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Bifidobacterium as an oral delivery carrier of interleukin-12 for the treat-
ment of coxsackievirus B3-induced myocarditis in the BALB/c mice

CHEN Zhong, LIU Bao-lan, LAI Chun-zxia, YANG Jin, FAN Xiaoning, YU Zhi-jian,
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[Abstract] Objective To develop a novel oral delivery system for interleukin-12 (I[.-12) using genetically engi-
neered Bi fidobacterium longum (B. longum) as the carrier and further evaluate the efficacy of 1L.-12-expressed B.
longum on the coxsackievirus B3 (CVB3)-induced myocarditis in mice. Methods A mlIl-12 gene expression vector
pBBADs-1L-12 for B. longum was constructed and transformed into Bi fidobacterium, the expression of mIL-12 in
the engineered B. longum was identified in vitro by Western Blot and enzyme-linked immunosorbent assay (ELISA)
after L-arabinose induction. BLAB/c mice were inoculated i. p. with infectious dose of CVB3 for fourteen days and

were divided randomly into three groups. The IL.-12 group and green fluorescent protein group (GFP group) were
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orally administered with pBBADs-11.-12 and pBBADs-GFP transformed B. longum for fourteen days respectively af-
ter the inoculation of the virus; saline group was administered i. p. with sterile PBS, All animals were killed in day
14 of treatment, and the murine hearts were dissected aseptically for hematoxylin-eosin (HE) staining, viral titer
and RNA extraction for Thl cell cytokines quantification. Results  After 14 days of treatment, HE staining revealed
that the severity of virus-induced myocarditis in I1.-12 group was reduced compared with that of GFP group and sa-
line group; the percentage of cardiac pathological lesions and CVB3 titers in IL-12 group was (18 £ 5)% and
(2.89 0. 10)pfu/g respectively, which was significantly lower than that of GFP group ([31+6]%, [4.83£0. 14]
pfu/g) and saline group ([32£9]%, [4.80£0. 15]pfu/g), respectively (all P<C0. 01); levels of interferon-y(IFN-
Y) and tumor necrosis factor-«(TNF-q) in cardiac tissue and supernatants of I1.-12 group was(2. 27 £0. 15) pg/mL
and (3. 05%0. 17)pg/mL, respectively, which was significantly higher than that of GFP group ([ 1.32 0. 11 ]pg/
mL,[2.37%0.16]pg/mL) and saline group ([1.38 0. 11]pg/mL, [2.37 0. 12]pg/mL), respectively (all P<C
0. 01). Conclusion A novel oral delivery system of Bi fidobacterium for murine IL-12 has been successfully estab-

lished. Oral administration of mIL-12-transformed B. longum may play a therapeutic role in the treatment of CVB3-

induced myocarditis in the mice.

[Key words] Bi fidobacterium; interleukin-12; coxsackievirus B3; myocarditis; enterovirus
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Figure 1 Recombinant IL-12 expression analysis
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A band of I1.-12 was shown in culture supernatant and cell pel-
let of B. longum transformed with pBBADs-1L-12 plasmid after
0.2% L-arabinose induction. Lane 1—3: culture supernatant after
6 h, 12 h and 18 h induction, respectively; Lane 4—5: cell pellet af-
ter 6 h and 12 h induction, respectively; Lane 6: culture supernatant
of IL-12-transformed B. longum before induction.
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Figure 2 Western Blot analysis of mIl-12 expression in vitro
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Figure 3 The severity of virus-induced myocarditis in each group (HE staining)
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Figure 4 The percentage of cardiac pathological lesions and CVB3 titers in each group

2.27:0.15

2.5 — Y
—p—

2.04

*

ok
1.54 1.32r1.38¢0.11

1.04

0.54

Relative level of IFN—y mRNA (pg/mL.)

IL-12 GFP Saline

805.30+81.51

ek

340.90+15.59 340.30+22.31

IFN—y level (pg/mL)
(9,1
=)
S

IL-12 GFP

]
Saline

3.05+0.17
3.5- . B

3.04

2.54
2.04
1.54
1.0+
0.54

ok
S

16 2.37+0.12

Relative level of TNF-a mRNA (pg/mL)

0.0 2 Y
.12 GFP Saline
4007 - 1 D
5
2 300 334.80+20.32 .
B REMEE  224.00x1524 _ 1227.00+17.30
E 200 A B .
7
=
= 100{ (e
04

T
Saline

IL-12 GFP

% 11-12 group vs GFP group and saline group, respectively, P<0. 01; * % :GFP group vs saline group, P=>0. 05
5 AH/NE IFN-y Fl TNF-o f3R5%

Figure 5

3 itig

DAFERFSE C Uk 52 38 3o Dk I8 s sl Rz T 1
mlLA12 X ERBEANLEHRITIER . AR EEA
SUEFF B R 3R ik TL-12 B9 879 11 IR4S 265 07 1
PR TLA12 B A OB A B 1 /N B L A 3
V0 A ke R X A B TL-12, [R) B, FRATTIE 5K
BALB/c /N IR TL-12 BAL AU FF B S (12 h)
L35 B T8 PN 254 i TLA12 9 B B S T e s B2
L RS DAFE I 8 N 2R GR Sl 112, BEHA SR 4

Levels of IFN-y and TNF-q in cardiac tissues and supernatants of each group

14 TL-12 B AL SUBCAT B R 7 i A A TL-12 6
FIK B o3 U A A AT AR R TL12 R &
R0 TRIRIRIT .

CVB3 J&/Is RNA iRk b i B i 5 » J& Sk
TR OHLR FE AR Z — . D ULR ORI R
B LG BIRFEIR Y B AR Yo BE R A 5 28 140 UL
LRI SIS . CD4 + Thi
2R M RIS AR A S e R P R T
AR L el 23 TFN-y A TNF-a A 3805 R AR
R0 903 74 5 S 00 i B 1k T 4 A 5% By 7 R 4 i IR 1



A e i 2435 2013 4F 9 HEE 12 %5 5] Chin ] Infect Control Vol 12 No 5 Sep 2013

+ 335 -

(IFN-y F1 TNF-o) 7K - 19 335 5 40 Wb PEAL 11 Al
pBBADs-TL-12 %% A BUEC AT B %O LAY B 282 il B A
FHLTLA12 5@t i TEN-y Fi1 TNF-o (1) 53066 ) P
[l il R P VE A . W9 i 3E . CVB3 o 8
O ILAE Y TL-12 8 TLA12 52 45k 58 T 3590 19 &
JE RR R . ARFSE TL-12 /MR AR TL-12
AL DU B O JIE A 75 H2L 8 RE K A8 SR B IX 3 i
VR O R T B KT B SR A 3 St E 2R 5
A SUBCFT B AT e &8 4338 i 30 CVB3 B 7 g e
B B (14095 B A2 o ele 36 0 LR AE . TR, TL-12 #%
RO AT R BE 98 Th 41 i AH ¢ 40 i R 7 B TEN-
Y Fl TNF-q, [F] Bf o 3 1 R5L A ok B2 440 ffd o TFN-y
H1T TNF-a 194330 » 1 B 1 B 20 0UEE T B 1 590 B8 7241
il FE L AR CD4 + Thi gAY EA.

FEPR A BUBAT T AR Ay S A PR A% 3 28044
SR F R AT BUBFF R A
FABFRA R Z 25 b AL FE T Bl R e | Gy 1 VR A
XL WU K B 7 8 I 0 P o] B AR i S
A AE AR, AL AT E T mIlL-12 §%
ARUBAT T & HA W7 TH A2, B 18 9 A5
MERE T A B IR VE RS2 ARWFgE L IL-12 #%
A XUBCFF B XTE YT /N B CVB3 i # 0 ILR 19738
1 ENUESE AR FF HE— 25 SEIPE Al TL-12 A0 0l
FFAEE A FTESINT %5 28 T B IR sk & v AR
S AT N AT B RO LR B s f AT

ZE LR FRA AT A KR A T — SUBCFF I
TEMRERAAR SR FHIX R 78 TLA12 S84k SUBS AT 5 1 IR 25
255 200 mlILA12 FE/NEUA N SN RIEHAT T 508
UESE T FARZA 2 TLA12 AR BUB AT T CVB3 755370\
SO LR BT R (BTt 58 258 R AT LR T
(25 25 )5 2NAE AR R R PRI T (L

(& % x #]

[1] Rodriguez-Madoz J R, Liu K H, Quetglas J 1, et al. Semliki
forest virus expressing interleukin-12 induces antiviral and an-
titumoral responses in woodchucks with chronic viral hepatitis
and hepatocellular carcinomal ] . ] Virol,2009, 83(23) ;12266
= 12278.

[2] Ruan S, McKinley L, Zheng M, et al. Interleukin-12 and host
defense against murine Pneumocystis pneumonia [ ] ]. Infect
Immun, 2008,76(5) ;2130 — 2137.

[3] Hama Y, Kurokawa M, Imakita M, et al. Interleukin-12 is a
primary cytokine responding to influenza virus infection in the
respiratory tract of mice[ J]. Acta Virol, 2009, 53 (4); 233 —
240,

[4] Wang Y, Chaudhri G, Jackson R J,et al. 11-12p40 and I11.-18
play pivotal roles in orchestrating the cell-mediated immune re-
sponse to a poxvirus infection[ J ]. ] Immunol, 2009, 183(5):
3324 —3331.

[5] Berraondo P, Prieto J, Gonzalez-Aseguinolaza G. Advances in
interleukin-12 gene therapy for acquired liver diseases[]].
Curr Gene Ther, 2009, 9(2):62—-71.

[6] Kapil P, Atkinson R, Ramakrishna C, ez al. Interleukin-12
(IL-12), but not IL.-23, deficiency ameliorates viral encephali-
tis without affecting viral control[ J]. J Virol, 2009, 83(12):
5978 — 5986.

[7] Rigopoulou E I, Suri D, Chokshi S,et al. Lamivudine plus in-
terleukin-12 combination therapy in chronic hepatitis B: antivi-
ral and immunological activity[ ] ]. Hepatology, 2005, 42(5);
1028 = 1036.

[8] Seet B T.Johnston J B,Brunetti C R, ez al. Poxviruses and im-
mune evasion[ J ]. Annu Rev Immunol,2003,21:377 — 423.

[9] Stanford M M, Barrett ] W, Gilbert P A, et al. Myxoma virus
expressing human interleukin-12 does not induce myxomatosis
in European rabbits[ J]. ] Virol,2007,81(22) ;12704 — 12708.

[10] Nolt D, Flynn J L. Interleukin-12 therapy reduces the number
of immune cells and pathology in lungs of mice infected with
Mycobacterium tuberculosis[]]. Infect Immun, 2004, 72(5):
2976 — 2988.

[11] Fairweather D, Yusung S, Frisancho S,et al. 11.-12 receptor
beta 1 and Toll-like receptor 4 increase 11.-1 beta- and IL-18-
associated myocarditis and coxsackievirus replication[ ] ]. J Im-
munol, 2003, 170(9) :4731 — 4737.

[12] Potvin D M, Metzger D W, Lee W T,et al. Exogenous inter-
leukin-12 protects against lethal infection with coxsackievirus
B4[J]. ] Virol, 2003,77(15) :8272 — 8279.

[13] Elias-Lopez A L, Marquina B, Gutiérrez-Ortega A, et al.
Transgenic tomato expressing interleukin-12 has a therapeutic
effect in a murine model of progressive pulmonary tuberculosis
[JJ. Clin Exp Immunol, 2008,154(1) ;123 - 133.

[14] Salvatore C M, Fonseca-Aten M, Katz-Gaynor K, ez al. In-
tranasal interleukin-12 therapy inhibits Mycoplasma pnewmon-
iae clearance and sustains airway obstruction in murine pneu-
monia[ J]. Infect Immun,2008,76(2) 732~ 738.

[15] Li X, FuGF, Fan Y R, et al. Bifidobacterium adolescentis as a
delivery system of endostatin for cancer gene therapy: selective
inhibitor of angiogenesis and hypoxic tumor growth[J]. Cancer
Gene Ther, 2003, 10(2):105—111.

[16] Reyes Escogido M L, De leon Rodriguez A,Barba de la Rosa A
P. A novel binary expression vector for production of human
1L-10 in Escherichia coli and Bi fidobacterium longum [ ] ].
Biotechnol Lett, 2007, 29(8) ;1249 — 1253.

[17] Moon G S, Pyun Y R, Park M S, et al. Secretion of recombi-
nant pediocin PA-1by Bi fidobacterium longum , using the sig-
nal sequence for bifidobacterial q-amylase[ J]. Appl Environ
Microbiol, 2005, 71(9) :5630 — 5632,

(F#5% 359 7))



A e i 2435 2013 4F 9 HEE 12 %5 5] Chin ] Infect Control Vol 12 No 5 Sep 2013

+ 359 -

3 itig

PDCA E¥ PR 8 317, 2 H 3¢ [ ot 4 45 3
LKA B 1) — FP Rl 2 LA R R[] R ik
A 5 T R A L s s 3 AN
SRR R N — S P I KR . N —
B PRAG IR AT | — 20 BRAIE R A LRIE . LLR T ER
J5 ARWIEER , — B Be 2 s B A B G 20 1B £, IR ER
AHIE  B2UIE T ) T R AR ek 1 K S X A B
AR TR 2 DUH B F 8. 78 2011 4 =i
P2 g D1 B A o St 40 ), 51 AT PDCA i 346 45
P, BRI T S 2 S B i
i 645 0 1 97 o i N 28 445 PR SE PR et
TEVERSERERI I R 2 A O AL 25 &
RAIERGY 5 R BRI 4y s A7 B R 5B S
i FHBT IR 2459 » AN 20— i 3l A5 P A 92 XU 9
Tro FPXTEE ML, AN AR T 2010
FARAME ALY 0 a4 70, R AP 259 %
P B M AN TLAE TR IR B et s 1) BB E O
PUE I fEEE . e — B A s B, 1
YT FARAE P E P I R IGIA 5 B %,
RIS T I RIS AE B 45 0 o AL Al A7) S 199 5 AR
W HLBL A

ABEN; H PDCA ¥4 3 1 289) 1 F AR B
B 250 TRV IS » T 2890 OV F AR B 25 % 5 4
TR B AR 2011 AECC4x = BT 25 Wi PR
LIRS 5% 1 280 0 F AR BB 25K

I 300 R . AMRHEE AR & LR BT B 2590 11
PSR . [ Y] PRI A 25 5 1k | By
P FH 2515 (8] ML 25 32 25 WLV . AN B 25 R4 15 5]
Pl o A TR 245 B[R] B8RRI - (BATS A 4R T 1Y
2] AR N — MG FRAE B R E R AR 2y
FrRERPEm] b TG PR 55 N R R B E R BN
PABS D F ARG 2 5 B -5 1 PR 1= A= R D) 11 Jg%
JEHNBTARUE R 2548 IR S5 AR Rl L LA/ H
FERSTREAIAN R

£i b i PDCA 53048 B 72 BLVE DT
2515 BN T P O 235 I R B (A A

(& £ X k]

[1] Frederrick S,Southwick. YL I R J 399 Bre [ M. 581
A PR R R Bt AR A | L 2011 0 1.

(2] BU/NGE, 5K FE T AR I 25 4 1 BUIR 2 %8 B 5K 23 A
[J1. PR H725,2012,10(3) :33 = 36.

(3] ZEE. P34, e, 12000 F AR ST 259 i
AT . A E e R 4 . 2009, 8(2) 1 122 — 123,

(4] BV, Blmar, B me, 5. MR X %L F B Be SRR T
FARWG PN LR 25898 & 4rHr L) . b EE R 250 5
ZHT.2011,11(7) :586 = 590.

(5] w2 d Rl 2 AR R i g 22 D 2. L7 R M0
B BT 25 W 48w LD 1. AR S RL 28, 2006, 44(23) .
1594 — 1596.

(6] J5Z:. PDCA 7 B& B il R 245 248 B ep iy BT LT . v [ 2 55
2009.20(7):519 = 521,

(7] b NR IR E TR =254 B BEPF 67 br o S5 it 40 W)
(2011 4EfD [S]. db5T,2011.

(L85 335 7))

[18] Long R T, ZengW S, Chen L Y.et al. Bifidobacterium as an
oral delivery carrier of oxyntomodulin for obesity therapy: in-
hibitory effects on food intake and body weight in overweight
mice[ J]. Int J Obes (Lond), 2010, 34(4):712-719,427.

[197] Yao J,Wang J Y, Lai M G,et al. Treatment of mice with dex-
tran sulfate sodium-induced colitis with human interleukin-10
secreted by transformed Bifidobacterium longum [J]. Mol
Pharm, 2011, 8(2):488 —497.

[20] Wang Y F, Wang X Y. Ren Z,et al. Phyllaemblicin B inhibits

coxsackie virus B3 induced apoptosis and myocarditis[ ] ]. Anti-

viral Res, 2009, 84(2).150 — 158.

[21] Yuan J, Yu M, Lin Q W,et al. Th17 cells contribute to viral
replication in coxsackievirus B3-induced acute viral myocarditis
[J]. J Immunol, 2010, 185(7) :4004 — 4010.

[22] Dennert R, Crijns H J, Heymans S. Acute viral myocarditis
[J]. Eur Heart J,2008,29(17) ;2073 — 2082.

[237] Deng Q, Zeng W, Yu Z. Signal peptide of Arabinosidase en-
hances secretion of interferon-alpha2b protein by Bi fidobacte-

ria longum|[]]. Arch Microbiol,2009,191(9) :681 — 686.



