TR R Chin J Biotech 2011, September 25; 27(9): 1281-1291
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjb@im.ac.cn ©2011 CJB, All rights reserved.

R EEEMHEAK

—ET R T 20 S0 R IR B SR R B 1 R e e Y SR
R R AE A

R, WER, FFE, 8%, 84, aXX tnF, FE%E, 4

AL RLABE 22N B EEPFT R iR A R A S R RSB R, M 730046

W OE: F2RET T@RAER TIA O SER G LR RGN T REAR AT —F b asfaRmE VPL,
VP4, 3BAF 3D ZO LEAN T @l AGSSAANER T @IEE0 T @RLER, #44 Tl, FIEHEALXT O 4= Asia 1
AR O FEmE VPL B B MAR, XA FHha % Hh OA-VPL, % L& T @ikt R o5 OA-VPL fo 1 5
BREFEGHARFNTAES LG NR, TREE AR ANZ S RORERES BB EE L., RAME P K
AR O B A Asial B F fedidk, KA AX @AM RFMNE y-FREQGRKP RS RE LELA D Rk
FHRF, 4 RBT, HRFEKEG R OA-VPL £ sz a4k, Fw TI R E R EREY (P<0.01) #2 OA-VPL %%
2B (P<0.05) 1 R = A BKFWHEF T FFIK; LCDA' T @K TR EL S, IFNy FAKFREH G (P<0.01).
BLEA TR BARIF O F FH S ARR S @R R LA ER, B —HARIF R AEHF, THARFAEG LI
JE A RE LS o) —F R R, ARGE YRR,

XER: ORERE, T@hils, T@REER, REAG, LEEEY

Enhanced immune response of a novel T-cell immunogen in
vaccinefor foot-and-mouth disease

Qing Zhao, Pu Sun, Zaixin Liu, Pinghua Li, Huifang Bao, Yimei Cao, Xingwen Bai, Yuanfang Fu,
Zengjun Lu, and Dong Li

National Foot-and-Mouth Disease Reference Laboratory of China, State Key Laboratory of Veterinary Etiological Biology, Lanzhou Veterinary
Research Institute, Chinese Academy of Agricultural Sciences, Lanzhou 730046, China

Abstract: We investigated the enhanced immune response of a recombinant T cell immunogen as an effective cellular immune
adjuvant. The T cell immunogen named TI contained several T cell epitopes from the VP1, VP4, 3A and 3D proteins of
foot-and-mouth disease virus (FMDV) and two pan-T helper (Ty) cell sites to broaden the immunogenicity of the protein.
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Meanwhile, another fusion protein named OA-VP1 was expressed in bacteria, which contained two VP1 proteins of O and Asial type

FMDV. Mice were vaccinated with commercially inactivated vaccine or OA-VP1 protein with or without the Tl immunogen. The
results show that mice inoculated with inactivated vaccine or OA-VP1 protein supplemented with Tl immunogen produced
significantly higher level of neutralizing antibodies (P<0.01 or P<0.05) than the mice only inoculated with inactivated vaccine or
OA-VP1 protein by microneutralization assay. An obvious increase in T cell number by flow cytometric analysis and significantly
higher concentration of IFN-y secreted in culture media of spleen lymphocytes were observed in groups supplemented with TI
immunogen (P<0.01). Tl immunogen was an effective stimulator for humoral and cellular immunity and could help improve the

immunogenicity of inactivated vaccine or protein subunit vaccine.
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Table 1 T cell epitopes included in the recombinant protein Tl and their function

Protein and sequence

Function

PADRE
AKFVAAWTLKAAAL!
VP4
SIINNYYMQQYQNSMz.5,") Th
TQNNDWFSKLASSAF.76" Th
WFSKLASSAFSGLFGgr.g Th
VP1
RRQHTDVSFy.34" Te
RTLPTSFNY s57.165M" Te
3A
AAIEFFEGMVHDSIK ;.55 Th
3D
VDVLPVEHILYTRMMIGRFCigp.00,*2 Th
VVASDYDLDFEALKPHFKSL 347.361 2 Th
YDLDFEALKPHFKSL g47.561" Th
EALKPHFKSLGQTIT352.3661"" Th
HFKSLGQTITPADKSgs7.57,1% Th
Invasin
TAKSKKFPSYTATYQF!

A promiscuous T helper (Th) site for broad immunogenicity in multiple
species

An immunostimulatory sequence taken from Yersinia
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1.6 MEFARENZS MM FA R A SRR AN I

HERPEIG S 14, 28, 35, 45 KXf /DR BR AR ER
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Table 2 Doses of vaccines injected in mice in different groups

MRS TR 1 hy SRS EALINA 50 pL YR EE
Sk 1x10° AN /mL ) BHK-21 4 e &3, & F 37 C.
5% CO, 4t Fafh hii9%. 48 h JR7E i migs
BEALEO AR TS OIFIT 3, 72 h 1 4% 2 R W &
30 min, JH 10% f& /K Eh AR W BC ] Y 0.059% 7. Y Ak
WYY 30 min JE /KPR, AeZE 4 AL 5
o, KRR AR NG A I ST [
RN G (R AN o 1 = B O 1R 72
PR T BEFILIE 55 40 Jf6f IR, 4% i Karber 353155 1 fg
PRI 50 % 4 AL FLAS 7™ A 20 g 728 19 e e ML 3 A B
FE, R R B R iz 0 1 ) R AR SAN
1.7 NERBERE T #HBERME CD4. CD8. CD3 &)
il

P19 45 d J5, K/ BURBR IR ER M 30E , R
F 75% WG, TR A TG /N BUIE, 300
H T BT, A Ik EL 40 43 25 0 5 mL $ 5 1k
VOB R, Ay B/ BB A0 i B, OF A
3% GG (FBS) MYBEIRERZE vk (PBS) ¥k 2 ik
J&i JH PBS H B 2= 2x10%/mL, HAJH PE Fric ik i
Pi/NEL CD4 Bifip . PerCP #ric i Bt /Ni CD3
FPUR FITC ARic iR BT/ B CD8 Higip, [A] i
PR R AR C P Y TR) 2R Xk BE A 4, SRR E
20 min, H PBS ¥t 2 i, /5 500 uL PBS &
2, 4 h N LWL (FACSAria FiaR4nffeiy) #aim, Hi
CellQuest Z4: 2 #r Bk L 40 fits . CD4*F1 CD8* 4 Jify
AR

Groups Doses of vaccines injected in mice
1(IFV) 100 pL inactive FMDV vaccine
2 (IFV/1xTI) 100 pL inactive FMDV vaccine, 100 pg Tl
3 (IFV/2xTI) 100 pL inactive FMDV vaccine, 200 pg Tl
4 (OA-VP1) 100 pg OA-VP1

5 (OA-VPL/1xTI)
6 (OA-VP1/2xTI)

Control 100 pL PBS

100 pg OA-VP1, 100 pg Tl
100 pg OA-VP1, 200 pg Tl
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OA-VP1 & H7E LUK B 3% | 3Rk 55 R A 2%,
— %} 55 kDa, K 2 DMEIRY BRI E VPL Rl &
EA, A—5& A AE A OA-VPL 2 AL 2 N HHA
K/ O B VPL Ml Asial B VP1, ST BIZN
27 kDa, N FERHEEFZ AT H AR alifb Rk ™ A 1 T1
B, X OA-VPL [ W5E o 2 A B R A AT T 9)

Aol (K 1~2), @l 28, stk s
TI &H 15 OA-VPL AIRIR M AL 7 ik 3] T 90%
1 60% L |
Western blotting 2553201, B4 A OA-VP1
REMS Wk O RUFN Asial AU I B BRI Y 2F PHE Il 7
FrFG (B 3), BEIERIAR VPLEEHEA SHEE S
I3 B R RGP . A SCR XA A TI i Western
blotting 737 .

kDa M 1 2 3 4 5 6 kDa

116.0 —
66.2 —
45.0 —

350 —
25.0 — —21

18.4 —
14.4 —

1 FREEB TI # SDS-PAGE #
Fig. 1 SDS-PAGE analysis of the expressed protein TI. M:
protein marker; 1: uninduced TI control; 2: induced product of
TI/BL21(DE3); 3: the supernatant of induced product of
TI/BL21(DE3); 4: the precipitation of induced product of
TI1/BL21(DE3). 5, 6: purified product of TI.

kDa M 1 2 3 4 5 kDa

116.0 —
66.2 —

45.0 —
35.0—

—355

—27
25.0 —
18.4 —
14.4—

2 FRIXEH OA-VP1 i SDS-PAGE

Fig. 2 SDS-PAGE analysis of the expressed protein OA-VP1.
M: protein marker; 1: uninduced OA-VP1 control; 2: induced
product of OA-VP1/BL21(DE3); 3: the supernatant of induced
product of OA-VP1/BL21(DE3); 4: the precipitation of induced
product of OA-VP1/BL21(DE3); 5: dialysed product of
OA-VP1/BL21(DE3).
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kDa M 1 2 3
66.2 —

45.0 —

350 —
25.0 —

18.4 —
14.4 —

3 OA-VP1 ZEHH#Y Western blotting 4 #f

Fig. 3 Western blotting analysis of OA-VP1. 1: OA-VP1
reacted with bovine antisera specific for FMDV serotype O; 2:
OA-VP1 reacted with bovine antisera specific for FMDV
serotype Asial; 3: OA-VP1 reacted with bovine negative
antisera of FMDV.

2.2 IEFRFAHAREMN BN E

FMDV RIS I 7 A R4 1 G 2 11 o 5 2 11
TR TR b5, 8 S W e e /N BRI T A 40 A b ep R
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FEAR PR RE RO . S5, SRR 1 5k
HOWUMVE R VPL B s /N, M E)s 14 d
TF b sk T ARG I ) b R, L R AR i KSR
Wi Tt s SRS 45 K, BN 2 £ TI B G e dl
(14 e RN R K O 55 00U B Bl T SR 2H 2 A
(P<0.01), S8t OA-VP1 %R EE (P<
0.05); #shN 1 4% T ol di i Fp TR i TR B
TI Yr)Edl, HERAEE (P>0.05), UtHHmM 2

A% TV Gy i T LAY 8 R v25 O 16 92 1 R R 1 S 7
ST S T APUAIK T o BBl OA-VPL 4
AT DA I 241 %F O AU Asial BN 1L % FMDV fY
HORPTAR, HOKFIEAR T XN i IRV Ssed,
H2ERARE, WA OA-VPL VE N I Ff
AR A B R e SOR (B 4 51 5).
2.3 /VERBRRE T BEsRE CD4. CD8 5 CD3 4
FHIHE

Xt 43 B 1 /N RO L 41 i 9T CD4 . CD8 5
CD3 Wy thiik#E T 4L ta, FIH FACS Aria i 24l
AR S5 25 5, ] CellQuest AR F 3R BUEE . 7E
RO (FSC) S XU G (SSC) By —4EHUN
R R R EL I X P, 7 PL X P34 1x20* 441
Jf o I 22 2800 A0 B AR 43 B Ik E28 40 i A AR 2%
AR W26 i R 4E CD3., CD4 5 CD8 FH P #r
LAY PR I8 (K 6), I CellQuest k1
JyHr CDA™ T 401 CD8Y T 4 5 Fr vk & P1 401
P E RS G SN ER o = Ao A 1) 0 S A E s
3. HFEIA[AL, 6 MMusEdi/NR CDA'T 5 CD8" T
AR A W] B T, 5 TR BR AR LA R B
255 TR KIFE R 8 OA-VPL H AL
FEWT, W T HURE SR /N CD4A™ T 40 o [
il B T, X THHLE I OA-VPL & 11 By
PEH e CD8™ T ALY L it A5 i 5, BEHH IR
T T 40 B S A I A A

*3 BLW/A/NRBBE CDA' T BTN CDS' T AMBEES L
Table 3 Number of CD4" and CD8" T cell of mice spleen in different groups detected by Flow cytometric analysis

Number of cells in Number of CD4*

Groups

Number of CD8"

CD4" T cells/cells in P1 CD8" T cells/cells in P1

P1 region T cells T cells region (%) region (%)
IFV 6741 1670 132 24.8 2.0
IFV/1XTI 5828 1956 101 33.6 17
IFV/I2xTI 5749 2833 108 49.3 1.9
OA-VP1 6 608 1650 132 25.0 2.0
OA-VP1/1xTI 4134 1175 200 28.4 4.8
OA-VP1/2xTI 5742 2 466 590 42.9 10.3
Control 7043 680 30 9.7 0.4
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(=}
= 10t
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4 GfF/NRILE FMDV RRAMNIE (O &)
Fig. 4 The titers of anti-FMDV(O) neutralizing antibody in mice sera.

2571 ® IFV B [FV/IXTI
O IFV/2xTI O OA-VPI
B OA-VPI/IxTI @ OA-VP1/2xTI
20 F W Control
o 15
w
z
wn
on
3
1.0
05t
0.0

14 28 35 45
Days post vaccination

5 %Hy&/NRIME FMDV RREABNME (Asial B)
Fig. 5 The titers of anti-FMDV (Asia 1) neutralizing antibody in mice sera.

2.4 INERFEGHEYHAE W IFN-y BYFE)

AR S 57 A o a2 A TR A% 2 /D B AR L2 2

% LPS HIFLE, 43 vy TARR A AR B3 & F AR
TI FUEMGEH, 25 5% (P<0.05); MA 2 %

MG FRIREA Y y TR MR, 25 R W3R 4. th3R
4 UL, TSR KIE eEdlsi# & OA-VPL
WA R, H oy TR AR 3
i TRATER IR (P<0.01); fEANA TI PR RIE)T,
RIGPEWE OA-VPL Gz 20 /N BRIk £ 200 i 7 2

R THHUESS v TR WK &, 5K
HB#H OA-VP1 ML 22 R ¥ (P<
0.01), JMiHME AR GBREA v THEM =LK,
HE— 25U T AN TR AT DL S5 4 o A0 A S i 1Y
K-
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6 X4A/NEFE CDAT T fHBEFN CD8" T {HAE L BE 1 2 N B LA N 25 R

Al A2 DI D2
Ql Q2 Q-1 | Q21 Q1 Q2 Ql-1 Q2-1
Q3 Q4 Q3-1 Q4-1 Q3 Q4 Q3-1 Q4-1
BI B2 El E2
1 2 1-1 2-1
Q Q Q Q Q1 Q Q-1 | Q1
Q3 Q4 Q31 | Q41 0 04 031 041
c1 2 F1 F2
Ql Q2 Ql1-1 Q2-1
T Ql Q2 Q1 | Q21
Q3 Q4 3-1 4-1 2
Q Q 5 3 | o4 Q-1 | Q4
Gl G2 CD4 CD8
T Ql Q2 Ql-1 Q2-1
é Q3 Q4 Q31 | Q41
CD4 CD8

Fig. 6 Flow cytometry analysis of CD4" and CD8" T cell number of different groups. BALB/c mice were injected intramuscularly
and subcutaneously with different vaccines as described in Table 2 at 0 days. Forty-five days after the injection, mice spleen
lymphocyte were isolated and stained with CD4-PE, CD3-PerCP and CD8-FITC, All samples were acquired within 24 h with a
FACSAria flow cytometer and CellQuest software. A, B and C stand for group 1, 2, 3, respectively, and D, E and F stand for group 4,
5, 6, respectively. G stands for control group. CD4" T cells are found in the Q2 region, CD8" T cells are found in the Q2-1 region.

x4 BIRNENRBKEMEEESREEFP IFNy 22

Table 4 Concentration of IFN-y in supernatant of cultured spleen lymphocyte of mice

Concentration of IFN-y (ng/L)

Groups
No.1 No.2 No.3 No.4 No.5 X s

IFV 666.50 633.16 534.83 604.83 654.83 618.83+£52.50
IFV/ 1xTI 859.83 931.50 856.50 974.83 918.16 908.16+50.23
IFV/ 2xTI 986.50 951.50 1106.50 1231.50 1088.16 1072.83+110.36
OA-VP1 588.16 644.83 563.16 599.83 613.16 601.83+30.26
OA-VP1/ 1xTI 724.83 731.50 761.50 719.83 644.83 716.50+43.21
OA-VP1/ 2xTI 893.16 861.50 756.50 881.50 928.16 864.16+64.87
Control 18.16 8.16 11.50 26.50 1.50 13.16+9.57
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