 0Lis B (5 L5 s anlllae
e ol 5 5SS s (goae Julse s RNA
J s L gn 35,8 sl 5 I8 Glad she LS
0 aS Wlesls 0L o 6 Slalllas Sl ol 55 (19) Aies
Lo 50 3558 5lawl 5 5Ll Caw (534220 SLLRNA

>4 miR-499a :& LaoT Ol i a8 W 4d

- miR-499-3p

a b ¢

Accel Haell PVul Xhol

& miR-499-5p

10000 bg
8000

5000bp
4000 bp
3000bp

2000bp

1000bp

Accl Haell PVul Xhol

lr 5T b g (s 5T omon I Jol oY 0)leds 598
SWasl 5 s (gla 0L o311 il Xhol 5 PVul Haell (AACCT
ot slaml (sle b i e Calien 6lba wgad b @ 5T 5151 g
dMiR-499a-3p I Calibes gla 05057 55 (oo 5T oo 5l Juol>
OLES eSSl g L Cikiies (sla 0 4IS™ miR-499a-5p 1

r\qﬁ‘dT&jJﬁ@i;TMEQ«é\)ﬁ))Vu\}‘c-\f&u:\:

(! ol

HEK-293T (sls Jslow 525G il 7
OLas HEK-293T (sl J s 255 il 5 s
HEK-293T slad s 3l dioyn 4 59d>4S sls

-y o)L‘...i: ﬂ_}d) NIy < dl:-* \) eGFP

oo 3L (sl ko 25T il

il ool sl Jsbe 3515 5 s
Wy a5 5 gy o) DS o ys oS
S e L J g dem )5 A 55> 534S 5l DL
¥ oyled s ga) L5, Ol 1, 8GFP g, 4w 538
Ol edas 0LEs eGFP (oYL 0l 8 L l-0T (o
Slad sl il o OT ol op 0l 0457 sla05 SV
MIiR-499a- b Ol e 4 Al 5 el 3o (65L
LS ol 1, 3p/5p

199V 0T (164 s)lasd «eifs § Cuny 5)9s

ohjls (Sb)y eolc olEilSl alas Py



ul)lSnb g ybbisi atsag

Sladshe e ok e Jsko 51 ol 5l 055 0
sladshe 5 0Ll b8 ool slad sl ¢ 5L, oLy
MR- ol gl g g 2Ly ool o o5Ly
shls s dl_, e G s 093,18 4 5 0 £12)1 4992
Slalllas wlal .0 v @St asl ples 5 Shes
e ol 6ol lad sl 2S5 il 5 058
s MiR-499a | al> gla g9 b 0Ll O genul
Sl o s ool OT as by 0 0P 5 YP slaazs
@l gladsbw iSTs Luil 5 oS &S S0l
Sba s (g Ol Ol il e ool o
P g ps ol 5018 o el 055 YU ol L
o, 5 6ok sla Jske Lo 4 by e Olalllas
cpomad (Y ojlacd p guad) 3 gad oolizl LOT Sleys
Jel- sl s s = b 5 NBM-MSCs (LI
Oglate [iE Ll o MIR-4992 0D 5 ¥P slaas
aia sl ol L 40T 3 55 1,0p 5 VP slass,
Sda U a5 (Si gy ol gladle 3 350
Glols 50l (B L as,y Cus l glacil o Kl
e e GLaas L 51 (K Ol 4 emlin > Shee
Lo sloy dlax 3l Caliiee (Sl slay Ol 53 ( (S5
e sk Sl eslinal .ol o @l s 55 35 50 ¢ S
Caxg LLRNA ) by Laol Gl g gsls
Lad S50 cpl 3 et L5 oo 0T ge (glas S,
Slad gilwag sosls olis 1) plas a5 s

335 oy 55 5m sl 3L 4 ool (slad s

S =83 4l 0L 055 5 e anlllan o
=3y’ Cf]a)wk&ﬂc-’b o\iﬁdbwﬁ
QL@E}J;JAJLAC_A__L&\JJ 6> g (Y + VAV oyleds
ol (’L’”“LG—’;“L_;—‘ZJ.’.(’}X; o\iﬁdb 65‘53}.&;}:;
Sy s Slsyd ol e adlie 08t 5 ol
(P eSS o\i_i.ll.a)'T sLel Sl ) LS0a
.EIUJ‘J @(W‘ v\.J.A u.,\.l\( L;’;’J‘l a‘g.fw"é ;j“

R U s e 0B i ol glo s 53 2S5
s 4 4z gL .OWVICul 4 g 5B o I slad gl
5 o) e ol ot candlan ul s oks ST
C—¢> MiRNA-499a-5p s miRNA-499a-3p |3
DN B (0 2050 Ol (ool 3Ly (slad sk (Al
by e 0p s ¥P sty Mg skl 23S
Aoy 55 g odd alw g o>I b MIRNA-499a
L OIS sl o5 s

O (ol JI5 5 oo 5T ln Sl Jols il
MiRNA- 4 b 5 2 0p 5¥p sla by e O
sl QLA w9 o el J15 44990
@y gl dshe 5 s g s () Clo Sl ey
ST 5 LS Ol Ol sl e pantil o
d;l;om@u}ugﬁ‘mu@udu I
Al il 5 el e (o3l slad sk 51 (6L sl
AT 3L HRNA ) el e

MiRNA-499a 45~ Ulosls 0L (63b 5 olalllas
SPIFL 5 (S m i a5l sk o
3 SO &S Ol e 4 Ll 5 o 5 xbls BB O
Olge ag 00,8 13 a5 3590 s sley (52 02
e 3l T pLn 3 RNA 15 ol 0Ly e
A 0055, o YU 0T o Tl 5 4Bl 5!
MIRNA- 5Ly 45" WUlesls 0L 5 (6,505 Slallas
LS o et Oy Sl o158l ys cadia sk 499a
by 53 ol Jole S5 Olse 4 0T YL 0L
5405 Ol tile Gy (sla S s & Mg 5 25
35 eld S5 a8 5yl 0len (TS e s i
PRNA 5 ol 63 ,Shas 25 Slallas 51 (5 ke
o o B ladshe 1l 5 b JelSS T
ol 0l J =S MIRNA-499 J 550 a ol 0L
s ol (ol a8 515 0dge 1y (MBess gl O )
PRS- YU N BN Y PR I PR PRR &
G o MIR-4992 0Ly 5kt 213100350

Lal o g 3,8 & (o3l sla Jsho 5l b ,h

PV 199V g0T (164 s)laids @ifo § Cuny 2)9s

ohsjle (Al ek oGRSl dlas



MIRNA-499a 53335 by ;w919 ;3 Jals C3alw g (,ahb

References

1.

Barth AS, Kizana E, Smith RR, Terrovitis J,
Dong P, Leppo MK, et al. Lentiviral vectors
bearing the cardiac promoter of the Na+-Ca2+
exchanger report cardiogenic differentiation
in stem cells. Mol Ther 2008; 16(5): 957-964.

. Limoni SK, Salimi F, Moghaddam MF.

Designing pLEX-LAMP-DARPIn Lentiviral
Vector for Exression of HER2 Targeted
DARPin on Exosome Surface. J Mazandaran
Univ Med Sci 2017; 27(151):12-23 (Persian).

. Allahverdi A, Abroun S, Jafarian A, Soleimani

M, Taghikhani M, Eskandari F. Differentiation of
Human Mesenchymal Stem Cells into Insulin
Producing Cells by Using A Lentiviral Vector
Carrying PDX1. Cell J 2015; 17(2): 231-242.

. Wahid F, Shehzad A, Khan T, Kim YY.

MicroRNAs: Synthesis, mechanism, function,
and recent clinical trials. Biochim Biophys
Acta 2010; 1803(11): 1231-1243.

. Zheng S, Zhang S, Song Y, Guo W, Zhai W,

Qiu X, et al. MicroRNA-297a regulates
vascular calcification by targeting fibroblast
growth factor 23. Iran J Basic Med Sci 2016;
19(12): 1331-1336 (Persian).

. Tao L, Bei Y, Zhou Y, Xiao J, Xinli L. Non-

Coding RNAs
Oncotarget 2015; 6(40): 42613-42618.

in Cardiac Regeneration.

. Tian J, An X, Niu L. Role of microRNAs in

cardiac development and disease. Exp Ther
Med 2017; 13(1): 3-8.

. Jakob P, Landmesser U. Role of microRNAs

in stem/progenitor cells and cardiovascular
repair. Cardiovasc Res 2012;(4): 614-422.

. Hosoda T, Zheng H, Cabral-Da-Silva M, Sanada

F, lde-lwata N, Ogorek B, et al. Human
cardiac stem cell differentiation is regulated
by a mircrine mechanism. Circulation 2011;
123(12): 1287-1296.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Wilson KD, Hu S, Venkatasubrahmanyam S,
Fu J, Sun N, Abilez OJ, et al. Differentiation
of Human Embryonic Stem Cells Role for
miR-499. Circ Cardivasc Genet. 2010;
3(5):426-435.

Li X, Wang J, Jia Z, Cui Q, Zhang C, Wang
W, et al. MiR-499 regulates cell proliferation
and apoptosis during late-stage cardiac
differentiation via Sox6 and cyclin D1. PLoS
One 2013; 8(9): e74504.

Zhang L lu, Liu J jin, Liu F, Liu W hua,
Wang Y shun, Zhu B, et al. MiR-499 induces
cardiac differentiation of rat mesenchymal
stem cells through wnt/B-catenin signaling
pathway. Biochem Biophys Res Commun
2012; 420(4): 875-881.

Moran AE, Forouzanfar MH, Roth GA,
Mensah GA, Ezzati M, Flaxman A, et al. The
global burden of ischemic heart disease in
1990 and 2010: the global burden of disease
2010 study. Circulation 2014; 129(14): 1493-
1501.

Gimble JM, Katz AJ, Bunnell BA. Adipose-
derived stem cells for regenerative medicine.
Circ Res 2007;100(9):1249-1260.

Rajala K, Pekkanen-mattila M, Aalto-set K.
Cardiac Differentiation of Pluripotent Stem
Cells. Stem Cells Int 2011; 2011(1).
Serradifalco C, Zummo G, Felice V.
MicroRNA and Cardiac Stem Cell Therapy. J
Clin Exp Cardiolg 2012; S11.

Fu JD, Rushing SN, Lieu DK, Chan CW,
Kong CW, Geng L, et al. Distinct roles of
microRNA-1 and-499 in ventricular specification
and functional —maturation of human
embryonic stem cell-derived cardiomyocytes.
PL0S One 2011; 6(11): e27417.

Xin Y, Yang C, Han Z. Circulating miR-499

109V gbT « 164 o)laid el § Cuny 2)9s

Ohjls Sy eole slEkS) alas PA



ul)lSnb g ybbisi atsag

19.

20.

as a potential biomarker for acute myocardial
infarction. Ann Transl Med 2016; 4(7): 7-10.
Hu Z, Yu D, Almeida-suhett C, Tu K, Marini
AM, Eiden L, et al. Expression of miRNAs
and Their Cooperative Regulation of the
Pathophysiology in Traumatic Brain Injury.
Plos One 2012; 7(6): €39357.

You WD, Tang QL, Wang L, Lei J, Feng JF,
Mao QY, et al. Alteration of microRNA
uid of

expression in cerebrospinal fl

21.

unconscious patients after traumatic brain
injury and a bioinformatic analysis of related
single nucleotide polymorphisms. Chin J
Traumatol 2016; 19(1): 11-15.

Li M, Zhang S, Wu N, Wu L, Wang C, Lin
Y. Overexpression of miR-499-5p inhibits
non-small cell lung cancer proliferation and
metastasis by targeting VAV3. Nat Publ Gr
2016; 1-10.

vq

199V g0T (164 s)laids @ifo § Cuny 2)9s

ohsjle (Al ek oGRSl dlas



