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Construction of pri-mir—-302/367 lentiviral vector and verification of its

downstream regulatory genes
ZHANG Yaolin' , MA Haibin?,CHEN Dongmei?, FAN Heng?,LI Yukui®
(1. Institute of Laboratory Medicine ,Ningxia Medical University;2. Ningxia Human Stem Cell Institute
General Hospital ,Ningxia Medical University)
[ Abstract ]Objective : To construct inducible lentiviral vector containing human miR-302/367 and study its gene expression of miR—
302a/b/c/d and miR-367 and downstream gene expression of OCT4,SOX2 and NANOG in Hela cells. Methods . pri—-mir-302/367
gene was amplified by PCR from human genomic DNA and was cloned into pLVX-TRE vector to construct the recombinant lentiviral
vector. The ligation was analyzed by digestion and confirmed by sequencing. Then the recombinant vectors were transfected into 293FT
cells and the lentiviral viruses were harvested from 293FT cells. After determining the titer,viruses were used to infect HeLa cells. RNA
was extracted for real-time PCR to detect the expressions of miR-302/367 and its downstream genes and the expression were devict—
ed into DOX+ group,DOX- group and blank group. Results : Digestion and sequencing demonstrated successful construction of recom—
binant inducible lentiviral vector miR—302/367. The virus titers were 5x10° TU/ml. After 72 h introduction with DOX, the results of
real-time PCR shown that miR-302/367 and pluripotent related genes(OCT4,SOX2 and NANOG ) were significantly upregulated in
DOX+ group compared with those in blank group and DOX- group (P<0.05,miR-302a: Py, . pox-=0-032, Ppox, v« 1a=0.048 ;miR-302b ;
Proxs v p0x-=0.001, Pooxs v 1k =0.001 ;miR=302¢ : Poox v pox-=0.000, Prox, o 11artc=0.000 3 miR=302d : Prox, v pox-=0.002, Prox, vo 11k =0.047
miR-367: Py v pox-=0.001, Poox. v« 11 =0.001 5 OCT4 ; Py, v pox-=0.000, Piox 1o 1ac=0.0013SOX2: P, v pox-=0.000, Pryox; v 11 =0.000
NANOG : Pyox, . pox-=0.000, Ppox, v 1a=0.000) , while there was no significant difference between DOX+ group and blank group (P >
0.05,miR-302a: Py vo pox-=0.057 ;miR=302b : P 1. pox =0.832 ;miR=302¢ : Py v, pox =0.445 ; miR-302d ; Py 1w p0x =0.979 ; miR-367 .
Pk v 0x=0.161;0CT4: P i . pox-=0.051;SOX2: Pk v pox-=0.060; NANOG : P, v« 10x-=0.078). Conclusions : The recombinant in—

ducible lentiviral vector containing pri—-mir—302/367 can be successfully constructed, which lay a solid foundation for further study the

reprogramming of miR-302/367 in the following experiments.

[Key words ]pri—-mir—302/367 ; Tet—on system;inducible lentiviral vector;HelLa cells
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R AW (RNA-induced silencing complex, RISC) i
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302/367 £ T %A= 5 A AN[A Y microRNA 43
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REtE T4 (induced pluripotent stem cells,iPSCs)
BRI &, Lin S590F5E /N & B miR-302/367 55
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ARSI T Tet—on 18K R 2R G Xfect™ YA H
Clontech 22 ] ; PCR il | BR il 1 N VI I Takara 23 &) ; T4
DNA FEHEFIE [ NEB A 6] 35 14 H Lk T4 i ok E
AR (LR TRV R 2 P9 35 R 33050 60 ) AT DNA
BRI 6 H Omega 23 7] ; RNA $2HULF I H Tnvitrogen
A+, eDNA A R & F0 real-time PCR 37 [ Fermentas
N 293FT 4Rk A HeLa 40 Jf0RE G A 25 6 ATCC 2 i
O3 FEFRANMTT 19 DMEM 85325 IG5 450 [ GIBCO
/N DHS o ARSI EARAT
1.2 7k
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mir-302/367 J$51), LI AL ZH DNA kit , PCR 914 pri—mir—
302/367 FEH, _EIE5 4.5 ~ATAAGAATGCGGCCGCTTAT-
ACCATTAAGAGTGCTATCA=3" (& Not 1 B Y07 15) , T
514 :5° ~CGACGCGTCCTTGTAATGATTCTCTGAGAT-3" (%
Miw 1 BT o BUS S5 :95 CHIZSIE 5 min, 95 CZ81E 30 s,
60 CiH K 40 5,72 CIHEAH 1 min, 30 PG EF [ I 461k
PCR 724,

122 EAFRR N ELERE  PCR =M pLV-TRE3G
23 k2 Mlu 1R Not 1 SURED)J , 44k H) ] T4 DNA 4%
T a7 73 2175 A DHS e, BT PCR W45 %2 BRYE VR | 1
VI E ik g T

123 EASR A ARAE NG AR 295
%?ﬁﬁ%(ﬁﬁ%%ﬁ%@&%{ﬁ H (green fluorescence protein,
GFP) , 2y 1 Hill % Je s % VEH 51 ApMX-GFP ks , i I
Xfect™ FEYLRXFIUi , H pLV-TRE-302 JFt4 ,pLV-Tet JFh: |
pMX-GFP JFki fil Xfect Reaction Buffer il £ Wi Yo 2 A W%
e 203FT A, 554 72 h I FEOGCRHEE T IMEE sk,
JE4PT 48 h J 96 h WA EE 3,500 x g 5.0 10 min KFR
YMIRT R 55326 4 CORMFE M . o] HeLa 40 (5 x 103 A4~/4L,
96-FLAR ) 1 43 SIS [ JBR A6f 52 T 5 i TR S 20 J3E Ny
8 pe/ml BREENL, ZARFN 1 ml, 24 h J5HEITIA 0.25 wg/ml
NS5 2 F1 600 we/ml G418 3E4 720G 1E g A4 R 7 45 1L
W R R RS ), 10 d 5 H 19%M55 g e 150
BB L o i R X I e A 0 I TR e

1.2.4 FAERREEYE Hela 400 M DOX S HHI &4
W EE I B Y HeLa M, BRULHT, ¥ 2.0 x 10° N/FLAG
Hela 4004 F0 T 6 FLAR |, 37 °C .5%CO, R4t FIg i 55 5%
FAEEFE TR IE 70%~80% il A It BVl FH FIakife , YL A
24 bR A0 A B A B T I T B IR, YR H YL 24 h JE I AHT
0 (R S8 R BE TR, T 37 °C.5%C0, B AR 15 B 40 15 3%
ot 2 R, JRYLS 48 hfinA DOX (200 ng/ml) HEf 7755,
1.2.5 Real-time PCR f2illi%5%2 )5 miR-302a/b/c/d \miR-367
JCTUFEAT R OCT4 SOX2 A1 NANOG U#£iE  DOX i
72 h JF R HeLa 401 5 RNA I35 %% 554 ¢DNA |, ] real—
time PCR 1 miR-302a/b/c/d Fl miR-367 K T i o7 2 (K]
OCT4 ,SOX2 il NANOG iRk AL, FoH miR-302a/b/c/d
Hl miR-367 LA U6 HHZ;0CT4,.S0X2 Fil NANOG UL GAPDH
JNZ B ESR 3K, i Bio-rad iQ™5 Optional System
Software ZMHT S48 K0 , LIS IEJG ) Cu B (279 AR5 48 11
S AT FH B R AHSES a2 1,

12.6 Seitegiyek T SPSS 18.0 Geit2#iiit  Bil-R i1y
B+ BRI (v 2 5) s AL HLECR T K 207 20007,
P bR ] LSD— #6358, P<0.05 HESFAGIFE X,

2 &% B

2.1 FARREHRSGHE

XF pri—mir=302/367 ] PCR 34 p= ¥ it 47 1.0% B IR
BT, 7 750~1 000 bp Z A BE 1 S5 P47, S e
{E 979 bp R/NEA—E(J# 1) , R5AS pLV-TRE-302 HE 415

R IAT Miw 1R Not | XUEGY) M Miu | 53§, 7= W)k 4T
1.0% M) S NR B FB Ik 4 o XU YI T UL 1 254 F 10 000 bp
F 7 500 bp Z[AIA4&HF (pLV-TRE 23 Jfiki K/NA 7 819 bp)
Je1 25297091 000 bp B BAREDIAUIL 1 Z540F 10 000 bp
57 500 bp Z A YRR A5 (18 2) . pLV-TRE-302 H 21 it
LMy 28 25 S Y 51 58 AEAT

# 1 Real-time PCR 3|#

Tab.1 Primers of real-time PCR

4 W FA1(5°-3")

151

miR-302a TAAGTGCTTCCATGTTTTGGTGA

miR-302b TAAGTGCTTCCATGTTTTTAGTAG

miR-302c TAAGTGCTTCCATGTTTCAGTGG

miR-302d TAAGTGCTTCCATGTTTGAGTGT

miR-367 AATTGCACTTTAGCAATGGTGA

miR-302/367"  GCAGGGTCCGAGGTATTC

U6 F-CTCGCTTCGGCAGCACA
R-AACGCTTCACGAATTTGCGT

0CT4 F-CTTGCTGCAGAAGTGGGTGGAGGAA
R-CTGCAGTGTGGGTTTCGGGCA

SOX2 F-AGCTACAGCATGATGCAGGA

R-GGTCATGGAGTTGTACTGCA

NANOG F-AGTCCCAAAGGCAAACAACCCACTTC
R-TGCTGGAGGCTGAGGTATTTCTGTCTC

GAPDH F-ACGGATTTGGTCGTATTGGG
R-CGCTCCTGGAAGATGGTGAT

S 5514

miR-302a GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC
TGGATACGACTCACCAA

miR-302h GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC
TGGATACGACCTACTAA

miR-302¢ GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC
TGGATACGACCCACTG

miR-302d GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC
TGGATACGACACACTC

miR-367 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCAC
TGGATACGACTCACCAT

W F, BUESIR, RUES 1950, 81519
M1
bp
1000

750

M. DNA marker(DL2000) ; 1. pri-mir=302/367 PCR #3474 (979 bp)
B 1 pri-mir-302/367 PCR "1 7= 49 5 fig 47 ik A B ik B
Fig.1 Analysis of pri-mir-302/367 PCR product

by agarose gel electrophoresis
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15 000
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1 000 1 000
750

M1. DNA marker ( DL150000 ) ; 1. pLV-TRE-302 £ Jit ki X7 5
2. pLV-TRE-302 F 41 5URLfF Y] ; M2. DNA marker ( DL2000 )

2 plLV-TRE-302 EH R EIFRAS 1R A B ik E
Fig.2 Analysis of restriction enzyme digestion of recombinant

vector pLV-TRE-302 by agarose gel electrophoresis

2.2 Eh e Ak F ] BONR g A )

ERYLRS 72 h, RPN B AR e YRR T T I
FE o QN 3 R AT LA S W] W I G a5 SRS A
ST 2 G418 MRS Y HeLa 4UMEAT T Hive (181 4) , 2
PRI UR FERR S R AR S B A5 s B R 5 % 10°
TU/ml,

S \ 4 _»,
A, HE

B. 5t W
B3 7 203FT AN ER SRS
Fig.3 Detection of lentivirus in 293FT cells

A. i By
4 IEREETN G418 ik Hela 40A
Fig.4 Selection of HelLa cells by puromycin and G418

B. ik 5

2.3 Real-time PCR # miR-302/367 K % FH £ Hela %8
AR R &S

DOX i5'F)5 , real-time PCR Kl HeLa 408+ miR-302/
367 FIGIEHMRIREIL, 251 Bom 15 AR FA Y& T
ARiF S 41 S as AL (P<0.05, HiH miR-302a: Pyo, .. pox=0.032,
Proxe ve nart=0.048 ; miR=302b : Py, 1. pox=0.001, P . 1anc=0.001;
miR=302¢ : Pooxs vo. p0x-=0.000, Pooxs v 5 =0.000 3 miR =302d ;

Proxs e p0x-=0.002, Poox v 1324 =0.047 ; miR=367 ; Py ... nox.=0.001,
Prooxs v 1 =0.001) , HeFT L miR-302b . miR-302¢ I miR-367
AW, Pooxs v ox-<0.01 5 1117 FE 5 3 2H RN 28 1 4R AH LE 22 7
TGt X (P>0.05, Hirp miR-302a: Py .. pox.=0.057 ;miR—
302D : Py e pox=0.832; miR—-302¢ ; P,y . ox =0.445 ; miR-302d ;
Pria v, v0x=0.979 ; miR=367 : Py mox=0.161) (8 5)

6 - w %S 4
b aDOX-
5 2, =DOX+

LD IR ik

miR-302a  miR-302b

miR-302¢  miR-302d ~ miR-367

DOX+: 15541 ; DOX~: JEiFEF 4 ;a,P < 0.05,b,P < 0.01

5 Real-time PCR #&il miR-302/367 RixERERi&
Fig.5 Detection of miR-302/367 family gene expression
by real-time PCR

2.4 #m % miR-302/367 % 6 T AR

Real—time PCR £5 4 7%, 28 DOX 5 FJ5 , HeLa 41l
% miR-302/367 VA 151 N il £ AETEE 5K 1 OCT4 SOX2 FiI
NANOG #1535 W] 5 b, B 2 i TR S s 4l
(P<0.01,0CT4: Py, . pox=0.000,, Poox. 1. 1ic=0.001;SOX2: Py,
e 0x=0.000,, Poox 1o 124 =0.0003; NANOG : Prg, . p0x=0.000, Pryy, ..
1an=0.000) , AEE A AIZS FALIH 22 7 S0 24 L (P>
0.05,0CT4: Py . pox=0.051;S0X2: Py . 5ox=0.060; NANOG :
P v p0x=0.078) (I8 6) .

1800 7 MEEE aa
16004 ®=DOX- o
1 400 4 "DOX+ a
a
g‘g 1200 - —
&
;E—» 1 000
2 800
600 e
m a
~
400
0
0CT4 SOX2 NANOG

DOX+: 1S4 ; DOX-: AEiEF4H 52, P < 0.01

6 Real-time PCR #&il miR-302/367 AT EEARIEER
Fig.6 Detection of miR—-302/367 downstream regulatory gene

expression by real-time PCR
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MR, miR-302/367 AliE i CDK2 Fl CDK4/
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H T, 54T miR-302/367 45 S AL AL HI0
B K LR 5 1S, miR-302/367 JLERMECP1/2
FAOF1/2 BY¥E K 4| MECP1/2 #1 HDAC2,
SIE T+ 40 DNA HIEFERERE 1 1 T, 380
PR 2 R 11 25 FH L AR A (57 H3K4me2/3 1 3L
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H1NANOG ) fle (i it A A= -10 TR, B s 1) 22
AE 0 0CT4 X n] = [ fi i#F miR-302/367 1Y
5, T A B A5t 7 L T s e, edh ,
22 HIE , miR-302/367 1] L) R i RHOC Al TGF-
bR2 223k , AR HE R B A ) b B ARG A, bR 2
FRAHERR

A S286 1 1 ST miR-302/367 [IRTIAZER pri-
mir-302/367 , BALLEH AP microRNA 43FHfi0 Tk
T2, FIF Tet—on 1295 8 R 40, B A4 HE 5 4118 00 27
TR AR pLV-TRE-302, J #2 /8 Yt HeLa 41 fifl , 25
DOX A5, /il miR-302/367 F ALK miR-302a/
ble/d Fl miR-367 J 32 F 8 45 19 T liFHE I OCT4
SOX2 il NANOG (1) 3R iK1t . miR -302a/b/c/d Fil
miR-367 FEKIESE T miR-302/367 FIFTIALEH pri-
mir-302/367 7£ HeLa 2 o4 P9 T4 B2 B mi-
croRNA 731, [AHZE0IE T S 4H AR A9 1IE A4 ; OCT4 |

SOX2 1 NANOG ) _FJEHIESE T miR-302/367 X £
REPEVS T TR R SR A A SR 4 i
RN T]

M2 ARSI I pri-—mir-302/367 E 412
TR IR T pri-mir-302/367 1M AmiR-
302a/b/c/d .miR-367 F1 T JiE ¥ 5 FE K OCT4 . SOX2
I NANOG MR 1f O W12 B0 iE T miR-302/367
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