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[ Abstract] Objective To investigate the changes of inflammatory factors interleukin-2 (IL-2) and interleukin 4
(IL-4) in the pathogenesis of mouse mastitis. Methods Twelve lactating female BALB/C mice were randomly divided into
the control group ( group A), high concentration group ( group B), medium concentration group ( group C) and low

concentration group (group D). Group A was injected with normal saline. Groups B, C and D were injected with different
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concentrations of Staphylococcus aureus, 1.2x10° CFU/mL, 1.2x10* CFU/mL and 6.0x10° CFU/mL, respectively. The
pathological changes were observed using H&E staining. The expression of IL-2 and IL-4 mRNA and protein in the mouse

mammary glands were detected by qRT-PCR, immunohistochemistry and western blot. Results

The pathological

examination showed that the pathological changes of breast tissue were gradually aggravated with the increase of the

concentration of S. aureus. Immunohistochemistry, qRT-PCR and western blot assays showed that the expression levels of

IL-2 in the groups B, C and D were significantly higher than that in the group A (P< 0.05) However, as the concentration

of infectious bacteria increased, the expression level of IL-2 gradually decreased. Compared with the group A, the groups

B, C and D showed significantly increased expression levels of 1L-4 (P< 0.05), but the expression level increased

gradually with the increase of concentration of infectious bacteria. Conclusions The inflammatory factors IL-2 and 1L-4 are

involved in the development of mastitis caused by S. aureus, which lays a foundation for the pathologic mechanism of S.

aureus mastitis and provide a theoretical scientific basis for studying the immune mechanism of breast.

[ Keywords)

Conflicts of Interest: The authors declare no conflict of interest.

FL 5 RIETE Bl W) LR 41 2132 209 R i A 4 3
TRH 2R BT 5 R i) — SR AEBHE . A5
T FL 5 AR B, HP A B 00 A A Bk
( Staphylococcus aureus, S. aureus) &5 #2 FL 57 R #Y
FE R A 2 4l R R e L 2 R e
B bRz A, B R TR A A T S 0 A IR
AU B R BUE Y e R R B VAT
BUAS HE A R A4 H2 i, % WMl 1 i)™ 1Y) 28 B 4
o IRITILDT A B O BE R A 1 A RE B 4k A M
N, P FL P 2 AT 7 vE FEEE I 5 (U
Ly RL2G A ) R RAE 1Y A& AR . (HACIBIE F 259
SEAWUAR 25 P, 2591697 HORBEAR, 1EAh,
SR ORI AR 3R 5k B[] A Bk o AT G T
BEE AR AW R e 3L R BER P iL
E SN R AZ R A R —

W9 RBT, 4 R K (interleukin , IL) %8 4iF A
THABREERAEDWKR" ) IL 2 —KEH
TG g% 200 A TR] bk L XL P SR S g v kS A DG B
MIROR T TL-2 55 9k B A A AN A% 4 R 1 ) TL-2
ZARZE S KR bk EL AT B R A T4 e — b
{232E B 20 LS 58 A BRI, X bk 2 400 b LA S i 3 T
YEHT, R4 i) 50 4% B W 40 B 7™ A= b 98 3K 38 [+
(tumor necrosis factor-o, TNF-a ) Fll IL-]Bm o WF3E
1B /N B TE 3 55 A FLAR 218U Toll M 57
-4 ( Toll-like receptor 4, TLR4) ik I & F ™
i IR AT AR HE IR 2 M R 5L 55 2, W43
Ji b H 4 g b S8 RE 5 1L-6 \IL-12 F1l TNF-oc mRNA
FakEY BAY . BARTA TR R i
) BRI KL 4 N P R K
MU HRE B2 5 A SRR T B 56—
e, NEAMAIN, Ty BAE S LN B X AR

mastitis; 1L-2; IL-4; Staphylococcus aureus; mouse model

X FLARA LA S F I 2L sh W i ZL AR L2 LI/INER
ARG B L2, AW REH N 4 B K55
YA 2L R FLRE , 2R 2 e o R R RS
8y B Ak S e R A IR, RIS O
BRGNS /N L s RS, SR
H&E Y oMig L 3 AR L BFY 1L-2 1 1L-4 #E /]
FRFL 96 2R R P 3 A mRNA 5 5K 284k,
PRV IL-2 F TL-4 7EFL 55 R LWk v g VE T, R ol
FLIFL D 9 AR AL S BRI A

1 #MR57AE

1.1 #8
111 SERsh¥

3 I I 9 BALB/C MEPE/NR 12 B K
9.552 ~ 8.805 g, MitE/NEL 12 B {KEH 8.712 ~
7.995 g, AVEF v [ 22 M A B AF ST T [ SCXK
('H)2017-0001] , 18155 F i B AL B 22 BE 22 M 54 B2
MAMEXEERHREAEYFERELLRS
[ SYXK( H)2015-0003] , A F= A 19 ~ 25°C , Fnife
TR A OK 4 B 607 28 BR DR R T R 3L
D RIGA W FLRE R AR 5200 % 40 B9 4 A0, IFIR
1. 1.2 AXEF AN

SER 2% E f PCR X AR (FTC-3000P, il &
K, BEE AR Z 55 ( Bio-Rad , 35 [ ) |, H UK AN FTH 7%
1 (Bio-Rad , SE[H) , S e 4l LA MRF] & (R ¥EE,
Fi[E) , Rabbit Anti-IL-2( {HEE%, AP [E) , Mouse Anti-
IL-4( Santa, 3 [H ) , HALH 0 E =544k,
1.2 FHik
12,1 /NEREFLD S A AL 1 g 5 R B A T

HU& B ORI BRI B IR 10 wL 2R Tid s



606 [ SIS B R 2019 4F 10 A48 27 %45 5 1 Acta Lab Anim Sci Sin, October 2019, Vol. 27, No. 5

et FRFp ) 3T C IR, R A LR PRk
(10x) TR 42ih T8 R B RR s 32 28 IR P AT
BOLTH RO . ARYE SCHRRGE | R R R
A 1.2x10° 1. 2x10* 6. 0x10°CFU/mL,

AN RS | R 1 S 2 D I T AR R R R
(PMSG) , R A TEA S A 58 B8, F 12 HbEl
AL BBENL N 4 21 A 41 % R (L3 N TE
SHERIERIK 50 pL) ARV . B 4L (L EB A7 o8 v A
1. 2x10°CFU/mL B 50 wL) ;C 41 (FLH e N 15
1.2x10*CFU/mL ¥ 50 wL) ;D 4 (FLE K 5
6.0x10°CFU/mL B 50 pL) ., %0 24 h J5, LH
AT RAE/IN BRIV AT 1240 ML ESORS ) 5 SR /N B
FLARALLY B4 BT 4% W B I T I % , 35543 - 80°C
BRI
1.2.2 H&E M bz gy

P AU R GIEA Y R, &2 H
PSR T ) N W N S N L R
b, e ge o, s BETORG I K, — W ORGE B A e
o BEBLEE 5 ASPLEF B2 T ZH 210 BE2E AR

FLBRYI 28 65°C #5 7, — H R B i | A6 T HG
KA FriERRE g R bURIE R H,0, EiREE &5
P (10 A) E5A IL-2(1/85) F IL-4(1/250) i
BEE, Pt B) (il ¢ EiREFH , DAB W,

IARREE YRR oAk, B BE RS L — FF R B K
BRI E R, BT S EAE . BN SN 3 5K
YIh, Bk Yl i FEALIE 5 P8P, Image-Pro Plus
6. 0 AR K BEAH BTG 537 o

1.2.3  SEWZEOGE & PCR

BT mg /DNERFLIRA L, AR Y8 TransZol UP RNA
PRVEULH] , 32 HL Total RNA, HU 3 pL Total RNA #£
i, 48 1. 5% SR RE I P VRS DN G 5 A 1k i T
Total RNA V& , AR e 45 5L , ¥ Fovk BE 5 28 500
ng/ L, #% RevertAid First Strand cDNA Synthesis Kit
ERVEVLIA T 25 154 1 cDNA, 729 T - 20°C {7 17 %
FHo AR¥E NCBI H /) Bl IL-2 ( NM _008366. 3 ) , IL-4
(NM_021283.2) fil GAPDH ( NM_001289726. 1) it}
4 {4 F Primer Premier 5.0 #&iT4E 5519,
VELERET R HARAR AR EGR(FE 1),

LA cDNA R HEHT, qRT-PCR A 1L-2 IL-4 £
GAPDH mRNA HYFRILFE, RMAKZR N 20 pL.2x
TranStart Tip Green qPCR SuperMix 10 pL, [i# Fiif
1914 1 wL,cDNA 1 plL,ddH,0 7 wL, ¥ 8T R
FH=215.94%C 30 5,94°C 55,56°C 15,72°C 10 s;
I 45 MR, BEFREVERE 3 UK, SN 4 S LR
P i g R Cofi, SR 27O kit
gAY

®1 5IWFIIER

Table 1 Information of the primer sequences
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L2 F: AGCCCCACTTCAAGCTCTAC 190 56
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F: CGGATGCAACGACAATCACT
1L-4 R: ACCTTGGAAGCCCTACAGAC 153 36
GAPDH F: GGTCACCAGGGCTGCTTT 129 56

R: ACTGTGCCGTTGACCTTGC
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Table 2 Changes of leukocyte counts in the

mice infected with S. aureus( x +s)

il P x10°)  RzAnRIE (< 10%)
Groups Leukocyte counts Neutrophil count
A 4.96 + 0. 16 2.03+0.15
B 11.51 £ 0.13* 4.20 £ 0. 14"
C 9.65+0.3" 4.83+£0.21°"
D 7.69 +0.35" 3.83+0.17"

T AT IR B AL, BV BE O 1. 2% 10° CFU/mL; C. BEAU 4
FRIRVRIE A 1. 2x10*CFU/mL; D BERLAH | BRI 6. 0% 10° CFU/
mL.* P< 0.05, " P<0.01, ( FIf)

Note. A. Control group. B, C and D. Model groups infected with S. aureus
of 1.2%10° CFU/mL, 1.2x10* CFU/mL and 6.0x 10* CFU/mL,
respectively. * P< 0.05, ™ P< 0.01. (The same below)
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Note. A1-D1. Gross appearance of the breasts of mice in the control and model groups. A2-D2. Anatomical changes of the

mouse mammary glands in the control and model groups. A1, A2. Uninfected group. B1, B2. High dose group. C1, C2.

Moderate dose group. D1, D2. Low dose group. ( The same below). —: breast tissue; 3¢ : breast in the control and model

groups; * ; hyperemia; A : pus.

Figure 1 Observation of the anatomical structure of the mammary glands of mice infected with S. aureus
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Note. —: Glandular epithelial cells. % ; Mammary secretion. ¥ : adipocytes.

Figure 2 Pathological changes in the mouse breast tissues infected with S. aureus (H&E staining,40x)
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Note. A1-DI1. Negative control of mammary gland tissues in the control and model groups. A2-D2. Expression of IL-2 protein in

mammary gland tissues of the control and model groups. A3-D3. Expression of IL-4 protein in mammary gland tissues of the control

and model groups. Series A. Uninfected group. Series B. High dose group. Series C. Moderate dose group. Series D. Low dose group.

Figure 3 Expression of IL-2 and IL-4 proteins in the breast tissues of mice infected with S. aureus
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Figure 5 Relative expression level of IL-2 and IL-4 mRNA in the mouse breast tissues infected with S. aureus
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Figure 6 The relative expression of I1.-2 and IL-4 proteins in the mouse breast tissues ( Western blot)

K& LD RIFTER Bt 2 Al

ASBIETE N B W5 28 FL i vh 0 B AT 20 1 Y
S OHAERE , AR NRFLG R, B
B SE R /N ELFL B R AL o | = G2y
B A /N FRCPL I 2H 23 A BRI B A, HL ROV 32
M, 51N REFL D RAT B H S ARSI/ AR
TIGERANMUL 0 HE G (0 5 A 5250 25 2 ) B AR 4k

PANTR], S A n] R IR Bk T35 L D 98 A TR e J3E Y 22
5o BHAERER A UL B FL D SRR A
200 LIV R R A 2 A AR OG5 SR R A T VAR T
A DAIE ) 75 S R 20 i B A 38 . 5 AR E 5T/ L
D RAMLHE ARG, 45 R RN B 4 B I K
T AL CHRMDH(P<0.01), FLREIRUIA
IFSE R A T 46 (5 0 Bk T 8 A 9/ UL



610 PR E 556 B 2A R 2019 4F 10 A5 27 55 5] Acta Lab Anim Sci Sin, October 2019, Vol. 27, No. 5

RBEIY KRG AN B H&E YL (X BB RS &
ImRFE B, 2 & BN ES 1. 2x10° CFU/mL 4
B0 A BR R T TR S0 WL T A5 kS i 0 e R 6 L

VAT BRI G e RS T U AT BB IR 7L 5 4%
BRRIRAS S M AR RAPLA B HBE T 40
i 1(T helper cells, Th1) 43 1L-2 S54¢ R HF 15
YA GPE s Th2 S 11L-4 SEHTR A SR 5%
PIE AL T B 25 V-4, G 2 Fe MUK IE 5 1) S D)6,
A5 e S S iy BN AR 3 A
PEL AL R, BHPE 3k 5 B 7E L8 40 it A0 E 1)
FUIRAZ b R b, A S50 3 5 fe 3 2H 24k~
KB, BRI A HE % LR - e 4
MRk, [RIRE, 8 R O B (E R B, LUKk
JE TR /N TL-2 A TR KO3k Bl iy, [L-4 %3k
KA, AT e L) 4 AE S i FH Bt 48 R 3800
WAL A R 400 T S8 RE 1) A 5 > v Tk R SR e I, 3R
KK R A R BRI F o E 5, HRR
PR~ IR G NI, A7 S R L, o TS BUAR N
PRR B FXFH S E B8 F , PR B 7K P [F]
Thr , HEHRFAR R PR 7 FHT R PR 7 =2 (8] 18 SF- £, SR
ANREYERFIX AT A, 5K 23 R AR RAE DT, 33X BT £l
IR AT i — 25T

qRT-PCR I Western blot £l A& B, bl % Jak 4
W BE (O BG TN, IL-2 7EFLIRZH 2R 1 33k e Th s I B ARG
1M 1L-4 B KT TR E LE, SLigs RS E
AREEOI K 25 i 4 AP TL-2 T T4 ik i 595
TG Sh B A 25 SR A AL, Miller 457 T 98 K BR,
TP 81 B £ TR A 2R T TL-8 AN & B F 1L-10
() ZRIR K Z ] R A C, B TL-8 R IR 7K (3 =
PEREE IL-10 kK RIREAL, 5 A S IL-2 %
RACERN L4 B K- B 25 R — 5, BR
TR 32 1A B PR A 000 1) 4 5 0 ) 28 R Rk e LR
R AR, (H 4 B 00 AT BRI A BE IS IR, R
REA RO U R 2, I A BRI FL s 27,
X 0] BE LR A N A 5 55 A O, AT BB SR AR S
B oY 24 h T TL-2 F TL-4 75 A [R) 9 B I 26 3k K
AR, ERL S R R AR R R T
IL-2FIHL R N IL-4 MR, AL — Ve,
{EHAR LA R i — 2P 4R 58, WA e AL s 5L
s R ) K AR AL B RE R 27 %) B A i | Sk iE— 2B 1F
FEARPE AT SRR S

4 ZEie

YIRS T R R HOR AR B 4 B e
A ER ARG /N R FLIR 4L 2O TL-2 Al TL-4 AR5k
PPRTE]IESE RAE R F 1L-2 f 14 B 535 R WA
SRR,

£ £ 3 #k(References)

[ 1] Gaol, Zhang HQ, He JZ, et al. Characterization of Prototheca
zopfii Associated with outbreak of bovine clinical mastitis in herd
of Beijing, China [ J]. Mycopathologia, 2012, 173 (4). 275
-281.

[ 2] Zadoks RN, Allore HG, Barkema HW, et al. Cow and quarter-
level risk factors for Streptococcus uberis and Staphylococcus aureus
mastitis [ J]. J Dairy Sci, 2001, 84(12) . 2649-2663.

[ 3] Juronen D, Kuusk A, Kivirand K, et al. Immunosensing system
for rapid multiplex detection of mastitis-causing pathogens in milk
[J]. Talanta, 2018, 178 949-954.

[ 4] Dinarello CA. Immunological and inflammatory functions of the
interleukin—1 family [ J]. Ann Rev Immunol, 2009, 27 (27) .
519-550.

[ 5] Howard M. Interleukins for B lymphocytes [ J]. Sur Immunol
Res, 1983, 2(3): 210-212.

[ 6] Handa T, Matsui S, Yoshifuji H, et al. Serum soluble
interleukin— 2 receptor as a biomarker in immunoglobulin G4-
related disease [ J]. Mod Rheumatol, 2018, 28(5) :838—-844.

[7] Xia F, Deng C, Jiang Y, et al. [L4 (interleukin 4) induces
autophagy in B cells leading to exacerbated asthma [ ] ].
Autophagy, 2018, 14 (3) :450-464.

[ 8] BRE™, 3N, &5, %. TLRA W /MBI EI &
FURAL P RIE [T]. R AEYEOR 4R, 2016, 24(3) :
349-356.

Chen FF, Zhang XL, Li FD, et al. The expression of TLR4 gene
in mastitis breast tissue of small tail Han sheep ( Avis aries) [J].
Chin J Agric Biotechol, 2016, 24(3) : 349-356.

[ 9] . B-BifHEE -5 mRNA 7EAr B 45 2 ZLAR b K2 40 b iy
ik [D]. MR SRR, 2011.

Tu Y. Expression of B-defensin—5 mRNA in mammary gland
epithelial cells of Holstein cows [ D]. Hohhot: Inner Mongolia
Agricultural University, 2011.

[10] wsde, Taivh, MHRIR, 55 5225 iy 5 7 % 3L AR 4 B
RUNR SRR [J]. PR AR AR, 2018, 23
(1): 106-112.

Gao RJ, Wang CJ, Aorigele, et al. Immunoregulation effect of
Mongolian medicine composition compounds on mastitis model
mice [ J]. J Chin Agr Univ, 2018, 23(1) . 106-112.

[11] SREEHS. dFHURIIK GNLY JEPI 24001 K& 2 IR/
I R BRI IFEH PR (D], A F. AW F X
%, 2018.

Song JZ. Study on the polymorphism of sheep antibacterial

peptide GNLY gene and the therapeutic effect of synthetic peptide



TR E 526 B 2A 3R 2019 4 10 A5 27 55 5] Acta Lab Anim Sci Sin, October 2019, Vol. 27, No. 5

611

[12]

[13]

[14]

on mouse mastitis model [ D]. Shihezi: Shihezi University, 2018.
TR, PERIAE, XUAKAE, 45, Vi 9% 95 50 3 A0 T 2 A6
ETRFAEMGEE (1], PE LB EEARGE, 2001, 11(3):
4-6.
Fan W, Yan LH, Liu YM, et al. Selection of culture media in
bacteria detection of cleaning laboratory animals [ J]. Chin J
Comp Med, 2001, 11(3) . 4-6.
U, WREIR, TIESR, 4. 4 (8 4 3R B e /N 7L
P RAEEVE S (1], RS B2, 2011, 31(1): 107-
109+114.
Yang MF, Chen CF, Wang ZR, et al. Establishment of mastitis
model in mouse by artificial infection of Staphylococcus aureus
[J]. Chin J Vet Sci, 2011, 31(1): 107-109+114.
Zhang QW, Wang Q, Gong JS, Yak IGF2 promotes
fibroblast proliferation via suppression of IGFIR and PI3KCG
expre%iion [J]. Genes, 2018, 9(3). pii; E169.

ZEPREE. WILL B FL D AT (i A N K R 2 s
WE‘JH% [J]. oh Ry B BE 2 4f, 2008, 30(4) : 305-308
+325.

et al.

Lyu Y, Li QZ. Establishment of chronic mastitis model in milk
goat [ J]. Chin J Prevent Vet Med, 2008, 30(4): 305-308
+325.

IR, MOESR, TR K,
A I G B N 25 i R
2017, 27(11) ; 44-49.

Li MY, Yan ZQ, Wei RF, et al. IL-37b alleviates septic shock

. TL—37b 3 1 100 il 445 5 4R 4 i
tMMi [J]. PR E IR,

through inhibition of immune responses related to dendritic cells
[J]. Chin J Comp Med, 2017, 27(11) ; 44-49.

Wot, RIEW, BET, & A s IR D4’ CD25*
Treg/Th17 P SEH M F £ G e M i 6 28 By 16 76 I i 32

[18]

[19]

[20]

[21]

W [J]. PR B2, 2016, 26(11) : 66-71+54.
Yang Y, Yuan ZZ, Lyu ZY, et al. The effect of vasoactive
intestinal peptide ( VIP) on the regulation of CD4* CD25* Treg/
Th17 balance in the prevention and treatment of experimental
autoimmune cerebrospinal meningitis (EAE) [J]. Chin J Comp
Med, 2016, 26 (11): 66-71+54.

BN, XA, fEH, 4F. RNF168 TEFLIE LS %
BT[], EEBE% TR, 2019, 27(2) : 6-9.

Luo XL, Liu ZG, He HJ, et al. Expression analysis of RNF168
in breast cancer tissues [ J]. Chin Med Eng, 2019, 27(2): 6
-9.

RSO, XEE, W, . Bt R (UC) BB TL-
2 IL=4 IL=17 A1 1L-10 B3R 5 A0 B H -5 000 1 80 B2 10 ¢
Z [J]. EHZR(E2ERR) , 2012, 39(5) ; 454-459+488.
Yue WJ, Liu W, Xu W, et al. The expressions of [L-2, IL-4,
IL-17 and IL-10 in ulcerative colitis ( UC) mucosa and its
relation with disease activity [ J]. Fudan Univ J Med Sci, 2012,
39 (5): 454-459+488.

Miller L], Fischer KA, Goralnick SJ, et al. Interleukin — 10
levels in seminal plasma; implications for chronic prostatitis-
chronic pelvic pain syndrome [ J]. J Urol, 2002, 167(2): 753
-756.

Yang W, Zerbe H, Petzl W, et al. Bovine TLR2 and TLR4
properly transduce signals from Staphylococcus aureus and E.
coli, but S. aureus fails to both activate NF-KB in mammary
epithelial cells and to quickly induce TNF-a and interleukin—8
(CXCL8) expression in the udder [ J]. Mol Immunol, 2008, 45
(5): 1385-1397.

[KF=EHHI] 2019-03-25



