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Preparation of an oral DNA vaccine based on VEGFR-2 and investigation of its
immune effects in mice
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[ Abstract ] Objective: Vascular endothelial growth factor receptor-2 plays an important role in tumor growth and metas-
tasis. This study is to prepare an oral VEGFR-2 DNA vaccine and to evaluate its immune effects in mice. Methods: The
recombinant plasmid pcDNA3. 1-VR-2 targeting the extracellular domains of VEGFR-2 was constructed by gene engineer-
ing technique. After confirmated by sequencing the pcDNA3. 1-VR-2 vector was transfected into COS-7 cells via lipid; the
protein expression of VEGFR was identified by Western blotting. Then pcDNA3. 1-VR-2 was transformed into attenuated
Salmonella typhimurium S1.3261 to develop an oral DNA vaccine against the extracellular domains of VEGFR-2. C57BL/6
mice were immunized with the prepared oral vaccine; the serum level of VEGFR-2-Ag specific antibody was detected by
ELISA. The cytotoxic T lymphocyte ( CTL ) was detected by modified MTT assay. Results: We successfully prepared
VEGFR-2 DNA vaccine. ELISA results showed that the VEGFR-2-specific IgG level in oral vaccine group ( 1. 07 *
0.018 ) was significantly higher than those of the empty vector group ( 0. 14 +0.038 ) and saline group ( 0. 14 0. 033 )
(F=853.17,P =0.000 ). The titer of serum antibody increased with the immunization period and the immunization
times. As shown by MTT assay, the prepared oral vaccine had specific and efficient cytotoxicity against murine endotheli-
um cells ( Ms1 ) in a dose-dependent manner in vitro. The CTL activity in the oral vaccine group ( 89.38 +1.51 ) was sig-
nificantly higher than those of the empty vector group ( 12.99 +4.31 ) and saline group ( 15.17 +2.54 ) ( F=315.42,P
=0.000 ). Conclusion: We have successfully prepared an oral VEGFR —2 DNA vaccine which can stimulate specific cel-
lular and humoral immune responses in mice, paving a way for further anticancer research.
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RAD 7 ], Tryptone . Yeast Extract 14 [ OXOID 7y
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RT-PCR. Qiagen JuAi4H, QIA B M1 ria 5 & F
Qiagen 2~ ], DNA ¥ #i7 & W A F LW A #l,
Anti-mouse VEGFR2 ( Flk-1 ). Antibody Recombinant
Mouse VEGF R2 ( Flk-1 ) /Fc¢ Chimera W H R&D 2
7] ; Rabbit Anti-goat IgG 4 | Chemicon 2\ &), Protein
Detecter™ ELISA 7 &) Fl KPL A #] , iR 4E &R
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cDNAJFHI %5 286 ~2 572 Bdi K H Ay 3L A, i
Primer Premier 5.0 5| # i 15, & it LS5
¥ S1:5'-GATAACCTGGCTGACCCGATTC-3", F-iiF N
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BRI P BT 05 R Kpn 1, P2 [ 5" S s IR ol 7 A
YN 50 Xba 1 o RT-PCR ¥ 38 £5 4. 50 °C 300 4% %
30 min,95 °C K Wi 5% S A HAZ 1 15 min, 94 °C
E 40 s ,54 CIB K 1 min ,72 °CFEfH 2 min,38 4>
PERJG 72 °C ZEAR 10 min. [0 W44k B i F B,
Kpn 1 F1 Xba T XLEGFE] H 9 7 Bt 5 peDNA3. 1, [l
aifbJ5 4T DNA RN . &= YRz S
DHS5 o, BEECBHPE BB 7 280 T 5 ml & 100 wg/ml
ANHER RN LB KSR SR P, 37 € .250 1/min
PREEIE IR BB K 5 W 5 P2 I 20 B0k, Kpn 1
Xba | BEVI%E5E 5 , 2% 1 Invitrogen 23 B P IESE
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BPUE 1gG. A ECL & 35 &, In A fb2: %ot
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Ho A3 100wl bl 28 00 0 MRy i #54H7 peD-
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# mVEGFR-2 # F JH 0. 01 mol/L PBS( pH
7.0 R REAL 0.1 e/l VAT, B 10 wl 433805,
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2 AT, A 990 wl A0 i, i B Lk ol 1
pe/ml VIR, 3L 3 mlo H—A~ 96 FLk, EHL 21 4>
FL, BEFLIA 100 wl (1 pwg/ml ) FImVEGFR-22E %
W ,4 °C i, By mVEGFR-2 5 1 40§ 4 10 i b
Mo H2HB Protein DetecterTM ELISA 257 &5 150 BH $4
Y, LA HRP #Ric 9 40/ B 1gG PUIRAE N 56 — 9L
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BN R 40 L MS1 ), A 10% Jif 4 135 14 v A
DMEM 4HAE RS F2 9, BT 37 °C 5% CO, MR FR4
PIREFRIFAEAR o WSO X 00 S 40 L, ]2 4 S Y
WA 1 x10°/ml, B3 4~ 96 FLAk, BEFLAINA 100 wl
YRR, B 1 x 10° /9L, K5 5% 24 h, ¥ 8 H /0 BRI
A 2L 4 B Y U B %% B 8 x 10°/ml 4 x 10°/ml
2 x10°/ml.1 x 10°/ml, BALANA 100 wl, EPRL: $E 1
980 :1.40 :1.20 : 1,10 : 1A ELBNR A, BRI

3AEAL, MIECE 3 AN TAELLC HE SR MTT . DM-
SO )3 /™ §E 4 ff %o R FLC 30 40 g, K5 32 MTT
DMSO ), 557 48 ho /MO FIE, PBS Rk 2
U LA 180 pl 5 RPMI 1640 15 5%, F5-0
A 20 pl MTT (5 mg/ml, Bl 0.5% MTT ), 4%k
gt 4 h, 2k s gR, AL A 150 wl = F 3L R
( DMSO ) E#5 K P AR 10 min, {45 5 7253
Vi o AEREIBE S EE R AN 570 nm Kb 45 FL YOG
WM. HAKXTHERGFR RJFRC %) = (0
YU BESL Do 15 — 2R AR AL Dy, (8 ) / ¥OZH L
Dy oMl x100%
1.8 %itzam

iR H SPSS13. 0 Geit 4, R Uy 22 i il
t KIS TS A0 PR, P <0.05 A ST #E L,
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RT-PCR ¥ 34 7= 2 1% B IR WHEERE LUK )5 , 8
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Kpn 1 Fll Xba 1 BEYI4ERE , LUK S AT ILZY 2 300 bp 1Y
HARBCE2),
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Fig. 1  Agarose gel electrophoresis of RT-PCR product

1: DNA marke! DL.2 000 ); 2: RT - PCR product

M 25 B 25 GeneBank BLAST 307, 5 € 18
() VEGFR-2 Mufl cDNA JFFIAALT , 4 A 7 B ) 52 HE
1EW .
2.2 FA&EEG COS-T it VEGFR # % ik

H2H TR peDNA3. 1 28I A3 Y EL A% 40 it
COS-7, Western blotting A & B , %% Y 5 211 5T 4
WP A — SRR S 450, A% 43 TR AE 90 000
Ao, e Gz oo 240 M 4 B e 45 ( 813 ).
2.3 EARKEAREDTTHA R E 2 IRA
DNA %% ¥

I3 HIPEHL peDNA3. 1-VR-2 ., pcDNA3. 1 # 1L #Y
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SL3261 FR Y, JEBUTCRL, FH Xba 1 F1 Kpn 1 BV,

FL K45 5 7% - peDNA3. 1 A 5 400 bp — 45447, i
pcDNA3. 1-VR-2 |4 5 400 bp F12 300 bp Wi %k

(P 4), AW I R DNA 25 il 4 L o
bp 1 2 3 bp

Y5 400

— 2300

3 000
2 000

B2 FEHFRH pcDNA3. 1-VR2 B £ FE
Fig. 2 Identification of recombinant plasmid
pcDNA3.1-VR-2 by restriction enzyme digestion
1: DNA Marker;2: Recombinant plasmid pcDNA3. 1-VR-2
digested with Xba [ and Kpn I ; 3: pcDNA3. 1
digested with Xba | and Kpn [
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e

M(x10 M !
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3  Western blotting 1 & 40 R 554 5
COS-7 #ifl VEGFR HI5Ri%

Fig.3 Expression of target protein VEGFR in COS-7
cells after transfection by Western blotting assay
M: Marker; 1: Negative control; 2: pcDNA3. 1-VR-2
group; 3: pcDNA3. 1 group

2.4 ¥ alRJE R ik VEGFR-2 IgG kK -F

SR 12 B IO AILAAR 1 A TR e 2 1 DL
S5y R A BRER K AL 28 TR 2 RNRE W AL, e R
2. 4.6 JEREIN /N BR ML HT VEGFR-2 1gG ZEHiR K
o RN BT A PR OK T m AR R K A
23 Gk R BEZH( P < 0. 01 ) 5 A= FRER 7K 2H 015 b %o
FE 2 470 i R B % i I A I I AR Ak T T AL
G g2 e /0N BRI B 1A TR B A TR L2 .4 06 SR
Dy EZEFAGIFEL(P<0.05,%1),

B4 SL3261 PZEVEHERAHETIEE
Fig. 4 Identification of recombinant plasmid extracted
from SL3261 by restriction enzyme digestion
1: DNA Marker; 2: pcDNA3. 1 digested with Xba | and
Kpn 1 5 3: Recombinant plasmid pcDNA3. 1-VR-2
digested with Xba [ and Kpn [
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Tab. 1 Serum titer of VEGFR-2 specific antibody

in immunized mice of different groups

Group 2 weeks 4 weeks 6 weeks
Saline 0.14 £0.035 0.14+0.033 0.14 +£0.033
Empty

0.15+0.033 0.13+0.031 0.14+0.038

vector

Vaccine 0.46 £0.027"* 0.80+0.042 1.07 £0.018" "

" P <0.01 vs saline or empty vector

2.5 JEW RGN RAEK S mAneg CTL &%

FEASTR] P RCHE s O, A LR 7K 21 0 B X
TR DGR L 40 O X 46 200 L P R 5 SR A B i 22
(P >0.05 ), T2 Ty 2 AL bk L0 24 B X 40 40 L 1) 5% 4
R A RO L R I, A0, 2= 5 gt
FEN(P<0.05), TERMERRCE LT, B A
JIG A T 248 X A 200 L ) R A e 38y v T AR R K 4
25 R IRAH( P <0.05, 8 5).
3 it i

058 A AR P DA AR RN A ) . 4
SR ARTE T 1 ~2 mm® B, Bvsg o B A A il LA
ek i A A Sy S AR T e R YR T B & B Folk-
man ZE2HE Y, B S B A A B9 R 991 B
TR GIRIT B TBL

VEGF J&175 5 i 1M 45 T2 A F B L R 5 1
e A A KR P BRTE &8 VEGF F2 %
3 PSR I 24K . VEGFR-1, VEGFR-2, VEG-
FR-3. VEGFR-2 F= 2 Il & N Kz 40 A i 36 58, 72
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VEGF ARG UL F U Y 32 38 52 85 IR S
TRRACHAIL, MU VEGFR-2 IZA /K-
BEI R FIE, VEGF/VEGFR-2 {55 14 S8 B 7e
SRR A A P R v SRR LI % £
Al S T LA PSR A AT 1 IS I
I Ra A AL RS 1 FL

100 -

ey —e—\Vaceine
= R0 H""‘“-i\ «—Empty vector
ES S Saline
z ~
o 60 i X
=
=2 E\\
— =
8 40 ~§
(=%
<]
20 v - e - -3
| =Ea ® :
0 ,
80:1 40:1 20:1 10:1

E:T

5 OfREHEENRKERRERE CTL RMABX
Fig.5 Antigen-specific CTL cytotoxicity in mice

immunized with the oral vaccine

VEGFR-2 H— AR X — A~ 5 5 DX A — 1 it
HON I R VA X A . /Bl VEGFR2 LA X i
762 NEIEFRAN, A T M PERRE HREREC Ig-
like loop ), & S5HK VEGF 4541 E2 X7,
I, ARSI B VEGFR-2 JE4MX iG) v il b &
R peDNA3. 1-VR-2, 55 1L 3l # V0 11 4 SL3261,
H45 LA R VD T T SL3261 Rk Ay 11 IR VEG-
FR-2 DNA #11 .

DNA & B AEHEA TR P SR, 00200 B ST S5
R AR AP EAZ A A BB H . COS-T 41l
FE R YR T AR PN M B AT 4 40 M0 I 28 SV40 Jg B 5
LA R, BE L SVA0 T HU, AT fa] &2 il i
IR AT SVAO 1Y e e BURLAR RE A% 76 b LR &
¥ DU T2 N3 . T BURL 24K peDNA3. 1
IR LR B A SV40 3 3h T, Ik, BER: re b =
Hoh i H B B BE COS-T7 difig b s s ik, AR se
55 LA peDNA3. 1 #8044, g & T 51 41 T kL pcDNA3.
1-VR-2, 2 Ig AR A 5 5 G4 COS-7 4 Jifd, Western
blotting 6 & 5% Y 40 M B2 U A7 — SRR 5 10 4%
W, $2/R pcDNA3. 1- VR-2 RELEIRSNELAZ 4N 323

C57BL/6 /INERAMNE Il VEGFR-2 TgG 7T 7446
SRR A S s ok A B K At AT
AACE A W 3 E= (P <0.05 )5 1 B i A hiik
TV Bt 5 92 BsF T0] R 6 28 VR B304 15 TN i DR A 558 v
KA PR DAsEE VD T T IR TR SL3261 S R4 F iR %Y

VEGFR-2 DNA % 1 0] LA LA 08 1A G028 0
FEAEEENT VEGFR-2 FOHTIA

C57BL/6 /)N BRI Ibk EL 200 B 10 25 473 1 M i 0 245
SIS, P2 P 2E /N BRUD AR T 4 %o 4 N BRI A PN
S AU MST f) 2% 473 23 B B 28080 L 7 8 0 T 32 7 4
T, 2 FORLZE A AR BER K 4 A I ARk, AE TR
FERCHE FL BT, 938 17 2L /0N U2 7k 28 200 it 00 400 it
() A0 R S s T s o 2 AR B K 4], B DLV
BEUD T SL3261 SR Ay Ak 7 VEGFR-2 DNA
PE AT LA TR X B B 0 i) S e i 52, 51 A
X 7N RIS PR 2 200 B P 0 e e 20 i B 92

RGeS g 22 W SR, ML B e R e iU 4b
BTN OE o (R, ORI M58 45 R
BRI S e 4 I FAE B X AR TR, S RGN
RTE RSN A B 0y 4 £ 503 fa 6, 1 IR A R bt i
H AT, T W 24 0 sh B HLHI MR TE R . A IFaR
FERH DU 2 20 T A R4 G i oy 1 ot A v A R
HOCHRMME o HR B0 R S 40 M XL IR Y £ 2 0T
WA FRSE, R S R G0 R Hag o 4k 37,
MREBUNXT R AFIH - fEfF 57 “fakf=" A
R, B S N 25 1 I B I R o R R O fE R AE
SO SR PR S A B R S
RS AR AARA AT RES | 25 XA B B b s i
PERE RN . Li 25 AT PERY VEGFR-2 25 3L
B R 40 i DC ), FTHE T WL XT A & VEGFR-2
PURB ST 2, 518 T VEGFR-2 HE 5 b A4
1 CD8* CTL HREEN . 5340, FIFH S % bFGF .,
MMP-2 \VEGF .VEGFR-2 A H#E S ) DNA FET,
ARSI CD4* T A T8 7 X H AR 1 o
E}i@L 18-19JO

1 SL3261 1E°h VEGFR-2 DNA P 1 18 Bt i
iz R0, 2 OURJG , DNA 1 1T GE 9 7 18 B s
PN, EE R SO . TEA 2R 40 e
L AMNEEE AT DL S mRNA I B 0 3 T
SMNEAE L VEGFR-2 7EHT i 48 12 40 Jfd o 1) 2R 35 7T AE
PR S A AR B T — R fE R R T,
A T AP K VEGFR-2 (Y Bl e ifit 45 PN 12 40 it i)
BIE SN . INSEIREE S nT LLE 34 A SR
PKI ) DNA S8 AT LAFT LA i G2 i 52, 5 | R X
B BRI e O . BRI, A 5 T 1 R
S A O B AL S I A5 5 AL i A T ik — 2
W% -

25 g, AR BFSE LA VEGFR-2 Jg 8 5, v 5 10
[T SL3261 R #k A4, i oy ifil % 1 H Ik A VEGFR2
DNA PV, TP 1m0 e 5 1) 4 G 72 AR
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