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iR R4 PIC-IL-2 A EEGHBAMN MR R EX BRI

RER, FHE', BAA", WA, HRL', LHRE"
(FER¥: ' BEMAENESRELETE; "RRS—ED, Wi 458 421001)

(=] B BRSEMRTIRM(Mp) PLC-IL2 RARE S 2 ARS8/ BUS B R RS A PGSR IIER, T#R IL2
X PIC BROBEE M SR eI . J5ik  WPERAY P1C-IL-2 BXRRRE H MIF 523 BALB/c B, ELISA 4485/ B 1:C 7§
BE, TG W32 T E ML TsA R IFN-y, IL-4 {7k Bear/hR Mp My, SR Mp ik S/ BUR AL 4158 5 110
FISCE MM Mp BIVEAOAE /. @R PIC-IL-2 UEERE# 41/ Bl 5.4 TgG. 1C1., IgC2a AR LB IR
YL IFN-y i IL-4 KP4 82 PIC S 4/N R BEHM R (P <0.05), HFAX X EMRMMER A ZREBEH (P>
0.05) o Ff§ Mp SBR BRI, 55 1.3, 6 X PLC-IL-2 SAEMA R 41/ BT A QA ERETA B E R T PIC AREDE
SRR, PRE/NRCSE MY A Mp S SERTBEIE(P>0.05), &g IL2 MREEINIE PIC B LR
K, BEBRREYHEETRBNMHARE,

[XRA] M RE; PLEE; ZEEHE; L2

[hE438] R392-33, R392. 12, R518.9 [mizE®m] A

Protective immune responses induced by intranasal immunization with Mycoplasma
pneumoniae P1C-IL-2 fusion DNA vaccine in mice

ZHU Cuimingl , YU Mirljunl , GAO Shunli*, ZENG Yanhua' , YOU Xia,oxing1 , WU Yimou*
! Department of Microbiology and Immunology; *First Affiliated Hospital, University of South China, Hengyang 421001, China

[ Abstract ] Objective To investigate the Immune responses and immune protections of a DNA vaccine constructed by
fusing Mycoplasma pneumoniae ( M. pneumoniae) p1 gene car boxy terminal region (plc gene) with interleukin-2 (IL-2)
gene. Methods BALB/c mice were Immunized by Intranasal Inoculation of P1C-IL-2 fusion DNA vaccine. Levels of serum
IgG, IgG isotypes, BAL fiuids IgA, IFN-y and IL-4 were detected by ELISA. We established the mouse models infected with
M. pneumoniae, and then observed the histopathological changes in lungs and counted colonies in bronchoalveolar lavage
fluid (BALF) after challenged Intranasally with M. pneumoniae. Results Serum total IgG, 1gG1 and IgG2a isotypes, levels
of IFN-y and IL-4 in BALF increased signlﬂcanﬂy in the group Inoculated with P1C-IL-2 fusion DNA vaccine as compared with
the one with P1C DNA vaccine ( P <0.05), while there was no significant difference in BALF IgA between the two groups
(P>0.05). The lung tissue inflammation was aggravated and the histopathologic score (HPS) of P1C-IL-2 DNA vaccine
immunized mice significantly increased as compared with those In P1C DNA vaccine immunized mice at 1, 3, 6 d after
challenged Intranasally with M. pneumoniae ( P<0.05). The P1C-IL-2 fuslon DNA vaccine did not show significant difference
from P1C DNA vaccine In the detectable number of M. pneumoniae strain In BALF(P>0.05). Conclusion IL-2 can enhance
the systemic Immune responses of P1LC DNA vaccine, but it also can develop a severe histopathological change In early days
after infection of M. pneumoniae.

[Key words] Mycoplasma pneumoniae; p1 gene; DNA vaccine; Interleukin-2

B 5% X SR ( Mycoplasma pneumonice, Mp) B BE2S i 2 AT Mp B4, THRZ5BIBRBO R UG 14
REESA AR BRI, 420% ~30% Wik BAKREITERER", HHEEELRPE
KPR 4R B T Mp BB PTE™ . BAKIFN  FIR Mp el RFB RS Mp BRLAyLE, MR
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HAASRAVEMFARWRMTEE, THSH
WEERBRNERENE, REMEETRORL.
PILERE Mp BREENFHAF, BBENGRR
RISEBERRE, BT7=EE R o Bi Ak BB BELIE Mp B5BH T
WPCERE B4R, i pl 2R R IR
BRESTF" . Epl BEFEH 21 H“TCA” 5
BT, TEERALDVART ERRLENES, R
TIGEAT pl ZERIIRILE 3 372 ~4 185 RrEEH
HR(ple ZR) WREMEE, RAREEI/DR™
E—ERRBENEKFARRERPERS ", Ik
—HHRE PI1C B K EREHR, AFFTH plc H
MBS R 2 (interleukin-2, IL-2) REBAHERTE
F-EE&ARRER[EEL, EXRARBEE
BALB/c /MR, WS IL-2 Xt P1C BXRRSE B S e R
KR,

1 HEfAE

1.1 #¥ Mp MI129 Bk(ATCC 29342) , pcDNA3. 1(+) (BB
2 peD) . peDNA3. 1 (+)/IL2 (4 E 3% pll-2). pcDNA3. 1
(+)/PIC(4BE N pP1C) BT K 9% R & W TR TR TR
Lipofactamine™ 2000 3% Invitrogen /A 7= ; /B, IFN-y F1 IL-
4 ERBRWE AW EH R&D Systems; /)FHt Mp Hibk (& P1
BEERAMGA) W B Abcam /AR ; HRP FRIE M ILEH/N R,
IgG(H +L) My B Santa Cruz /A/]; SP4 MibkAIE 32N
Oxoid AR ; ZHBRFRAEMBENER Qiagen 2
"7 #h; BALB/c RETRIUASLI s O3t Btk
R LR,

1.2 ¥k

1.2.1 Mp#§sddk MRIBCRR[10]4 Mp M129 BiBHFZE SR
20 mL SP4 SR EAARIR, 3TCHSES ~7 d, WREHIEH
AARIT, FF LW, A2 mL $iEEH SP4 53R, FRAHFEIK
IRPSAVRHRAY Mp, BrECEkAY Mp HeBEL 10° ~10° CFU/mL,
1.2.2 BMEHHMHAE HHE peDNA3. 1(+)/P1CIL2
(485 pP1C-IL-2) A AR, 7 ple 2 EFH BT Wef IL2
ZEE LW 2R HEA 1 4 linker %): GATCCCCGGGTAC-
CGAGC( 415 6 MM Asp-Pro-Arg-Val-Pro-Ser) , 7 Ff{R
FFHY pPIC AR, F ple-F (L ¥ 5|4 5'-GGGGATCCAT-
GACGGACTTTGTCAAACC-3', T R & ¥ 4 0 B 0 £ &)
# ple-linker-R( 5|4 5'-GATCCCCGGGTACCGAGCC-
CCATCTAACAGTTCAGC-3', MSHAF 4 W linker FEF) ) 314
ple-linker 2 ; PIRTFH pIL-2 Bl W BUAR, Al linker-IL-2-F
(E ¥ 5 # 5'-GCTCGGTACCCGGGGATCTACAGGATG-
CAACTCC-3', ¥PHAIRA % linker %)) #1 IL-2-R( F #3514
5'-GGAATTCCTAGTTTTCCATACTGAT-3', FRIZ ¥4 w8 ]
BLR) 34 linker-IL-2 2 ; #RJG LA ple-linker 3 AN linker-IL-
2 ZRMBUR, ple-F M IL2-R H5|409" ¥ ple-IL-2 E, &
LR ple-IL-2 BEF peD FL A BamH 1 #1 EcoR 1 SUR§LY,
WAL BB RS P-4 F T4 SR, %L B coli XL-1

IS 4 F SR 22 2R 7 ( Chin J Cell Mol Immunol)2013, 29(6)

Blue BZSHHUZ R TF 50 pg/mL ZFRTHE LB F4g,
37TC BT, E PCR, B, WP LEEETERE, 2K
JRLDNA, FIXEH PBSHBE 1 pg/ L&,

1.2.3 BBEGHWN AL ¥ pPICIL2 B4 Kk H
Lipofactamine™ 2000 BT 3% % HeLa 41, 48 h J§ LIFH &
PBS YE¥4AM; A 200 uL Western blot ZAfIZAR M, 10 000
/minf{.Lr 5 min; B B, A EREBEMHEK, E¥ S min JF
BB B W HETT SDS-PAGE; ¥ PAGE BE F W EHZ 12 V,
30 min¥%E NC B b, PUMBHE Mp 7—3, HRP $Ri2RILE
Bt/ IgG A i, Western blot 345 P1C-IL-2 B ZE Hela
QPR . RIBRABENEN A FRE(M,) #T05
5, PIC BEM M, %1% 40 000, IL2 B M, %13 26 000,
PIC-IL-2 Rk A EIHY M, 4% 66 000,

1.2.4 RAEBH 125 R4 ~6 & BALB/c BE#:/ BB
P4k 5 4, B pP1C-IL-2, pPI1C, pIL-2, peD FI PBS 41, 4§
HEPE25 RANB; MRBAZBRSEFRBESTEES, &
B RPRAE TR FIRTLAITA 50 ug R DNA, F
250, 14 7128 d #4573 WHEE.

125 RERZE PREKEEE 28 d, ZREFRRE/NE
J&, FAIFEARTRER 50 uL &4 2 x 10" CFU f# Mp B Z 185
APRBREEHFASELSE, RWMEH25/0EE N
Mp BRAER . TER XA SR SP4 SE3E 2 MEF
1.2.6 #HAMKE DRKRKEKER 28 d 7 Mp BiEES
1,3,6.9, 12 X, EERARBMALTE/ MR, Wik i WA 25,
€ B RO W% ( bronchoalveolar lavage fluid, BALF) , ¥R Uk7F
F-80°C &M, MALA 100 mL/L FREEE, A, 4
R ERBFARFPL(HE) s, #4THBHRIITS

1.2.7 ELISA#r®#4¥4% 4 PIC BM&RXWRI6],
1 pg SI4LAY P1C F 4C A BBIREAHR, KRB H&O.5
ml/L Tween 20 f) PBS YE3&BEH71AR 3 3K, DIRERBHKE
H, /5 3 /L #Y BSA SRS 2 ho &2/ Bl i 1:50
R, BALF 1:4 HF/5 I ABRAR, 37CHBH 1 b, PBST ¥
¥AW; A 1:1 000 R RA) HRP 4732 4 L £55 /) BL 1sG.
IgG1, IgG2a, IgA W 30 min, Pk 4 KIE W& KR FMA
BEH TMB 5 H,0, 4 50 pL, 37°CREBH 10 min FHH
INA 50 pL 2 mol/L BRBRAK 1 R A BEARILERE 450 (A ) 1,
B £ 4 9 5 5 B W /) BUIL W AN BALF 6 IFN-y, IL-4
HIKE, PR B TR AR SR W R % 4 pg/mL,
1.2.8 Mp @#t& ¥ 25 pL RAAFLM A BALF B:ff
% SP4 [E{AHEIRE, 37C 50 mL/L CO, SBEHT, BiJ%s ~
7d, EAFSETH ¥ Mp B¥ 3K, LU g CFU/mL SRR, BAE
B HEBCY 40 CFU/mL, ,

1.2.9 MERAERS Mp BRUNRE, ANELEAR
FRELPE B SOR A A SR B P4 R R IEH BALB/c
BUELRIE™ | IEHRRIE PRI H—10 ~26 HFE
HIVEAM AR -

1.2.10 skt %¥947 3IEFH SPSS16.0 3k, SLRPIEL 7+ s
FR, WZ A HBR FAE K ANOVA 4647, P<0.05 %

- BREHETER L.



6581 REF, % WAk URHE PIC-IL2 BAREER

2 &R

2.1 REEARNETLER pPICIL2 B4 FRE
Fi BamH 1 | EcoR 1 SXE§ V] J5 FH B g W 08 I ol 3k 20
B, A5 400 bp Al 1 300 bp 492 N4, HK/NS
£RAEALRY pCD A ple-IL-2 ZH F BAAAF. LA pPl1C-
IL-2 JyiAR, 247 PCR I3, H i {- Bt 55 plC-
linker BB AN linker-IL-2 Ze A AR U MO L R - B
I, ZARESHEEHE(EL),

bp
10 000
6000

bp

5400

2500

1500 1300

1000

700
500
300

1: DNA marker; 2: BamH I # EcoR 1 2} pcD X E§+085 £ ; 3: BamH I
#o EcoR 1 34 ¥ 48 ) 4 pP1C-IL-2 S B-duss R ; 4. A ¥4 K4 pP1C-IL-
2 AT 6 plo-IL2 BB & ; 5: W ple-linker Fo linker-IL-2 % 8
HAAEY W ple R A& F.

B 1 K§LIF PCR %5 pP1C-IL2

2.2 RARANRE RBEARNEY HeLa 41,
Western blot AW 455278, pP1C-IL-2 B4 Fb Ak
7£ Hela ﬂﬂﬂ‘?‘iﬁ% Y2k 66 000 WEH(E2),

| 2 3 4

MNe

75

60
40

1: 3T pPIC-IL-2 # Hela s 3L ; 2: B3 T pP1C #) Hela
tﬂ“?&; 3 EasySee Western marker; 4; Hela ”!i”)‘k.
2 PIC-IL-2 BHZER LA R PFIKR) Western blot 345

2.3 PICHREREMAEIES PIC-IL-2 ZEREE
53 AR 28 d B oA i 75 A IgC R Wk
IgG1, IgG2a ¥ IMA BE M . M A B KRN
HABK PIC fF RS (B 3) . FEF4H BLAF
HR I8 IgA ( secretory IgA, sIgA ) Ky W45 SR L& 3,
B47 PIC-IL-2 SR FBE A /MRS PIC AEE Y
TR /N BRI slgA 3 BE R T PBS, peD # plL-2
H(P<0.05), ENEAMAREHA/DRESHRERE

587

T 156
0.6 === IgGl
1gG2a

*P <0.05 us pP1C; ®P <0.01 us PBS, pCD, pIL-2.
3 ¥ IgC BRI AAZ MBI IsA W (n=5)

2.4 IFN-y #1IL-4 K PIC-IL2 BB 4 /0
B BT FN-y I IL-4 K394 P1C B
BB SR 4/ BB 2 W (P <0.01 3¢ P <0.05,
E4).

o} _;_ E?LSZ

pPIC
| &= pPICIL-2

*P <0.05, *P <0.01 vs pPI1C.

B4 HHRFHEDRIKEMBER P FN-y f1 IL-4 kP
(n=5)

2.5 MAKARBREMITS Mp IHES 1. 3.
6.9 K, PIC S ¥ 41 A1 P1C-IL2 BB i 41/ R
Jit 16 R A6 A2 B B, WA IR RIR, B 1E] PRz
BEWME, AELHREHER. XARBHE, AX5%
EBHERI MR, BRI AN SRS
(B 5) . B4 4 AE K 4 155 3 F 4 ( histopathologic
score, HPS) B B F %t /R4, HE 1. 3, 6 X P1C-
IL-2 R d /N R HPS (B ¥R T P1C R
BEHA/R, 59 RIFHFLN HPS ZREBEH
Fi SP4 35 3% 20 IR ek /N B HPS 0 ~1 4
(E6). e )

2.6 MpH#HE&%REEANE Mp BT i Mp
SR REBREIDR, 1. 3. 6,9, 12 dJ5, Hisk
BALF 5y Mp, HE WS . 2R EBR, PICIL2
AR E 4R Mp B PIC MR 40/, (B

HERTBEEGEL.
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Without challenges

Smsmm PBS
e pCD
— piL-2
enoew pPIC
pPIC-IL-2

P <0.01 vs PBS, pCD, pIL-2.
B 6 Mp B &ANELREITS

#1 Mp YihE& RS/ REE TR

(xts, n=4)

log( M. ias CFU/mL)
UHliE — 5 pcD plL2 pPIC pPIC-IL2

1 6.01£0.65 5.97£0.51 5.67x0.75 4.97+0.53 4.50+0.81
3 5.91+0.66 5.97+0.54 5.590.71 3.94+0.61* 3,39 +0,73*
6 4.81 +0.80 4,80+0.61 4,700.58 3.01+0.77a 2.16+0.84%
9 3.83£0.72 3,72£0.69 3.69x0.70 2.21+0.56° 1.67 +0.68%
12 3.330.53 3,.06+0.92 3.05+0.66 1.70+0.57* <1.50%

*P <0.05 us *t 48 (pIL2, peD 3, PBS).

3 g :

Mp B—FhHRSNF AW, HAZEEREAR A
BEo SMBEY IgA (secretory IgA, slgA) FTRE Ik Mp X ¢
BERR b R AR, 7 Mp BRI RIEE
Fi; 1gG SFHUERRT A Mp, SELER mpT Y 8, 7
Ui Mp BRI EESN . HATREREH
BF9EaR Y] Mp i i RASE EWA LGN, ZEHHPIY
B, FIRREEBR Y, MR, R Th
BUAHISEBEXS W BRIF R RGL ) Mp ZXREE, BH
H9 Mp LR, [O7 Y [RENT 3 3 A0 5 A VB 40 B S B B
BKF, RERRHEBERER,

L2 REWMHRABESHAREFENZ
— U576l T{RE T, B AMIIHAE. SMb, R
SeBEM A M RBE R B KT APFRAEZAHRELY
PIC X RRAEET Bl b, iH Y linker Y35 L2 BF
BEEER—-REL, WRT PIC-IL-2 MARXEEY .,
AT ST IL-2 %t PIC BER M S pe s BR e/, ik

WT PIC-IL-2 AR E R R/ NRUF IMENE

MRS 5rF G2 2575 ( Chin ] Cell Mol Immunol)2013, 29(6)

SEMEERR PHARERABRETFKE, R
XU R RE i 4/ BUML % & 1eG. 1gGl ERMZT K E
Fiir I RE e VR P IL-4 7K 3% P1C 2e e 41/ BB 23
W, HAAXSEWMMERR A XRTB XM,
XRY L2 BB EWERERBARKFE, B
RARBERES IgA B4, IFN-y £—3& Thl By
HRETF, WRH Mp BRBEEN—MAKRETF,
I R IFN-y RS T -S:3k Mp BOBCRIN R . i
HEREME"" ; 1g62a 7 Thl HHHHED B HIMTE
- SHERR 4B PR T3S, TIFN-y A1 1gG2a
BIK PRI E—E R B L R R A S B R & K, S
BRI P1C-IL-2 FUE R 4/ R S S e m b
IFN-y FHLYE P [gG2a B7KF- BEHR, 09 IL2 B
3458 P1C W RO 4T B S0

AT % L2 BB IR PIC Wl B S R4
Fi, SKHOF Mp BREEHEM/INR, ERRE 1 -6
XK, PIC-IL-2 YUH: B Bl A 958 1 S 5 41 /N I (8] /R 46
SEBEIE, XA AR H T PIC-IL2 WEFNBAE
MR T 18R A B B A T 5 ) 5 8 4 U B 4 26 e
B, AR SR R AT B IL-4 R
REFEY, BY9 dJF, WHARERMNBREZ,
XA RBSEE R AR PERE X, RRFBRNL
RRI, PIC-IL-2 A E B W S H /DR X S B
YEWH Mp BYEHAX P1C S W sa e 1/, 9 IL-
2 REHIR P1C SEH USRI ER

BZ, SEHR IL-2 BiA] B3R PIC BB
B R RBERI A K MR RPER, BT ERLR
PG EBERNITASRIERER M. 750G R
P, KR B RO B R ER B AR R B B 5
WS — L R B A Rtk
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