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FHEFEFEL (P<0.05), H¥FHEEHN 61%, RaMTFEKFEA BC A 2745, it DVL2 AR F#hfid &
NG R BRI, AL R hUVECs ¥ #8208 Rk,
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Construction of lentivirus vector of DVL2 in hUVECs*

Xin Sheng, Jun-hua Wang, Yue-hua Liu, Shuang-lin Gao, Xia-dan Xie, Fang Fan
(Department of Biochemistry, School of Basic Medical Sciences, Zunyi Medical University,
Zunyi, Guizhou 563000, China)

Abstract: Objective To obtain interference and overexpression of DVL2 through lentivirus, and its expression
in hUVECs. Methods ShRNAs were designed and synthesized, and DVL2 interference and overexpression
vectors were constructed based on lentivirus expression plasmids. PCR and sequencing techniques were utilized to
confirm successful construction of vector. Three plasmids system were performed to package the virus in HEK293T
cells. Virus titer was measured by fluorescence microscope. HUVECs transfected with virus were identified by
Purinemycin. Transfection efficiency was measured by fluorescence microscope. Further, the interference and
overexpression of the target gene was verified by qRT-PCR and WB. Results Electrophoretic and sequencing results
showed that the gene fragment was successfully inserted into the lentivirus vector. The titer of NC, pHB-shRNA-
HDVL?2 and pHBLV-HDVL2 was 2x10° TU/ml, 2x10° TU/ml and 1x10° TU/ml, respectively. Infection efficiency
was 98%. qRT-PCR and Western blotting confirmed stable expression of DVL2. Expression of DVL2 was decreased

in interference group and increased significantly when compared with that in NC group (P < 0.05). Interference
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efficiency was 60%, and overexpression efficacy was 270% compared with control group. Conclusions Interfering

and overexpression of DVL2 through lentivirus vector is constructed successfully in HUVECs.

Keywords: dishevelled 2/Wnt proteins; lentivirus vector; endothelial cells; RNA interference; overexpression

FENLE I (Dishevelled, DVL) J&—28 2542 T 5
FAHMIRZ Y Wt (55 @B, g5 2R HM |
YER, B Wt {55 FHIEAZAK Frizzled %388 2 Fieg ",
DVL f & BT SR A B S i e R A, 78
b R EEORSE P BRTEAZSThE MR DVL A 34
WA (DVL1, DVL2 filDVL3 ), ¥JHA 3 e ERay
IZERIBE, B N- 3mAY DIX S5k . e PDZ 45tk
BFN C- % DEP Z5#38 ™, i A AMU S 5 4 Mg
Aok . AT, W H SR LT . gt
O3 A B e e A S e R AR OC T R I A S
TEREAE HUM LT AR, (FURX R I AE AR R 2L VR 20 g
I A F D RE IR AN TE R

VAR, KIEBFE R Wit 15 58 %S5 3 ko
REREAL I KA 0 WintS o FERSIE L 28 Wit {5518
P51 A N B A B S RE R g M, LG A B O R
% 5 S5OV W HLZ0 B s 5 R 0 A P S RS 7 (EA G
DVL 7E1Zid R b (/R PR A DL . ARFSEZ 7 sk
SR RE AR Ak B4 1 P9 AR UL SR 1) DVIL2 1Y 5% £k,
SR, JLERAVE RIBLIA ARVE 2 . AH B H R
SR AR AR RIA RS, 18R RERIA RS RENS KN
LA 300 3R AL, T SEERK B [l R e 36
ik, HEARENE AR SUH AN = A e N/ |
AL AR BOMERE RGN, B0 S A SRR Y
ARTE, I A TR . R
TN HEP 2635 . RNA T8, microRNA BF5E, LA
R EE R G BA P S R T gk M R, ASHF
FEAUAHE DVL2 (18 2 THR A Rk didk, @ A
IR KN B2 408 ( human umbilical vein endothelial cells,
hUVECs ) IRRE RKiAkE, FFAEARSMIFFEHXT DVL2
Kk mys2mm, LA — D4R DVL2 fEslifikits Head
Pk A AR P B LR P BA R G R B S0 S A

1 #MEERE

LIRS
S 4 BT B 1 7 AR 48 pHBLV-CMV-MCS-
3flag-EF1-ZsGreen—puro, pHB-U6-CMV-MCS-PGK-
ZsGreen—puro . J&3Z35 DHS o AR H 8 X P= 27 B ik
fith < 2 e B ) - FAIF R OR A7, hUVECs ., HEK 293T
240 U 25 AT AR A PR T B TN B A e I R AR 1 56

1.1

] i Y % 5 ) A 8 R o0 (ATCC ), pSPAX2., pMD2G
(EH Addgene NED), YT Lipofectamine 2000,
DMSO R HIE N VIR EcoR 1 Fll BamH 1 T4 &35 |
R B 5 4l 4k iR 77 & PureLink ™ HiPure Plasmid
Maxiprep Kit, DNA Polymerease, DNA ladder. %5 H
Marker ( 3£ [ Thermo Fisher Scientific 2Y 7] ), #ZA&[H]
K i 55 & MiniBEST Agarose Gel DNA Extraction Kit
Ver4.0 ( HA TaKaRa A7) ), HERZ[FIAGR & . BCA
E R G AU RARA AR A PR AR ), PCR 5147
LEflehE . Bk ( IR T AR TR A PR ] ),
1.2 FHik

121 B # A HEh-DVL2CDS K 3.8 33 $RE
hUVECs 45 41 DNA, %3 FIE 54 h-DVL2-Eco/
Eco—F ( 5'-GGATCTATTTCCGGTGAATTCGCCACCATG
GCGGGTAGCAGCACTG-3") FlJz 111514 h-DVIL.2-Eco/
Eco-R (5'-TCTAGAACTAGTCTCGAGCATAACATCCA
CAAAGAACTCGCT-3" )., LABEHZH DNA Sy 14 &
A H BYHEER h-DVL2 B CDS X3k, K% &FH : 95°C
AR 5 min, 94°CAEME 20, 55°CIRk 20s, 72°C #iE
i 150 s, 327 ANMEIR, 72°CHRZELEH 10 min ; PCR
a7/ N7 I e T AL 5 25 T

122 Fik¥esiitmsl e s AN DVL2 R
mRNA J#% ( GeneBank Accession No.NM_004422.2 ) &
P ShRNA B35 5% shRNA #1551 FxF BE G 75 48
W CWR L, 2), ARG, A 5IFFEE 100 wmol,
19738 & (95 10 min, 75°C 10 min, 55°C 10 min,
35°C 10 min, 15°C 10 min ) & AT B A b 0 XU A
Bt B KA BRJS153) shRNA REAR H T8 50 o
123 it kA fe TRk Hke ML 435 FHBR I
WG EcoR 1 1 BamH 1 BV H 693 KUV 5 5538
T, ¥ H AR 5 Lot A8 1 ok 2k 25K pHBLV -
CMV-MCS-3flag-EF1-ZsGreen—puro R, i A MCS
X, FfgE4 SRk R pHBLV-HDVL2, }% shRNA
MR 55 42 M Ak 19 12 e 3 T 4R 2K pHB-U6-CMV -
MCS-PGK~ZsGreen—puro &4, i A\ U6 JAsh )5, 3K
AT TR pHB-shRNA-HDVL2, 5554k 3) K
AT # DH5 o 1, ISR PCR %508, R BHPE vE e
PRI 7347

1.2.4  E4 %3k h—DVL2 1% J% & £ HEK293T 48 it
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&1 #BE DVL2 EEM shRNA B EHER B HE

Gk BN 712 KB bp
shRNA 1EM: 5'-GATCCGAAATGAGCCCATCCAGCCAATTGATTCAAGAGATCAATTGGCTGGATGGGCTCATTTCTTTTTTC-3' 71

JZm: 5'-AATTGAAAAAAGAAATGAGCCCATCCAGCCAATTGATCTCTTGAATCAATTGGCTGGATGGGCTCATTTCG-3' 71

K2 IRFESEHME siRNA BERLETE B
EIE LA Eib7)s2]] K /bp
siRNA IEM: 5'-GATCCGTTCTCCGAACGTGTCACGTAATTCAAGAGA-3' 36
J2m: 5'-AATTGAAAAAATTCTCCGAACGTGTCACGTAATCTCTTGAATTACGTGACACGTTCGGAGAACG-3' 64

Py A R 3 BRGNS,
T 080 R UKL, BRIV 8 ) 4 110 B 4 02 o 7 R
pHBLV-HDVL2/pHB-shRNA-HDVL2, 2 Ft % Bl £ %
JE ks, B pSPAX2 Fil pMD2G., R 5 4l i TC N 25
FAEE 3 PRI AR, WREEIREI 1 we/pl, A260/280
fE 1.7 ~ 1.8 ] Tk 8 1 %, Ll Lipofectamine 2000
JE SR [RI PR 3 JBOkE 2 Ge % Y« HEK293T 2, %% 4
J& 6 h B 10% FBS W8 fif 58 21552 5. #E 48 h
WF, ISR 1 RERFRIE, HACH i SE S R Ak s
F5, E T2 h WAERTA EEREE, B0 RBRAIMIRE -, ik
AN TR TR O T, 4°C. 22 206 r/min B0
120 min, MR EEE B, B A 80 CUKFHR URIRAE
125  Jme@ e HEK293T 401 1 x 10° 4 /ml
B D 96 FLAR, 100 w I/ £L, B MRFRES 6 FL,37°C,
5% Akt CO, FiFRAE PG IS . ¥4 10 wl IRHER
503 AR EERR RS, 3L 6 DFRREEE, B R LA,
JEIE NS IR E 100 pwl; 48 h 5, ikl 100 wl &
L5 pg/ml I RMTEREEFIL ; 24 h )5, ot aeds
FRILARLEIEFE 6 h, THANM TARS SO, JOEH
FTE 10% ~ 30% (AL EEREE 5 S (TU/Mml) =
MR x DEE I x MOLx SRR x 107,

12.6 125 AERSE hUVECs LA 1x 10" 4 /ml (Y5
LA hUVECs 2] 6 fLAR, ARG FETE 50% ~ 70%
WS REER (LR 6 wg/ml) YIS R PRI
B, MR B 2 R 240 s o AR g A R 08 B L 5
YL 24 h, BRICR RIS N MR IREL, 37°C4keky
Fi24h 5, IEANM T ARG B, 4 KRS A R
BELUG , R FH M4 A R 7 ot A R 7 A 41 5
WIS R R E N 8 wg/ml FYIEN MR FERE, 37°CH;
IR, HEBCA RGN 0 4 IR S R 2RO,
H WS R R VR EREARE 4 o g/ml ARZEHEFR 1, 40
Pt AR B AR AR 5 B TR, e MY,

WO T A TR BRSO R, R A KB 5% )5 R
AL TE A . R gL b i 41 i 434 BC 4 (hUVECs
25X IE ). NC 4 ( HBLV-GFP-PURO BH¥EXT B8 ),
T4l ( pHB-shRNA-HDVL2 ) Fid# k4l ( pHBLV-
HDVI2 ),

127 EHRAZEZREGMERS (qQRT-PCR ) #
M mRNA A8 A F SRR EUHAS, 2900
RNAiso Plus $2HUE RNA, L Prime Seript ™ RT Master
Mix A 7055 5%, Wi Sk 2500 R« 37 CHUY 15 min ;
85CY M 5s, BIWFH K3, =M TB Green ™
Premix Ex Taq " 1T (Tli RNaseH Plus ) 7] & Ui H 4,
HEAT qRT-PCR JI, SO S6AFH : 95 CHEME: 30 s 5
95°CAEME 5 s, 60°C IRk 30 s, 3L 40 MEH ., Ed LU
2 TR

%= 3 qRT-PCR5|#F75l

o 514751 S
DVL2 1EM: 5'-GCCTATCCAGGTTCCTCCTC-3' 20 57.53
JZ ] : 5'-AGAGCCAGTCAACCACATCC-3" 20 57.48
GAPDH 1E[#: 5'-CAGGAGGCATTGCTGATGAT-3" 20 55.19
J2m: 5'-GAAGGCTGGGGCTCATTT-3" 18 55.58
128  Western blotting #- & & ¢ 4axt R ik & 20}

WA, BBUE . Ll BCA BT R, L
5x %51 Loading buffer % 4 : 1 7L4MRE, 100°CE B
10 min ZMEH . LI BC AL, NC 4L, T4l
FRAUF 4 125 wg 28 (VRS VA TR 80 V 1 R
K., 200 mA % 120 min ; 5% BEIRUYBY IR 2 b,
1 TBST, i3 6 4, FEK 5 min 5 ZH3IASRSTA DVL2
(1 :1000) F/NEHTA GAPDH —4t (1 : 10 000)
4°C, JAFE, 1 x TBST WYk 5 -3 AL 2EHT S b
PN HI(1 2 3000), % IEFEE 2 h, 1 x TBST 1%
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Ll Chemi Doc ™ touch imaging System ( BIO—-RAD ) #:lll]
& ECLAL2E AL, L ImageLab #4480
BRI, BRI & & = B i &4HK
JFEAE / X GAPDH JK 1R .
1.3 HitEHE

BAE TR SPSS 19.0 Geitikdt, HHaOR
PR = bR (xxs) Fon, ZREARIEBCR AR
J5 25570, HoE HLECR F LSD—t K556, P <0.05 2%
SAEGI R BHLERHEL 3R, BHEAR
YA g 3 A5 fL o

2 #HR

pHBLV-HDVL2 T RIFIEREHELEELER
W AR ) BEPE ST RE TG T PCR 974, 1% B
EEBER vk e, n] LR ST Y — A 4 (LT 1A~

10 000 hp
8000 bp ™~
6000 bp ——
5000 bp —=
4000 bi? 7
3000 bp
2000 bp =
1500 bp ——

2.1

1 000 bp
750 bp

500 bp

250 bp

100 bp

D), X DNA Marker i —5f s HME 7o, BRRE
REHEA TIPS 5, 28 S s di A8 SR E ) B 1 R
BT 5E 22— (MR E), Bkt gz .
2.2 h-DVL2 shRNA 18R EHELEELER
W5 ¥ 2 1Y BR 9 7 T P 28 AR pHB—shRNA-HDVL.2
TV, 1% SRR HEE IS TR 4 (WL 2A (B), B[l
WL 0 FAPE SRR SEAT PCR ¥4, 1580720, ¥4
YIg AT, PSSR LR 2, FER (UL 2D)
WRFEMPEE R & e gty , THRFIEM. T
PTG (134 R b, JE%8 7% pHB-shRNA-HDVL2
FHER )
23 EBRBSHRENEEREENELER
PR TR ALY HEK203T 4iig)5 , O E4r e
10% ~ 30% FIFLITHEE R DLIEL 3 ),NC 4 T4t
T PSR /3K 2 x 107, 2% 10° F1 1 x 10° TU/ml.,

A: DNA Marker; B: #fRZMALALIK; C: PCRY™HIM h-DVL2 J$51; D: pHBLV-HDVL2 Boki; E: A5 (3@ XIS H TS,

(0, XN 3 x flag FE31)
1

pHBLV-HDVL2 id A F A B2 Fn il fr 45 5%
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10 000 bp

o0 ‘E = T TAATCGATTC TG T AT ATATC TG GGAAGGACEAS GATCCGRAATGGE
i = A TCCAG AT TG CRAGAGRTCANTTGRCTGGATGRRC AT T e
1500 by —— AT TCTAGTTATANTAG TAATCAATTACHGGG TCATTAGTTCATAGCCCATATATG
o ig — GAGTICCCoTTACATARCTTAC GG TAAATGCCLGCLTG6CTGACCECCCARLGAC
S00 1 — 0L CBCCCATEGACGECAATAATGACSTATETTCCUATAGTRACGUCAATAGREACT
B 1O CATTGACGTCANTGG6TGGAGTATTTACGG TARACTGCCCACTTGRCAGTACAT
o Emersmcmccu{;mcsccccmnezxcarcmmmsxmmccc
")
A B C

ﬂ

A . A \MLA

Vg

D

A: DNA Marker; B: #RAKEEVIHLIKE; C: pHB-shRNA-HDVL2 T4t Tk gk (R 45 8 (@ X85 B9 F41) 5 D: pHB-

shRNA-HDVL2 U &

B 2 pHB-shRNA-HDVL2 shRNA TRk kR ENN T &R

2.4 [12HRERS NhUVECs IBRE
1295 #E Y hUVECs J5, I puro+ $TtESE A,
i puromyein G ARG AN, i#id Image J M1
JEYL AR >98%0( YR = A UOGANNEL / ANAL (I
K4),
2.5 DVL2 mRNA fiE QX RIZELE

%20 DVL2 mRNA FHXT3RA i hAL, SN E Ty
LT, ERAGIERE L (P<0.05); #E—L M
BN, NC 40 DVL2 mRNA AHRf k55 BC 411t
i, 2RI EN (1=1910, P=0.129); T4
DVL2 mRNA HXF ik 45 BC 41K (1 =28.369, P =

0.000 ), TLERZCHE R 67% 5 1t Fik4lHh DVL2 mRNA
XA (1=-5.641, P=0.005), 1Kk FH
NC 21 5.6 1.

K4 DVL2 FE RN LI, SR I 25T,
ZRA G L (P <0.05); BCFINC 4] Hha] il
DVL2 A3, it FikdiBok . 5P g
IR, NCZ DVL2 1 Rk E BC H 2 % L4 1t
S (1=0.031, P=0.977); T4 DVL2 JK &%
BC ZHFEA% (1 =37.025, P=0.000), THEEHR 61% ;
it LK DVL2 85 1 R (¢ =-13.004, P =
0.000 ), Fik/KF-HK BC 4Ly 2.7 5. WL S i3k 4.
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0.11 wl () 0.11 wl (HYE) 0.033 wl( %) 0.033 I F16)

3 BAEHENER ( x100)

0.033 pI(FE) 0.033 1 (%) 87 T

—_
7 6
A
2] o
.. 0 ..
0
BC4l NCdl T4l ksl

DVL2 mRNA #ik

A
BC 4l NC 41 TIH Rk

o - - - o
GAPDH 94 kD

31 T
Ty K,
®
o
e
3 1
= i
0
BCZ NC4 T FRkA
C
ek A: DVL2 mRNA (AR K15 G B: DVL2 #HH AR A
DVL2 A #ERKE, 5 BC4lE:, P<0.05
M4 1BREEMLNUVECs BEERE  (x100) HFTRIACE. 15 BCALILER, Pe

B 5 &% DVL2 mRNA flEBRIALLE
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% 4 DVL2 mRNA fiIZEBRILLLE
(n=3, xxs)

251 DVL2 mRNA DVL2 %
BC 4 1.000 = 0.000 1.000 = 0.000
NC 4 0.930 = 0.005 0.987 = 0.009
T 0.301 = 0.006' 0.380 = 0.004'
Rk 5.684 +0.043" 2.726 +0.023'
FAH 35.767 222.458
P 0.000 0.000

. 75 BCAE, P<0.05

3 iTig

AWFFEHE Jef DVL2 3 Fk Mg i i &k
# /& pHBLV-HDVL2 il pHB-shRNA-HDVL2, B %
PRFRL, VAN P45 S R SR A ) . E—2F
K 3 BURLR S, W IR BR L% FURL pSPAX2 Fl
pMD2G 5 YL 2 HEK293T 4ifig, WA sr e
BCEA B MR R . TR IR A
ZsGreen 00 H LR, BWHE A EGFP 22 6H
hfasE, Wit POk BT IR BENE AN T AL AT
FERG G AL M B Y i A, A5
HI TR ARG, BRSRHET DVL2 1Y REH
T4 shRNA J751#8 5 8 )58 hUVECs FEH 2, I8
i puromyein §ii %6 11 FoE FRIB R AR, ARTHES Y
BEYLRR (598% ), 5 BC 4 ILER, i #iA40H0 DVL2
FEIRMn, WL DVL2 kK R, T,
ARSI RS T DVL2 B9 T30 i 26 3518 5% 27 4%
1, FHRENSTEIFUR hUVECs i P RaE Hik.

Wit {555 38 [ A2 43 W AUBE 2R 1 Wne 335005 19—
ZAWMETE M, AFE A Wnt/ B —caternin {5 51 [,
L2 ML) Wnt/PCP {5538 %A1 Wnt/Ca™ {5 538 i .
Wnt {5538 % 5 S koA RE AL B IAROG . 7RI R AR I8
rh U 2B Wnt 5530 A2 AR B A2 AR AR AR G
6 (LRP6 ) J X 58745 £ 35 4 I 5 Jk ok Ao s A g XL
B, i LDLR™ /) BRBSCHY 2 28 A AR 55 0 ikt 1
WAL RIREEN Y . 20 Wit {5 55 PR CAA Wnt 5o,
FUEE A B —caternin™ K H3E # 1  77) DKK-1"" #
Z: 5 gk R A & A A Sh BRI R B 1 R . R
I, Wnt/LRP6/ B —catenin {5 5 i #% 1 P (1 2018 2 28 1
Ry sl Ik s A Bl Ak BE B ) — KR . T A e
/R, ARLH Wot/PCP {5538 B [RIAE -5 skl Rk

5, HFFE RoA/ROCK 15 5 sl ik ok AR as 1k 301 ()
DAL B 4 i D B 405 R 1A B BEROE i AT 24 ™. DVIL
1B Wt {5 5B RO, RINFZ 5 2% Wt (5
S, A CER AT FEASFEI Wt 5
530 43 Sl 5 A ] A R R B R RS R 40 B
g, 4 Wt (55 S S OB C R E &
BN IZ AT P BRI, A7 0C DVL FESh ikok e ag
feat R BV E LTI 2, R s 5T s DKK
WIS DVLL 25 A N 0% =, A
SRS DVL 7 B3 37 Wnt/PCP 15518 4 2 725 1M 45 1Y
Rz A A p v = BRI, DVL ZEShkokeEaE (ki
P it S —Se i (R AES, ASGE I —2% Wt
B RS A e, IFE— 2 S Bk
Wb Y & A i AN RE. LAh, A#HEE DVLL F1 DVL3,
DVL2 MINREFFE b s =, ik, iZhifgE: DVL2
T A RS TIRAM ST DVL2 75 sh ik ok HE A
b Az 3k B v R B BT U5 B ) Wne 38 % 28 1 B
AEENE L,
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