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CpG-DNA 3t 4 % f B BTIK BT 75 S M FLARA A RO RIFFR 5%
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CRIRUARMY R 2 A Fs B A BIAE AL TR )T IS0 %, AT 210095)

WE. [EW) B x4 %685k (Staphylococcus aureus) By K R ILRE KRR, £ UZ CpG-DNA x¢
AR RAPER. [7EY18 RMER 4 341 (n=6) , )& 72h 455 i= 8 B8 25 %% » 7 (phosphate buffer solution,
PBS) (C41). 2x 10°CFUmI™ (L 41) A2 2 x 10°CFUm1™ ( 4) &M @ 2| % WA LM A, 24 h 50, L AR L
B, HARBEWHIFTE, FARKE%E TR (polymorphonuclear neutrophils, PMN) ZiH; H AR
ML TNF-a . IL-6 AT BE EA. #6452 x 10"CFUnl A3 LA EAE CpG-DNA X FLIRBGtRAPER: 72 AR 2
A B A B 4 (n=36) , *tEEALJE 0 h ALk PBS; KIGZLALIE CpG-DNA, 72 h FEEAH W 2% WAILKRA.
AEFEER (EXCH 0 h), EIESE 8. 16. 24, 48 Fu 72 h (n=6) 43%. (4R BLAH XK 4L EB AN
PMN &5t B8 432 0 i, RIS I RA L G40/~ %6 (interleukine—6, IL-6) & 16. 24 F0 48 h B &% Tt
B4, CpG-DNA fE B E4 5 0. 24 fn 72 h I RA L HEIFIE F-o (tumor necrosis factor—o, TNF-a ) 7K
TR IE A 8.16 1 72 h W FLIRAL B4 W AR T X P41, CpG-DNA fk B 35 4% B AU R 4L 48 o 24 2 M % AR TLR-9
(toll-like receptor—9) mRNA &iAKTF. [£# 1 CpG-DNA x¢ 4% W B 3% & A RALBR K WAL IR A R 1A .
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Protective Effect of CpG-DNA on Rat with Mastitis Induced by
Staphylococcus aureus Infection

ZHU Yu-min, Miao Jin-feng, ZOU Si-xiang, CHEN Wei-hua

(Key Laboratory Animal Physiology and Biochemistry ,Ministry of Agriculture,Nanjing Agricultural University, Nanjing 210095)

Abstract: [ Objective] The study aimed to establish a rat mastitis model induced by a Staphylococcus aureus infection and to
observe the protective effect of CpG-DNA on mammary glands of rats with mastitis. [Method] 18 rats were divided into 3 groups. 2
X 10°CFU'ml™" (L group), 2X 10”2 CFU-ml" of S. aureus (H group) and phosphate-buffered saline (C group) were inoculated into the
mammary glands 72 h after parturition. All the rats were sacrificed at 24 h after infection. The pathological variance of mammary
gland from L was mild, but the mammary gland structure from H was seriously destructed, as polymorphonuclear neutrophils (PMN)
were accumulated in alveoli. TNF-qa and IL-6 in mammary gland from H elevated significantly. So the 2X 10" CFU-ml" was chosen
to evaluate the effect of CpG-DNA on mammary gland. 72 rats were divided into control and treatment group. PBS(control) and
CpG-DNA (treatment ) were injected intramuscularly into rats after parturition. Then 2 X 10> CFU-ml" of S. aureus were inoculated
into the fourth mammary glands 72 h after parturition. Before (defined as Oh) and after 8, 16, 24, 48 and 72 h (n=6) of inoculation, all
the rats were sacrificed. [Result] The PMN infiltrated to the mammary gland more promptly in treatment group than control at the
initial stage of infection. IL-6 in mammary gland from treatment group was significant higher than the control at 16, 24 and 48 h.
CpG-DNA could elicit significant elevated TNF-a in mammary gland before infection, 24 and 72 h after infection. Viable S. aureus
counts in treatment group were significantly lower at 8,16 and 72 h postinfection than control. CpG-DNA induced higher level of its
specific receptor TLR-9 mRNA in mammary gland than control. [Conlusion] CpG-DNA protected the mammary gland against
mastitis by S. aureus infection in rat.
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PRI L o o OO BR DA B LR SR S
FUIR R BOm T, BRI O 100 AR5
s, AR AR MR CRT AWFREEE Y /s RFLIR
REAE 1970 41 Chandle® B Je g7, (H HHRFE %
BT Ve QN N R B U S
Brouillette™%5 & I 4 11 14 5 KA A7 T-FLIR b5 41 i
FFLIR I N, PR 2208 5 A e E A 4h L ER
0 10 P AR P RAIR T 7 0N o 46 9T TRT 2 B I RS R
(R b TRV AT BREY.  [AHFFE DI A ] Bt )
FUIR BN LRI PR T i, LI 2 IBF R A 4 50
TRTT R W R TR, DRI g S — b 5 B I R A I ML
(R FLIR 2 SR TR ER R 3 i IR FLIR S B WL RE S
SEILPUR YL RE ) T/ B 2E . CpG-DNA 1] 14
WA o 2 RN, CpG-DNA T AL B ) 8 % B A% 40 i
WA PR IR O, I B G T EG R OV 1 N BRUA LR
FH o ARFLRT G0 R B G 1 FH i R AR . [k
(1 D vl A ST T R R K B FLIR R, JF
KR 57 CpG-DNA, WG H FLIR I A4 8
M, FLIR R AR R AR 5 B AR -

1 #RIERZE
1.1 RIERTE. s

AIRLG T 2004 4E 9 H~2005 4£ 5 HAER A
KA ) A6 A AL B RO a6 = AT
1.2 REHHY
1.2.1 52 SD KEL 135 s g i 90 1L, 14
i 250~280 g, A4, HERL 45 H, K 300~350 g.
TR 1 G, R RS R U 2 0 1 B, Al
fiisz %

1.2.2 AWt S EKE 26081 R FLIRAK
SOWE R, ) E I P A A AR R R R B 0
(CMCC) o PR BETH BB A B 48 0 2 X
10°CFU'ml" #1 2 X 10">)CFU'ml ",
1.2.3 CpG-DNA i H E A Mb R B A1 BT 5
T4, FHK1# 0.01 mol-L”, pH 7.2 PBS # CpG-DNA
TR R IRIE N 2 pgepl '
1.2.4 Kil TLR-9 }% B-actin FEDH 5854 p
TLR-9 (toll-like receptor-9) _LiiF51#¥/7%1: 5-GGG
CCCATTGTGATGAACA-3', Rii514): 5'-GCTGCCA
CACTTCACACCAT-3', 7=#)} 141 bp. B-actin _-Jif

5] 5'-CCCTGTGCTGCTCACCGA-3' I il 5]
Y): 5'-ACAGTGTGGGTGACCCCGTC-3', =¥} 168
bp.
1.2.5  FERA L SR, R
(M-MLV) . DNA %&W (Taq) « RNA g7
5% Promega 22w 7= i, Oligo dT18. dNTP I/l
B LE) TFEA T2 o IL-6 F TNF-o0 371 2006 1%
T S B BB TR R Lo e T . FMI-182 JBUR iz
y AR (R ERFER FR R H A
J ), TPERSONRAL %! PCR 1X (3£ [H Biometra /A ),
JS-380 HBhEHREI SR T ( LilgEERHE AR A
CIDS
1.3 XWAHZE
1.3.1 KRG VEFLIR R B g 18 sz Al
UL K 3 4, 725 72 h 43I K PBS (C 41)
2X10° CFU-ml" (L #41) #12X10"” CFUml" (H 40)
SR A 100 pul/AN 2R FLSKAEREE 2B DU O 3L,
BRI, 5755 SCER[T]. 24 h o AEAE K BRI FLIIR 4
2,
1.3.2  CpG-DNA X 4 8 €075 % BK B 75 3 1K L S
PEFUBR R VERIETT 72 B2 2 e BB ML 23 S ) B
ARREEZ (n=36) , XTHRAIRER=J5 0 h T4 5
HRTWLAES PBS100 pl/H, I 4N CpG-DNA
200 pg/ R .72 h JEHE 2 X 10" CFU-ml™ 47 1 100 pl/
MENEE 4 XFFLIRAN R o S FREERT G Xk
Oh) , WEMEJG 8. 16, 24, 48, 72h (n=6) FflfE ik
B, WEEFLIRA L.
1.3.3 M $abs 5777

(D FLRREAZF B4 BFLIRALZY Bouin
FOWE I e, A s, 1, HEGLOE T,

O FLIRA DA - e R PR Bt 2 X
SR LU K TE PBS LL 1 = 4 (W/V) UKIBAIH,
B 500 pl AR M B ASOv ok b AT 6 B o
¥, FIAAIIEW 3 000 r/min, B0 30 min, HY BN,
TBUR 50 9% 23 A0 52 1L-6 A TNF-a0 KT

(3) | RT-PCR HiEMEALIRA L CpG-
DNA 32/ TLR-9mRNA £i&  FLIRA 2L RNA H 7+
I RN -1 -5 07— DR EG, HIRENLS P06 RNA
AT [ 5. 50 pl PCR RWAAZR: RT =4 6 pl, 10
X PCR buffer 5 pl, 25 mmol-L"'MgCl, 4 ul, 10 mmol-L™!
dNTP 2 pl, 20 pmol-pl™ TLR-9 E Fi#514)%& 1 ul, 1.5
pmol-ul™ B-actin I FUF51414% 1 ul, 100 U Taq /i 0.5
ul, DEPC /K 28.5 pl. PCR JRV4cAFh: 94°CFiAsk
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5min; 94C30s, 55C30s, 72°C45s, 29 [E1E¥H )5 72
‘C#EH 10 min.

H{ 20 ul PCR 74T 2.5%EB 4L t0 [ 35 g b e e
k. FH IS-380 A Bk IS M AT I G AL 3
KIRKPEHT, M4 TLR-9 5 B-actin PCR =¥ 101 K J&
e, i€ TLR-9mRNA ik (KA 25 .

1.4 BESGITS 20

K SPSS12.0 B AFGe vt 2 57 i 2 A0 i At
SEFEA t RLIS RN 5 225381 (one-way ANOVA,
LSD) o Gil & LS5+ bRtk (Mean+SE) £

7No

2 HRSN

2.1 KRR MR IR RSB Y& T

2,11 FUBORERETNE L AFLRALUR R
ok, AR ] FLTT > (B 1-LD , H 4L
OG5 BB IR P, RV s P AT K R kL A
(polymorphonuclear neutrophils, PMN) i (& 1-H) ,
XA AR IR E AL (B 1-C

2.1.2 JLRALAMH Fr&N H 4R RALN
IL-6 Al TNF-o K-P-H00 414 2% BT, M L 4102
FAAM (K2, 3) .

C,.LH 250 PBS (C), 2X10° CFU-mI! (L) FI2X 10" CFU-mI" (H) &% Ja K MFLIRALL. C ATLHIA ;L A0 FL T2
Wb H HFUIRA RGBT, Rl P A0 b R 40 e B

C,L,H was the histological studies of mammary gland after infused with PBS(C), 2 X 10° CFUmL™" (L) and 2X 10" CFU'-mL™" (H) S. aureus respectively. No
pathological changes were observed in control. Milk secretion was reduced in alveolus from L. The structure of mammary gland was destroyed seriously and
PMN were infiltrated in alveolus from H group

Ell EEPBSHARIRESHERFARIIRALR (HE X600
Fig. 1 Rat mammary gland after infused with PBS and different concentrations of S. aureus respectively (H.E. X 600)
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Ex4iAE,  *P<0.05, **P<0.01. Compared with the control group,

*P<0.05, **P<001 5% IRAIARLE,  *P<0.05, **P<0.01. Compared with the control group,

*P<0.05, **P<0.01

B2 ZLARALRH 1L-6 KFERITIL
Fig. 2 Changes of IL-6 in mammary gland

3 FLBRLALAH TNF-a KFERIT (L
Fig. 3 Changes of TNF- a in mammary gland



186 S A 40 %

2.2 CpG-DNA M & HBEHEIRHEIFSHARIRIEMHE
FLR R BMERRAR

2.2.1 FUIWRBETEEZME S RAFIRAZAE 0 h

A (B 4-A) , RIS 2RI s py n DL /b o g8 v

M= (B 4-ED o X RR417E 8 h /& PMN &1l (K&

4-B) , 1MiAEAH SN2 (K 4-G) . 16 h i PMN

BN CEmS , 24 h hElg, JREEREFLIRAL LS
R ™ ERA (& 4-C, H) . 48 h J5 PMN Z#ijf/b
CEImg) , 72 h Jax AL 2> 72 h Ja oo AL 2>
i PMN (4-D) , mikiedc it (B 4-D .
2.2.2 FLRALAM AN FURA LS i
PR e 45 R a3 o

A~D 435 b BEALE A &3 I A ER B AT G2 X Oh), WEVE)S 8, 24, 72h FUBRALLUEA ML 4G B . WE T Oh LR LA, WS 8h
BRI AT 41T 5 PMN 4, 24h 5%, 72h 5T R . E~H 2305004 SCANRE S ORI G X0 oh), MRS 8, 24, 72h FLIRA
FUBR MG . WEHT Oh BE WA D3 PMN B4, T )5 8h BN W2, 24h ik, 72h CIGEAH

A-D were the histological studies of control mammary gland before (defined as 0 h) and 8, 48, 72 h postinfection with S. aureus respectively. No pathological
changes was observed in mammary gland before infection, A few PMN were infiltrated in alveolus 8 h postinfection and 24h reached the peak and a few PMN
were also observed 72 h postinfection. E-H were the histological studies of mammary gland in treatment group before (defined as 0 h) and 8, 48, 72 h
postinfection with S. aureus respectively. A few PMN was infiltrated in alveolus 0 h before infection. The PMN were significantly higher than the control at 8 h
postinfection and peaked also at 24 h postinfection. No PMN were observed at 72 h postinfection

4 EISHBREKERIRALR (HEx600)
Fig. 4 Rat mammary gland after infused with S. aureus (H.E.x600)

* KRBREHGIFHRERARABATMBETHEL

Table Changes of cytokines in mammary gland after infection with S. aureus of rat

Ml FUMRHE: 4 3 (81 A5 BRI i I 18] Hours after infection with Staphylococcus aureus of rat (h)

Measurements 0 8 16 24 48 72

IL-6 (pgmg™) XL Control 42.56+2.00 47.65+2.29 53.28+3.58 57.31£10.88 59.28+6.11* 55.36+3.89
Y4 Treatment  51.00+6.01 67.63+5.59a 93.49+23.10* 97.66+4.92*a 86.73+8.82%a 69.18+8.40

TNF-o (ng'mg”) Xt R4 Control 3.20+0.15 4.00+0.42 7.73£0.71%* 10.25+0.58** 5.01+0.73** 4.35+0.50
I Treatment 5.04£0. 70a 5.14+0.72 9.84+1.34 18.5342.52%*p 10.95+3.01%* 10.74+0.83*b

s X} #8241 Control 0 9.52:0.46%* 10.280.96** 11.2941.03%* 8.01£0.75%* 4.94+0,23%*

Pacteria counts (LoglOCFU-g') ¥4l Treatment 0 7.80+0.46**b 9.2840.59**a 10.07+1.56%* 7.03+0.75%* 3.260.15**b

BEHEE R 5 Oh AHEL, *P<0.05, **P<0.01, ZAVHEEEFARIA 5% AAEILE:, a: P<0.05, b: P<0.01

Compared with the Oh in the same line, *P<0.05, **P<0.01.Treatment group compared with the control in the same column, a: P<0.05, b: P<0.01
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2.2.3 FLR4Z TLR-9mRNA Fik[4840L R4
FRIE A FLIFELH 2 TLR-9mRNA Fik B 745 2
A, RS 24 h k& . RELAE 0 h,

B-actin

TLR-9

16 h F1 24 h XA AR = BT, fEGY)S 8 h.
A8h fl1 72h HE#H LA (H5, 6) .

1: 7T EbRd (50 bp ladder), 2~7: 43 HAREE S BT GEXCh 0h) FIEE)G 8. 16 24, 48, 72h
1: DNA marker(50bp ladder), 2-7: 0 h preinoculation, 8, 16, 24, 48, 72 h postinoculation of S. aureus

5 MR () MAEA f) KRETERAEAIEFLIREL TLR-9 mRNA 4833 3 & A9 Bk
Fig. 5 Agarose gel electrophoresis photo of TLR-9 mRNA result for control (L) and treatment group (R)
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PE IS SHEERT 0 h AHEL, *P<0.05, **P<0.01, [f]—mJ[H] sk
B2 SR RAM LA, a:P<0.05, b:P<0.01

Compared with the Oh in the same group, *P<0.05, **P<0.01. Treatment
group compared with the control at the same time, a: P<0.05, b: P<0.01

6 XKREISEHAMEFIRMAEL TLR-9 mRNA FiLHY
Tk
Fig. 6 TLR-9 mRNA in mammary gland pre and postinocul

ation of S. aureus
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NERBFLIR R AR BLAE 1970 45 1 Chandler #¢5%
@, HNR AL PR, BT A B OB,
MKW FL P E R AL, 1T AR H R
AT 005 72 h (K BB ) .

L IR R AR S, i H A 7L LR S5 1
TR, BRI A KR PMN B, 5 Chew!™4%
MRF9T 45 R — 5. TL-6 1 TNF-a 252 L 4 Fe o f

FEM AN REER TP, K& PMN j& TNF-o
IL-8 (B BRI, H A FLIRAL S TNF-0 /KT i3 1
T+, AT PMN KBRS, 5 Hagiwaral i
FEER—3, HAHFLIRALIL-6 KT EEF . L4
TNF-a f1 IL-6 K FEEEL. B A% 2X 107
CFU-ml" G BRI T TR RILIRA, Wk H b
MG CpG-DNA K UL 5 FLIR IR EH o

IRIGZHAE 0 h FLIRE P ) W/ 58 1 40 MR
Gomis &I CpG-ODN J& 5 3 KA A7 A7
RGN« Mel M5t W IL-6. IL-8 251 7K1 I
PMN i) L IR 20 3 AR B IR 1 3 ) S i LR 28 1
#i, CpG-DNA A J5EIE QLT FIE RS 8 h FLIEA
PMN s 25 5 AR A 1Y) T B 4t B e ik T IR, 5
ZAHMENY, R AERR)S 72 h RIEATE D&
PMN, IMREA E G, HAaRm 2 FUR 2 24 v £l
8. 16 F1 72 h WE(L T X M4, KB CpG-DNA H] ik
D TR DRSS AR T SRR

IL-6 75 R9E VIR Z FAEH], Stz IL-6 11/
BUCVETEHIE 3 4w s, Nakane!™ R I IL-6
T 4 7 BRI G 1 LI A R e R AR AR A .
CpG-DNA 1] LURIE E W4 i . A% 58Ik 40 i & B 4
G TL-61" "7 Stof HRIA B0 FLAR 2121 TL-6 7K T4 Sl AE
JEYLIS 48 h Fl 24 h LT f v, RIGA] 1L-6 7 8. 24
A1 48 h BN G E TS, #77 CpG-DNA il i inid
IL-6 [RIRR ORI 1 TL-6 I RARARA VT o APy b
W FTUE 5% CpG-DNA - B8 H ¥/ B Wk i g 53 b
TNF-o!'”. Nakane! V&8 A ¥ TNF-a 7E 35T 40 14
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TG FE A R AR AR T o ARIG 4] TNF-o0 006 IR 414
0 h f1 24 h A B#ETHE, $#78 CpG-DNA nJ il id 4
TR LY TNF-a 7K R A5/

T4 A CpG-DNA [H RIS 54 St
TR S ME RS2 4K-TLR-9 SEEL TS, TLR-9 F3ikik |-
BRI BERE B SN . A% 4 e B e ™, i
FF AL P AT AR 5 2R, 59 AR 2R
FME W, Peyer 4 MV RO LS54 TLR-9 1115
B, B E A R LA K RFLIRL AR ST
AWFFCUESE KA TLR-9mRNA K1k, Hik
541 TLR-9 mRNA /K W2 & Tl dl, £
CpG-DNA n] {2 K FRFLIRA 2 TLR-9ImRNA R4,
MR IEVE R BRI 5r T 24 3Rl . TLR-9 Tl 335 NF-kB
ARG TNF-o 1 IL-6 2540 i [R -7 (¥ 72 25 RO i),
5280, W0 A FUIRAL LR 1L-6 F1 TNF-a 552 T4
I 4

Aan=dlo

4 ZEig

F 2X 10"CFU-mI™" ) 4 i (055 A Bk A il i 5
T REIFUR 2R, H CpG-DNA W 4 K UL
WA ORYAE T, AT FUR AR I B VA Sl 7 —
ZMI BB ARE . KRFUR R — e R LR
LT IR FUIRE R AL, PRk CpG-DNA %
WA FUIR 2 AE FE AR 1 — D5
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