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Construction and application of luciferase-microRNA-126 sponge adenovirus

XU Qiang”, TU Ding-yuan®, ZHAO Xian-xian’
Department of Cardiovasology, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai 200433, China

[Abstract] Objective To establish a construction method for luciferase-microRNA (miRNA) sponge adenovirus, and
to verify the binding efficiency of the expression product of the adenovirus and miRNA. Methods DNA fragments that can
be partly complementary to miRNA-126 were chemically synthesized. The miRNA-126 sponge fragments were amplified by
PCR, and cloned into pMD-18T vector and the 3'-end non-coding region of psiCheck2 plasmid; hRluc-miRNA-126 sponge
was further cloned into Ad-Track plasmid. After linearization by Pme I , Ad-Track-hRluc-miRNA-126 sponge plasmid was
transformed into competent Escherichia coli strains BJ5183 to homologous recombinate with Ad-Easy plasmid; recombinant
Ad-Easy-hRluc-miRNA-126 sponge plasmid was identified by Pac I, and then transfected into 293 cells to produce
adenovirus. Adenovirus was used to infect human umbilical vein endothelial cells (HUVECs), and the effect of miRNA-126 on
cell migration ability was detected by scratch test. Results The miRNA-126 sponge had a good complementary base-pairing
relationship with miRNA-126; double luciferase experiment showed that miRNA-126 could directly act on hRluc-miRNA-126
sponge. Cloning hRluc-miRNA-126 sponge into Ad-Track plasmid made it possible to synchronously monitor the efficiency
of cellular transfection and miRNA inhibition. Ad-Easy-hRluc-miRNA-126 sponge plasmid was successfully established by
homologous recombination of Ad-Track and Ad-Easy, identified by Pac 1 digestion with 4.5 kb fragments. When transfected
into 293 cells, luciferase-miRNA sponge adenovirus was obtained 7 days later. Overexpression of miRNA-126 inhibited the
expression of hRluc-miRNA-126 sponge (P<<0.01). Infection with miRNA-126 sponge adenovirus inhibited the migration of
HUVECs (P<<0.05). Conclusion Luciferase-miRNA sponge adenovirus has been successfully established. MiRNA-126 has

a high binding efficiency with the expressed product of the adenovirus.
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A% mRNA [ R ol B B, MRS )5
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MIRNA Y435 A 2 H 71T miRNA T gk
YERFSE R E B E WOk L SRS R A N
FFZ2 R IK miRNA 4, FF 5 255 57 & miRNA, i
7T 3 4P P A1 f) miRNA X #03E D]  1 FH Se B
KBTFEAY miRNA DRE . SR, T BRI Jeak
IR, LABRA S miRNA MR H AR A IE S0 L
2211 ORI a1 N 1 o e 1 R e g 8
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5, SR H AT 5 50, I BAAEE ZBAR)R
BRPE, ANBEAE K9 miRNA W40 IR dEmf, F8 2
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M, T RME R miRNA T 45 AR A1 380K 5
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AWK miRNA 4 7 Bedi A 212 R g
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NEl R BRI & A 98 [E Promega 2
Hl; JBE. M DMEM B FE . T - E AT
VW 3 5 Gibeo A 5 AR B A& 2000 A2 Top10
MR B 52 [ Invitrogen 23 7] ; miRNA-126 1 2 1k
JEokE J o BETOREIE [ 13675 3 25 B A BRA 7 5
iR T %% AR 40 ( Ad-Easy Jiikr . Ad-Track Jiikr )
12 #H4hMmE #EuE
Dy k= 7% N (A F e

1.3 293 Zafl3s i B b4 293 I 3R T8 10%
FBS F1 100 U/mL 7 - 5% 75 % /% = #if DMEM #% 5%
W, FEIE 11X 10°/mL 40 % B, B S mL 0T
HARR 6 cm RYANIERE SR, F540 i @l A B 4231
80% I FH I i 1A 2000 %% Yt Ad-Easy ffi ki, 24 h 5
B A0 1% IR T i & 5% FBS A1 100 U/mL 35 - %
R DMEM 15551

1.4 3%k & Bk 3 4E miRNA if & & 2 % 58 &
B -miRNA &% 69 4F A W LR 3R 293T 40, $%
R 1X 10"/mL 20 i 5% B4 20 M B2 Fp 1 24 FLA0 i 35
FEML, BEFLEEAN 0.5 mL. f 40 Ml B2 423 80%
A miRNA-126 3F 33K Bk 56 R Bk 5 90t 3=
it} -miRINA T 4 i o 5 DA 28k 04 A [] 7% 4% 293T 4
M. FEYITIEANR B miRNA-126 i3 %3k fFkr a§
Xof R JRE % IR 4L 500 ng. miRNA ¥ 25 42 45 HL
Z AR I AEFL 50 ng JinE] 50 pL & DMEM K5 57
W, [RIA7E S — 50 uL & 8 DMEM 55 55 1k £
A 2 uL I8 FA 2000, #E 5 min; —F TR
2], FERE 20 min. ¥ miRNA-126 1 ik ik
Bt B TURL TR AW A3 A 24 FLAH M b5 75 4 45
FEFLH, BRMREIRAETE 37 C AR b
F53% 24 ho il HIRUIOGER B R) & it p s 2
i 2% PR BLR RS, B 10 uL 40 0 S A U 2 S
B, A 40 pL G 2R A IR 77 AR 7k Lot
5, BRI —RES RILA 40 uL B 5 R B
MRRF, IFFE R S), IR 13 5 A KI5 3h
B DOER MR N, SRR POLRRE .
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1.5 BI5183 )é«i o0 T 0 ) & %Jﬂﬁﬁﬁmﬁi%
Hil s i G T A, BRI R AL
jt%ﬁ%l“*ﬁk BJ5183 HLTA ¥ 45 71 F] 20 mL LB 1%
FEWh, 37 C IR IR 6 h, RIEAFAE 1 mL 435
F] 1.5 mL B0 H, 1500Xg 4 C &> 5 min, 37
i A ELLAE I 100 pL A 1R A,
RO AT R, FRK 1 500X g 4 'C B> 5 min,
B A EOETIA 100 uL Fl 17
B, AWK, RAFT—80 C &Hl.

1.6 #m e %) JE 55 B WL 25 miRNA-126 * 4m )1‘7 #
fe 49 Fm B HUVEC &l T 6 fL AR, 75 40 e
fill & B % 60%~70% Hﬁﬁﬁﬂﬁﬁzlm%ﬂf*@iﬂéﬂ@
Ad-GFP I % # M Ad-miRNA126-sponge it 7§
B, Y 24 h 5 200 mL WA L T
IERgk, PBSIHUEG T 10% & HE DMEM 1 5%
Wb 3%, v 91T 00 12 ho i3S i i g2
E{EDii:I

1.7 %it5 42 R SigmaPlot 4 #1748 1T
T LIRSS R X4y Foom, AW R (K
5. Kegm/KHE (a) 24 0.05,

Forward primer: Nhe | and Xho [-fragment

2 #® R

21 48 miRNA26 i 445 E5F #E 4T PCRE Bk
i 1 SCHK S R E #OUE 52 AY miRNA-126 #J5E [5
Hooh it #% 4 % 4 J8 1 1§ 9 (a disintegrin and
metalloprotease 9, ADAMY ) . 1 %I Zf A= 4 4 56 fig
& TR P4 I 45 #4385, ( sprouty-related EVHI domain-
SPREDI) & H Ml & IR 1t
i TR Wi 31 32 1 9 #Y (protein tyrosine phosphatase
non-receptor type 9, PTPN9) 7t 41 g v fE 9% 9%
miRNA-126 1 ], 38 4 2248 5 3 F B S A vp 8
7 A 5 miRNA-126 Bt Xt /9 6% 3%, fF H Gg g 5
miRNA-126 BCXF, LUBE hi ik 267 51 5 miRNA-126
B 45 AR, AL S JE el v it I Al 2 Bl oy
cDNA J7 51l (E 1A) , PCR Y™ 1 ;= ¥ RE 6% i A
SLIVEIFAY 3 4~ miRNA-126 45 77 51 17 HR B,
KB B s 7= 40 Y 3 BR824 45 miRNA-126 A
OB AN X OE R, JEA A e E A A S
miRNA-126, PCR 4" 34 7 ) £ 33 g Wl B8 e vt vk
Braf WA R 92 bp MR —454F (&1 1C)

containing protein 1,

GCTAGCCTCGAGCGCAACTTTACGCAAGGTACGATCAACATTATTCTCCATGGTACGAG
TAGTTGTAATAAGAGGTACCATGCTCAGTCTCAGGTTTCATTAGCCATGCTCGCCGGCG

Nhe 1 and Xho 1-miRNA-126 sponge-Not |

Reverse primer: Not | -fragment

A

GCTAGCCTCGAGCGCAACTTTACGCAAGGTACGATCAACATTATTCTCCAUGGTACGAGTCAGAGTCCAAAGTAATCGGTACGAGCGGCCGC

miRNA-126 3-5'GCGUAAUAAUGAGUGCCAUGC

bp M  Con 1 2 3 4 bp

92

C

IAAUGAGUGCCAUGCU

GCGUAAUAAUGA-GUGCCAUGCU

1 &AM miRNA-126 #5457 51
Fig1 Design and synthesis of miRNA-126 sponge fragment

A: Two partial cDNA sequences; B: PCR products containing three repeated miRNA-126 sponge sequences; C: Agarose gel
electrophoresis showed that the PCR product was a single band. miRNA: MicroRNA; M: Marker; Con: Control; 1-4: PCR products of

miRNA-126 sponge; PCR: Polymerase chain reaction

22 %K FEE-miRNA BB IR LA B R hd
515iE

221 iRy ¥ Bkt IEAT PCR Y 1Y
i) miRNA-126 i 45 J7 51) 38 F TA 58 B 7 1% 5 b
| pMD-18T Jfi v 1. i i3 % 5 41 (1) pMD-18T Jit

FLAEAT Xho | 1 Not 1 U4 5, 1T WA E 2y
100 bp ) DNA i Bt, 3% B pMD-18T-miRNA-126
sponge Jit k7 #4 #HE AL T (E 2A) o SR J5 ¥ pMD-
18T-miRNA-126 sponge Jit ki £& Xho 1 F1 Not 1
it 177 75 3 i) miRNA-126 ¥ 47 DNA - B, % 45 %)
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psiCheck2 J&i %7 hRluc ) 3" JE 4 15 X, H 4 f5
Y psiCheck2-miRNA-126 sponge it %7 Z& Xho 1

D 18T Vccb

Sse8387 1
Pst 1

EcoR V
i € T-cloning site—3

(2 692 bp) Bami 1

100 bp
miRNA-126 sponge
Xho 1

H""CI“ pMD-18T-miRNA-126 sponge vector N

Xma | Kpn | Y s Nhe | ,Xho 1

Kpn 1 miRNA-126 sponge Not | ...

psiCheck2
vector

Not 1 XLEFYI, 1588 AT & 2K B 24 100 bp 1Y DNA
B (K2B) .

bp

’—‘»—1

0

100

SV40
promotor

Nhe 1

hRIuc B

2 WHEH -miRNA-126 B8RS EE RARAE ST

Fig2 Construction and verification of luciferase-miRNA-126 sponge reporter plasmid

A: Construction and verification of pMD-18T-miRNA-126 sponge plasmid; B: Construction and verification of psiCheck2-
miRNA-126 sponge plasmid. 1 in Fig 2A: psiCheck2; 2, 3 in Fig 2A: pMD-18T; 1-3 in Fig 2B: psiCheck2-miRNA-126 sponge with

Xho 1 and Not 1 digestion. miRNA: MicroRNA; M: Marker

222 KA F ML E K & H € miRNA-126 £ %
1k %t psiCheck2-miRNA-126 sponge & 41 & 7 #y &1
MWH K E X '%%%%@ﬁ%%kﬂ%%%@ﬁ
PR A AR5 10 LU E T T 40 #r, 4521

AR BRZH B PO R ik & (1.007£0.021) .%Jf
psiCheck2-miRNA-126 sponge 4 [ 3¢ ik i (0.285+
0.006, P<<0.01) . Wit ik miRNA-126 fE %11
il miRNA-126 7 4 5 2 5 0 & i (1) % 75, hRluc-
miRNA-126 #4775 AE5 miRNA-126 HAMCXT, A
HEEG,

23 %k & B -miRNA & 245 3 % K B B % & 69
#33& R Ad-Easy JROG R BRI RS, HIW
DNA Bt 1 26 o [ 31 2 42 00K 4044 Ad-Track,
B H W) Ad-Track Jit K. 42 Pme | 2 Y1k J5 %% 1k
BJ5183 &z 40, 5 Ad-Easy fi 858 LUk R] IR
T4, )5 Ad-Track 5 Ad-Easy 5540 i) Bk 42
Pac 1 BFV) Y% 293 40fd, HE47RIR M2 S
i

231 MEGIERREF FR AR TR psiCheck2-
miRNA-126 sponge 4 Nhe 1 #1 Not 1 XI5, T3k

5% hRluc-miRNA-126 ¥4 FrBe (E 3A) o T s
FEEM TR Ad-Track 22 507 25 AFELE Nhe 1
ELI47 5 (& 3B) , hRluc-miRNA-126 45 H BEA
AE %1% A Ad-Track #ifk . o 1 iR — ), &
S 4% hRluc-miRNA-126 ¥ 47 F Bt i% A pMD-18T Jii
Wi, SRJ5 RS Kpn 1 F Not 1 XUV, ¥ hRluc-
miRNA-126 ¥ 45 ;i Bt 7 B & Ad-Track 51 % (&
3C) . Ad-Track 5 4 Jit B 28 Kpn 1 Fil Not 1 XLJif
)% 78 F1 PCR %78, 45 2L ) 3R W] Ad-Track-hRluc-
miRNA-126 1 47 # 41 7 i #4 gt i 2) (& 3D,
3E) o N THiE Ad-Track-hRluc-miRNA-126 sponge
JFOR BRI 35 5 miRNA-126 454 M E &1,
PN R B 6 — 8 45 B RCR ik @ME
iR B RN R I TO R MR (1.01520.026) 15
T4t Ad-Track-hRluc-miRNA-126 sponge 2H ( 0.254 +
0.009, P<<0.01) , ifitik miRNA-126 REGIIH]
Ad-Track-hRluc-miRNA-126 sponge Jii ¥ 3¢ ik i 5 2%
R &,
232 FREGKSHFREREKBREZL WTHE
Ad-Track it ¥7 Fll Ad-Easy J5 7 HH A7 7F 2 ) 2K ity
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BB, ReNTE A M A TE MRS 0T A AR [m] i
g, MR H R B AR R R AR, e
i 1k Pme 1 [iff Y] {# Ad-Track-hRluc-miRNA-126
sponge UKL 2k P AL, HUGER 4 B V) P= 9017 1% Bifis
BHREEEHL K, 2550 (F 4A) BoR Pme 1 VIR
JoURE UK R B NS, R EAL T, Ad-Track-
hRIuc-miRNA-126 sponge J&i % 1Y) Pme 1 [i§ V] 7= ¥
2 alifb 5, HU 500 ng % 4k BI5S183 gk A7 75 40 T .

## Ad-Track-hRluc-miRNA-126 sponge Jit i 5% 1k fY
BI5183 Ttk 15 77 76 R I8 R YT PE R LB BUlE -F- A

Digestion fragment by Nhe 1 and Not T from psiCheck2-miRNA-126 sponge

Nhe 1 hRluc Xho 1

Sal 1

miRNA-126 sponge Not | A

Ace 1 pMD-18T-miRNA-126 sponge vector

i, AW SRt /N3 R Phik 6 i
/NPT TR I, FEE 16 h, 1T URIhMER, B 12 H
T 0.7% IEHEREGER Ik, S5 (K 4B) oK Ad-
Track-hRluc-miRNA-126 sponge Jii #. 5 Ad-Easy Jit
WE AT, K/ANEM . #F—4K Ad-Easy-hRluc-
miRNA-126 sponge Jit %7 5% 1k, %] Top10 F ¥k Hr i
AT Ry 38, P48 UKL 28 Pac 1 B D)%, 7] UL
45kb ) DNA i Bt (K 4C) , 3% B Ad-Easy-
hRIuc-miRNA-126 sponge ki 7 i3] .

Multiple cloning sites of Ad-Track

Bglll,Kpn 1,8al 1,Not 1,Xho 1,Hind111,Xba 1, EcoR V

Hind 1l Nhe | and Not 1 digestion and ligation of Nie I-hRluc-miRNA-126
sponge-Not | fragment into pMD-18T

pMD-18T-hRluc-miRNA-126 sponge vector

f(iZRIV <T-cloning site

(2 692 bp) BamH 1

D—l 8T vec
&

Sma 1
n
Sgc I
EcoR |

Ad-Track vector
2000

1 000 hRluc-miRNA-126

D

Kpn'l,.. ,Nhe 1 ,Xho I miRNA-126 sponge Not | ...

miRNA-126 sponge

Kpn 1 ... hRluc-miRNA-126 sponge Not 1 ...

1 2 3 4 5 M bp

2000
1 000

750
500

250

IOOE

Bl 3 KB -miRNA-126 BAEREERRFREFRVBENEESHIE

Fig3 Construction and verification of adenovirus shuttle vector with luciferase-miRNA-126 sponge reporter gene

A: hRluc-miRNA-126 sponge fragments were obtained after double digestion of Nhe 1 and Not I ; B: The multiple cloning sites
of Ad-Track; C-E: Construction and verification of Ad-Track-hRluc-miRNA-126 sponge plasmid. 1-2 in Fig 3D: Ad-Track-hRIuc-
miRNA-126 sponge with X#o I and Not 1 digestion; 1-5 in Fig 3E: PCR products of Ad-Track-hRluc-miRNA-126 sponge. miRNA:

MicroRNA; Ad: Adenovirus; GFP: Green fluorescence protein; PCR: Polymerase chain reaction; M: Marker

233 BEEHEKAE23 @DHENELEEY R
%% ¥ Ad-Easy-hRluc-miRNA-126 sponge i 2H i
LY 293 41 7 dJ5, AT UL S 40T 4R H B
ARAE R HLESRE; WAl T, BEELE T RE TR
il 37K, 12 000X g B.L> 10 min, 5400w 15
N5 LA TR L0, HHIRE T —80 C. 4kZ:
KR 293 40, R LA 10 om BEFRILEAY
90%, MIA 0.2~0.5 mL %5 2, 2~3 dJ5nl
ULITAE 293 AN RAR B 5 B BE, WA BT 40T

RALFN B, 152056 2 AR BE LI . kS d B
gy, 15305 3 AR EE L

234  JERF H K3 X miRNA-126 £ HUVEC
2 MRy T AR A5 R FE Y BRI PO R
fitg e B (1.02540.057 ) 1R Tk Y B 2 41 () 5k B
(0.28140.030, P<<0.01) , i}l " miRNA-126
F 3K RE ML 4 ) hRluc-miRNA-126 7 47 5 2 45 14 1)
ik, R E T 2GR B -miRNA 12 A9
BEIRR
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Fig4 Homologous recombination of luciferase-miRNA-126 sponge reporter gene shuttle vector with adenovirus skeleton vector
A: Verification of Ad-Track-hRluc-miRNA-126 sponge plasmid; B: Verification of homologous recombination; C: Verification of
Ad-Easy-hRluc-miRNA-126 sponge plasmid. 1-4 in Fig 4A: Ad-Track-hRluc-miRNA-126 sponge; 5, 6 in Fig 4A: Ad-Track-hRluc-
miRNA-126 sponge with Pme 1 digestion; 1-6 in Fig 4B: Ad-Easy-hRluc-miRNA-126 sponge; 1-6 in Fig 4C: Ad-Easy-hRluc-
miRNA-126 sponge with Pac | digestion. miRNA: MicroRNA; Ad: Adenovirus; M: Marker

T8 Ao 40 A R 5L 56 R4 miRNA-126 X HUVEC Ad-miRNA-126-sponge it 5 Al LI il HUVEC 1y
TR Em, SR WE S PR, s EBEES (P<0.05) .

Ad-GFP Ad-miRNA-126-sponge

_" 0h
- m2h
0h| 1.5;
=
5 10t -
=
(5]
z
= 05f
[
12h
0.0

Ad-GFP  Ad-miRNA-126-sponge

B 5 4MAEXIREIEWER TN K -miRNA-126 B4R S E R RS HA HUVEC EBEE SRR
Fig5 Effect of adenovirus vector with luciferase-miRNA-126 sponge reporter gene on migration
ability of HUVECs detected by cell scratch assay

miRNA: MicroRNA; HUVEC: Human umbilical vein endothelial cell; Ad: Adenovirus; GFP: Green fluorescence protein. ‘P<<0.05 vs
Ad-GFP group at same time point. =3, x s

3 i FERZATTRAN I, AT i A2 3R Tl -miRNA
M2 T RS BA TR RRI SRR
SEGM miRNA JIRET P BN T A HORTE 2-0- W3k | SRR AF B i K BiA Y
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Y BEAE A0 P RS SE K38 miRNA 25591, [F]
BN (AR Py B 4nie ) Jouki 2 g i A
Ye | TIABI 5 R 04 B 5 P R R 7 B 22 0t g
JoT A B G i B B4 A 40 i R34 miRNA 4554,
X An R > HAE AR B i . O LA a2
FRAHRE L )T IEA D B BE C S AE RS
B TA TEIERARIES, ARt E
fiftf -miRNA T2 B 255 AR W] LASE IR 3l i 4
1] miRNA k1l .

ABFER DGR I -miRNA AR H R 5 1%
4t 1) GFP-miRNA Vi 25 B A AR LU Al HLAT Al AR 35
A i 1 B 1 AR B T RE I R IO R
ity -miRNA WFZR4L, RRERE[RIAS IS, 3Rk GFP, 1540
1) GFP-miRNA ¥ 25 £ R B9k g%k GFP 7, 8%
1M1i% GFP (1) 3' UidE 4t X f74F miRNA Z55 )75, 1F
YL GFP 1Y 3RIA3Z 5 H 1) miRNA (1) B AT,
DR A M4 o 1 2P 283y TR A B o AT
4 B B 15 2R M GFP (13 IA AN SZ 4H i Y miRNA
B B, nT DL ) B4 A% GFP W45 iR 7
MY EE R AWESE, b T i€ miRNA-126 iff
AR RIS 35 5 miRNA-126 454 M A E 1A,
T I L G 2R R A R R X A A A AR
AT T B 0E. MIRNA-126 3o 32 3k 5 R 5 44 2 1)
miRNA-126 147 2R IL A 4% 4 293T 405, ik
miRNA-126 5 hRluc-miRNA-126 i 43 45 &, 4
1B DGR B FRIB R A2 2] o Ry Ak
XA YA T Y miRNA-126 15 43 44317 1 56
TE, FFUESER SEA AR A B A

TELLBE WA TERT, T Ad-Easy it 2% i 75 3
EI M1 E3, Ad-Easy-hRluc-miRNA-126 sponge 2
ORI AE S S AR FP R BE LSS TE R B . ET FEIH
RERSFRIB M EERL 2R 1, JE N B P 5 1Y
L, 7E 293 difurh E1 LR B RES AR RS, N
1M Ad-Easy-hRluc-miRNA-126 sponge 5 ZH Jifi i iE 1%
£ 293 U ALEE I AR B

AU TERT 2O R B -miRNA I 25 B
BHOARMES L, FECHGEER 1 000 2F miRNA
Tk PR miIRNA-126 VRN SEg Xt 4, F 2l THAE
i s B AR ShEE, ArEE e
LA N R 2RI, I3 S kol e R 1k & 4
YA &, MiRNA-126 02 P Rz 20 i 4 5 33K 1)
miRNA, 75 P4 K 40 A s i e iR il
T PN B2 20 R A M B e 1 A S AR, T R AR R
P2 M -miRNA V28 s 28 B R A a5 A4

58 R EE LI (0 2 6 25 T -miRNA-126 47 Bk 7
&Y HUVEC, 4 301 S50 245 51 Wl /s S 96 2H 40
FIE S fE S IE T X EZH, 18] miRNA-126 I 45 Xt
HUVEC WL # Re 1AM /EH, WEpIE 1484
ARIEAME Rk

(& % x #f]
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