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ABSTRACT Objective: To lay the foundation for hemophilia A gene therapy and real-time monitoring of human embryonic stem
cells differentiation to endothelial cells, endothelial cell-specific promoters were cloned and its specificity was validated. Methods: A
stable method of obtaining endothelial cells from umbilical vein was established. Then the expression of endothelial cell specific marker
gene VWF and VE-cadherin were verified via RT-PCR and immunofluorescence. Promoter fragments of vWF and VE-cadherin gene
were amplified using PCR. The EGFP expression vector originated from pEGFP-N1. The cloned promoters were substituted for the
endogenous CMV promoter. The plasmids: pyWF-1, pvWF-2, pVE-1 and pVE-2 were constructed in total, which were then transfected
into HUVECs and hESCs. In order to find the strongest and most specific promoter, the expression of GFP 48 h after transfection were
observed and compared. Results: Endothelial cells were isolated from umbilical vein and the markers of their specific genes were
detectable. Four plasmids were confirmed by restriction enzyme digestion and sequencing. HUVECs and hESCs were transfected by the
constructed plasmids, and the GFP expression under fluorescence microscopy showed that pVE-2 promoter was of most specificity and
transcription activity. Conclusions: An endothelial cell specific promoter with the highest GFP specificity and activity in endothelial cells
was successfully cloned.
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1.1.2 FEiX7F  DMEM/FI2 $537 5 4R 34 (FBS) | L& £
RYIKSR) AR FEFR(NEAA) L- 2 Z e | A 1 2 4
A K B F (bFGF) . 43 Uit (Dispase) .0.25 % i . B- ik 2 1
TRizol | Fi {4 54 43R 57 & (Lipofectamine 2000)Iy [ Invitrogen
oA IR 2 R N A Sigma 2\ F] ,EGM-2 15373 A T48
MR & -2 W9 A Lonza A, BRI N YIEE T4 DNA %
$%if# \Phusion /= {f 2. DNA 3 & [iff .LA-Taq DNA X & [ifF .
DL2000 DNA marker /5 [ NEB .FINNZYMES . Takara 25 /\ 7],
St R & 1 Promega /A F] , vWF  VE-Cadherin $it {40 [
ABCam 2\ #) o

1.1.3 FZE{8  PCR {4 Applied Biosystems, %5 K
27205 LKA BRI HBL UK AR 3 BT A2 - Tanon, 5154351y
EPS 300.,1600;CO, ¥ 3545 14 |1 Thermo Forma 2], K5k
3111 O R BHULR RS A Leica, 81524 TCS SPS;
T B WA Leica, %152 DMI 30008,

1.2 ik

1.2.1 BEpfk AN S BRIESR 1 PBS ZUGEHHRE
IR K P , 22 55— it e S P VR A TG Y 0 T el P LA R
TE 0.05% Jififig +0.02% EDTA SN ik , 7 B Wi .
37 CHEFRAENIEAL 30 min 5, WFFEHIK—3m#EE DMEM+10 %
FBS(%) 20 mL), 27 % 50 mL 25.045,400% g &5.0 5 min,
R FJZWEW, MR T 0.1 % B ARy B FR LA
JMAGE 7 EGM-2 R385k, B 37 C ,5% CO,, 1 FIE BE K% 3740
PSR, B 3-4 KAl —I o

1.2.2 G347 M B 40 L SR T R 75 K P9 B A ol

T 0.1% WAL w24 FLIEFRAVELAIC ) |, Framfila B ik
80% 2 A7, WU H, 4% 2 5 B RS 25 R [ 72 15 min, 0.1%
Triton-PBS(PBST)iZ fLALH ,PBS ¥4 3 K. 5% BSA £f4] 30
min, 53 F A St AR FEREDT A& vWF \VE-Cadherin iR % &
—HT 1 ho 35 VTR B S A TOLRC B FEhT R .
37°C §¥% 1h, PBS VYEIR)G , DAPT Yei%, 60% H il A, okt
RETUEIFAIE.

123 RT-PCR 47U A B ARSI S FHIRE  RNA iR
I RT-PCR 3444 M8 S sl 00 & i 1 13 6 A7 o A0 vWE |
VE- cadherin (CDHS) >N Bz 40 g 4 57 L SR GB Y R A
B-actin NS, LW 24495 C5min;95 C 305,60 C 30s,
72 C 15 s, 9G¥ 32 ¥;72 C , 10 min),

% 1 RT-PCR 5|#1F 5%
Table 1 Primer Sequences of RT-PCR

Gene Primer Sequences
VvWF RT VWF-RT-F 5'“AGTGTGCCTGCAACTGTGTC-3'
(144bp) vWF-RT-R 5'-CCACAGGGTAGATGGTGCT-3'
CDHS RT CDHS-RT-F 5-CAGCCCAAAGTGTGTGAGAA-3'
(185bp) CDH5-RT-R  5-CGGTCAAACTGCCCATACTT-3'
B-actin B-actin-RT-F  5-TGAAGTGTGACGTGGACATC-3'
RT(151bp)  B-actin-RT-R  5-GGAGGAGCAATGATCTTGAT-3'

124 AREMAMSZERIFI 18R GFP IR&5EE R E
3248 HUVECs iy gDNA, DIE W4k PCR, ] Phu-
sion iR ELHEY 1 vWF VE-cadherin J& 3l A B¢, | W 514
(98 °C 5min;98 C 305,64 C 305,72 C 2 min, fEFF 30 ¥K;72
'C, 10 min), K¢ PCR j=¥ 3% 4545 pGEM-T ik, -4 THEY)
FP % RE o S5 8 I Y B S0 B 2R 4R pEGFP-N1 433l Ase
[ . Sac Il XU V), WY ™ Wi oAb )5 7% 345 2] pvWF-1,
pvWF-2 pVE-1,pVE-2 P4k,
%2 PCR Y HEHFSIWFTIE

Table 2 Primer Sequences of promoter

Vector Primer Sequences
DVWE-1 WWELE -attaalTGGAGAAGCAGTGAGGAG-
GT-3'
871~4 -R*?
(-871~457bp)  VWF 5'.CCACTGCATGAAGAAAAGCA-3'
VWEaqp > -2taatCTAGGTTGGGGGATG-
pvWF-2*'  yWF2-1R G,ATTH .
(1750~457bp) VWF2.2F 5-GGTTGAATGGATCGGCTAAA-3
P wWiRs S-TCAGGGTGCTTGTCTCAGTG-3'
5'-CCACTGCATGAAGAAAAGCA-3'
OVE-1 VELF O ataatAGATGCCAGCCATAAGCT-
GT-3'
-1285~121b VE-R*
( P) 5-GGGATGTTTCTGTTCCGTTG-3'
SVE-2 vEyp | OataatGCACGTAGACCATGAGGA-
(-1984~121bp)  VE-R*3 CA3

5'-GGGATGTTTCTGTTCCGTTG-3'

Note: Ase I restriction enzyme site was introduced to the upstream primer.
*1: two segments (each about 1.2 kb ) of which pvWF-2 were connected
together via directed cloning; *2: pvWF-1 and pvWF-2 share a pair of
downstream primer VWF-R; *3:pVE-1 and pVE-2 share another pair of
downsteam primer VE-R.



REYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Voll5 NO.17 JUN.2015

£ 3203 -

1.2.5 fHRasEL R GFP Riktk#®  HUVECs 5% . AT
B L 80 Yol AT HEA T4y, SR YLHTP /DI . BR pyWE-1,
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%5 ng, A THMAZ AR & -2 vk . B R A

500 WL RPMI-1640, %8 ji #6555 min J5 1A 10 pM Y27632, 4%
FIF#E MEF [, % 37 °C ,5% CO, B Fef i ki3, 48 h 5 a¢
e B N MBI HL# hESCs H GFP (k&N . DL ESts
¥hsr R =K.

2 #R

2.1 NE AT BERES

K43 B 0 I K A0 M SR 2 0.1% BRI AD B 1Y 6 em K537
LA, 24 h J5 BI0T 76 30088 T W 2] P 7 R B D0 B AT i, 5 K
A EE ST, 2RI ZAEEEE, U
10-14 K, N K AR YA BEPT iL 2124 95%, v] RAHEATAEAR 2k R
(I 1),

1 RS TR B B RSk A 52 20 B
Fig. 1 HUVEC:S cultured in vitro
Note: HUVECT : In vitro culture of HUVECs, day 2(50% ); HUVEC2:In vitro culture of HUVECsS, day13(50% );
HUVECS3 ; In vitro culture of HUVECs, day 13(100x ).

22 BREBRFAWIERR S BN R4
Fe 3R a RN B AR R 2 IC )5, il S e Dk
I, 2528 7 PN B AR ) B R AR 740 CDHS B2 T 4R i

CDH5

b HLY Rz A0 A AR R 5 vWE B 840 40 A T A 5, TE
ST S B AR I S e 2B RE A N B (1 2)

DAPI
a2
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b2

2 MR LAREAREE B R R

Fig. 2 Immunofluorescence staining of endothelial cells

Note: al-a3 Detection of CDH5 immunofluorescence, followed by CDHS, DAPI staining, the positive signal and DAPI merge map;

b1-b3 detection vWF immunofluorescence, followed by vWF, DAPI staining, the positive signal and DAPI merge map.
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2.3 RT-PCR ¥ KN E A4S SEHREERRE
) B-actin Sk PS5 3k R, [R] ARG 0 973 14 of B AR B 1 40 i
HO), B Il | 5 e ik A K% A1 J) 1 ke 15 79 PN B 4 ffd H vWEF .CDHS
BIFRTE B S5 S B AN AR 3L vWF  CDHS 78 = 2%
LU 5385 A 1 DY B AT R 5 235 L (BAEAE HO A ARG A
#| vWF CDHS {435 (18 3), &5 R — 5 ik sL A 10435
HUVECs fJ4lifF, 55—y HiEsE T vWF CDHS (74 Jz 41 iy

H9 CB Huvec PB

vWF —

3 RT-PCR il f2 488 vWF 1 CDHS mRNA f &%

Fig. 3 mRNA expression of vVWF and CDHS in endothelial cells detected
by RT-PCR
Note: 1-4 lanes showed the results of H9(neg), CB-ECs, HUVECs and
PB-ECs in turn. Expression of endothelial cell-specific genes vWF and
CDHS, with B-actin as control.
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AHAT, A ILIEAR (] 4),
2.5 FRICFEAR

A4 %% BT RE pEGFP-N1 A1 44 2 1) 09 A~ 50 R 43 1) % G
HUVECs 5 hESCs, 48 h J5 7E2¢ % i i i T M 4¢ GFP iR ik
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hESCs #ifitg ¥ £ Mg 5] GFP % 19221k ; 7€ HUVECs H1, T Wi

SXFN B GFP R ARk, (AAH A 3 ANk, pVE-2 A i

B B SRR R (B 5,6) X eb4E F IR N VE-Cadherin 2 vWF
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Fig. 4 Vector map, Enzyme digestion of the plasmids and a part of sequencing results
Note: a: Vector map. ECs Pro: Endothelial cell-specific promoter pyWF-1, pyWF-2, pVE-1 and pVE-2. b: M: DL 2000 Marker. 1, 2 were pvWF-1 Ase |
digestion and Ase I & Sac II double digestion, respectively; 3, 4 were pyWF-2 Ase I digestion and Ase I & Sac II double digestion, respectively; 5, 6 were
pVE-1 Ase I digestion and Ase I & Sac II double digestion, respectively; 7, 8 were pVE-2 Ase I digestion and Ase I & Sac II double digestion,
respectively. The plasmid digestion maps were consistent with the expected.

c: Part of the sequencing results of pyWF-2 and pVE-1.
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hESCs/hiPSCs 73 L1538 1) ECs HA R iz, A0S RE )
Wi HAS TRENR A, CR&AF2 13 Y55 IEY

3 WiE
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REYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Voll5 NO.17 JUN.2015

£ 3205 -

pECFP-N1

5 HUVECs ##H%&R
Fig. 5 Results of HUVECs transfection

Note: HUVECS under fluorescent microscope after transfection(100x ).

The upper left corner showed the plasmid transfected, the arrow pointed to fluorescent cells.

pEGFP-N1

6 hESCs #LMER
Fig. 6 Results of hESCs transfection

Note: H9 under fluorescent microscope after transfection (100% ). The upper left corner showed the plasmid transfected.

hESCs/hiPSCs-ECs % H HAT AR5 7020, Hovpr 22 /047 2 T
EHEA TG PRI, Rt 325 hESCs/hiPSCs & 1] 53 fE K
ECs HURCR M BE 5 R 1T 2005 1 KT
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AW A5 25 HUVECs, I X IESE 1 A B2 40 b i ik 1]
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AR, MR AL ANFER/ING 8 F B Bk 8l GFP 3235 1 U4~
JFRL o EAE 22 YR A Y S IR UE SE DU PN AR R s Bl T
F Bt pvWF-1 pvWF-2 pVE-1 pVE-2 ¥ hESCs W ¥ % H ¥ 7
T TR N B2 A BT 5 S ik o o, pVE-2 1% ST
P E S T HAR 3 AR shF F B B RAFIEE G AN B
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