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Salmonella genetically engineered live attenuated vaccines has gradually emerged, and research has
continued to deepen. [Objective] To explore the immunogenicity and biological safety of four
gene-deleted strains of Salmonella enteritidis G9 strain: G9(4hild), G9(AhilD), G9(AssrABhil4) and
G9(4ssrABhil4hilD). [Methods] Salmonella enteritidis strain G9 and gene deletion strains G9(4AhilA4),
G9(4hilD), G9(AssrABhilA) and G9(AssrABhilAhilD) were inoculated with the optimal immunization
doses to mice, and then used indirect ELISA and flow cytometry, MTT method, mouse challenge test and
pouring plate method to evaluate the immunogenicity and safety of each deletion strain. [Results]
G9(AhiID) induced the highest titer of serum IgG antibody, G9(AhilD) and G9(AssrABhilAhilD) produced
the highest titer of intestinal mucosal IgA antibody, and 4 strains of deletion bacteria induced IL-4, IL-10,
IFN-y, TNF-B, MCP-1 cytokine capacity was not significantly different from that of the parent strain G9
(P>0.05), the ratio of CD4"/CD3", CD8"/CD3" T cells showed an upward trend, and G9(AssrABhil4) and
G9(AssrABhilAhilD) were the highest; G9(AssrABhilAhilD) induced the highest proliferation index of
splenic lymphocytes; after immunization of mice, the protection rate of the four deletion strains against G9
challenge was 80%—100%. The structure of the spleen and small intestine villi was relatively complete
without obvious pathological changes. The protection rate against Salmonella typhimurium challenge is
50% to 80%; 12 days after inoculation, the colonizing strains in the liver, spleen and small intestine of
mice could be basically eliminated. And it could be continuously and stably passaged for 30 generations in
vitro. [Conclusion] G9(4hild), G9(4hilD), G9(4ssrABhilA) and G9(4ssrABhilAhilD) had good immune
effects and biological safety in mice, and they had the possibility of becoming genetically engineered live
attenuated vaccines of Salmonella enteritidis.

Keywords: Salmonella enteritidis, genetic engineering attenuated strain, immunogenicity, immune
protection, biological safety
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F2 PRIE IgG R BN E 45 R
Table 2 The results of IgG antibody titer in mice serum

x1 5149575
Table 1 Primers sequence

GIb7 R Ik s 2]

Primers Primers sequence (5'—3")

name

sstAB-F  GCGGAATTCCGCCGTTTGCTTGCGTATAG
sstAB-R~ ATACTGCAGACGCCGCTGTTTGCAATGAG

hilA-F ATAGCGGCCGCTAGCTTTCTGCCAGGCATAC

hilA-R GCGCTCGAGCGGGATTCACGGAACAATAG
hilD-F ATAGCGGCCGCTCCGGGCGAATCAGGATAAG
hilD-R GCGCTCGAGAAAGGCAGGAGGGTTATGAG

T SIS T R Z R FR BRI N DI BEAL S
Note: The underlined part of the primer sequence in the table is
restriction endonuclease site

2 BRE5HH
21 BRPITKEERERREXK GIAIA).
GI(AhilD). G9(AssrABhilA)FN GY(AssrABhilAhilD)
TR RBNELE R
2.1.1  [7E IgG RN ELE R

GPE I ESE 4 FARTRIN, & Edl 1gG Bt
PRIKSE- 20 8 T, i R Bk — EAR R AR
ST FL R RS A AR AR 22 BE R K . 5 2 S,
GO(AhIDY e /N B 1gG PLiAR M Ferm, R
1:409 600; G9(AssrABhilAhilD)IXZ. , 4 1:102 400;
G9(Ahild). GY(AssrABhild). G9 ¥4 1:51 200, Tfi
PBS X HEZH N 1:400 (3% 2), REHGRITICHE K
R R SA R N B A AT O ARV g
2.1.2 BFEFAES B IgA KN ELER

Bl 0 (I HEA T, /N BRI B A IR TgA

415 — 4 1) —4 2 A A1 A —H2

Groups One week after the Two weeks after the One week after the second Two weeks after the
first immunization first immunization immunization second immunization

GI(AhilA4) 1:400 1:300 1:1 600 1:51 200

GI9(AhilD) 1:400 1:3 200 1:3 200 1:409 600

G9(AssrABhilA) 1:400 1:3 200 1:3 200 1:51 200

G9(AssrABhilAhilD) 1:800 1:3 200 1:51 200 1:51 200

G9 1:800 1:1 600 1:12 800 1:102 400

PBS group 1:400 1:400 1:400 1:400
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One wee Two week One week Two week
after the first after the first after the second after the second
immunization immunization immunization immunization

1 NEBBERE IgA TR EH N 24
Figure 1 The results of IgA antibody in mouse small
intestine

A _
800 em GoaiLa)
£ GY(AhilD)
g0 L T GOAssrABhilA) .
< @3 GY(AssrABhilAhilD) s, d
< SG9 % N\
s ol &3 Control < é é%
@) R —] /\
x| aa 2N
S| BE 2N
20 | S %\
i 2N
e H=HZN

Two week after the
second immunization

Two week after the
first immunization

B &3 G9(AhilA)
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Figure 2 The percentage of CD4" (A), CD8" (B) subsets
in CD3" T cells in peripheral blood of mice

TE: M TFRIRERARE, RZFRERDE. TH
Note: Same letter indicates no significant differences, otherwise

shows significant differences. The same below
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B3 NEMmEPMEMEETF IL-4 (A). IL-10 (B). IFN-y (C). TNF-p (D). MCP-1 (E)8y35{k

Figure 3 The changes of cytokine IL-4 (A), IL-10 (B), IFN-y (C), TNF-p (D), MCP-1 (E) in serum of mice

2.1.5 /NERBEH B RIS IE IR IG5 R EAIE AT S, 78 99%LA F(E 4). #FM/NER—
{0 Gl B LS B E T IR R R /N 2 AR, STAEME BRI GO(AssrABhilAhilD) |
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Z, PGER, REEERE, MR Ke, o B, Hd G9(AssrdBhild)5 G9(AssrABhilAhilD)
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B oa o,
B4 NEBHEMELEEER

Figure 4  The result of splenic lymphocytes with
Wright-Giemsa stain of mice

Gaedl SI{EEE PBS X B4 25 5 i 3 (P<0.05), #2

TNIZ 2 PRER AR RE AL DRI L 40 I Y 3 5, 5 T4

i R IO 2 S I P 7 A (3R 3)

2.1.6 MRENMBRUIERPRELER
FHZEAKE GO W REJT, 4 BRERRFRIREXT /N

x3 PREHBHEIEERESER

PEHEESR Y, Hob, G9(AssrdBhild). GY(AhilD).
GI(AssrABhilAhil D) /N BR3P 1535 100%, 1
GOARIAY IR T1H 80%, ¥4 2 w5 T X IR 20
(P<0.05) (% 4).
217 MeEENRHZXKERPALER
FHEAGZEVD T TR CMCCS50115 WH e, 4 Fk
BRI AR — e R, o,
G9(AssrABhilAhilD)Xf /)N AR 1185, 15 80%;
GY(AhiID) . GY(AssrABhilA)IR 2., 174735 134 3%
TN HRZH (P<0.05) (3% 5).
2.1.8 MWHRENRFEALFMELER
X5 G /N RUEIE . BRNE . T4 . =
FEL g s BREL U iR A TSR, X B 20 TG B Jd A
b, AR A R M G(ARilA)H /MR
JHERE o S R PR A S OB R N R P AL
FELVE TR 0t B/ INEE PG | R E A IR, B T
Iabb /N A g8 E FE ML L s GO(AhIID)Z /N BT IE

Table 3 Lymphocyte proliferation experiment in spleen of mice

Strains ODs79 SI Mean+SD
G9(AhilA) 0.185 0.151 0.173 1.637 1.411 1.587 1.545+0.118 7¢
G9(AhilD) 0.224 0.253 0.187 1.982 2.364 1.716 2.021+0.325 7bc
G9(AssrABhilA) 0.243 0.295 0.276 2.150 2.757 2.532 2.480+0.306 9ab
G9(AssrABhilAhilD) 0.261 0.294 0.277 2.310 2.748 2.541 2.533+0.219 la
G9 0.182 0.275 0.211 1.611 2.570 1.936 2.039+0.487 7b
PBS group 0.151 0.134 0.119 1.336 1.252 1.092 1.227+0.124 Oc

0 AR SRR BI [E) 35 ) 22 B R .35 (P>0.05); ANIRIF-EERBIZH A 75 ) 25 5 %5 (P<0.05)

Note: The same letter indicates that the difference in virulence between groups is not significant (P>0.05); The different letter indicates

that the difference is significant (P<0.05)

x4 RENMREZGIUEBFHRIPRKLER

Table 4 Protective test results of immunized mice after G9 challenge

7S i ARAE PR FETHE(R) AR
Strains Clinical symptoms Number of Survival rate
deaths (%)

G9(AhilA) 2 HaET:, 2 B pHZEEE . mEREAEIR 2 80

2 died and 2 showed symptoms of lethargy and lethargy
G9(AhilD) BASET, 3 RIMBURER . KPZERE . L3RR 0 100

0 died and 3 had symptoms of anorexia, malaise, and crowding together
G9(AssrABhilA) WHBET, 1 HH IRt 2 REAE Ik 0 100

0 died and 1 showed symptoms of malaise
G9(AssrABhilAhilD) 10 HIHIEH 10 are all fine 0 100
PBS group 10 HAFEFET: All 10 died 10 0
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Table 5 Cross-protection test results of immunized mice challenged by CMCC50115

7S I ARAE AR THER) 7R
Strains Clinical symptoms Number of Survival
deaths rate (%)
GO(AhilA) 6 RFET:, 3 FIMBURHIZERE | MERELT IR 5 50
6 died and 3 showed symptoms of lethargy and lethargy
G9(AhilD) 3 HFETS, 2 MBI . KR EEEE . LR 3 70
3 died and 2 showed symptoms of anorexia, malaise, and crowding together
G9(AssrABhilA) 4 FBET:, 1 HUHBORS i B AR 4 60
4 died and 1 showed symptoms of malaise
GO(AssrABhilARIID) 2 RAET=, 2 HH IR ML A RE R 2 80
2 died and 2 showed symptoms of malaise
PBS group 9 HAET:, 1| KBRS # 2R BEAE AR 9 10

9 died and 1 showed symptoms of malaise

B, s ds . RYENIEB L, MR
Fulm b, £UBEF SRR B AR S8, N I B
M, Horp - 38 i AR i S R IR YR
G9(AssrABhil )AL e /b 5 RS H OB A
INBEE, BGE i BB/ NS I G L Ik B A iR
Bk 1 48 W SN B B B 98 /0 i g af i
G9(AssrABhilAhilD) 2 JF AL A5 /0 5 48 P 40 g 5
L DB A, RELE F 43 DX S A O A
W NGRS, N B U S I 1T
BE AL AR S O, /N BRUFFIDE ™ EE T am
K REAMES . AR . Mk,
Ty s 0 (AR 1 NG s 7 N /87 INEAN
S [R] BRAER , /IN 25 W B W 8 T IR
;00 1= (P e =778 1 N 11778 %75 71 e B2 e e
JI 95 AR G Ik B /NG B G L O B 4t R T
2 (E 5)e
22 BRIPVITREEEREKEYR 2N
ELHR
22.1 FENRIEAEEERNESLS R

25 DR R R ik e SR AR R4 R AE /N BRUFFIDE |
T/ 0N g PR L, T L B o () 326 44 A A 2 T i
BN, 5 4 Keb, RN GY(ARilA)
G9(AssrABhil4hilD), JRIEHN G9(Ahil4) .GI(AhiID) .
G9(AssrABhilA)F G9(AssrABhilAhilD), DL /)N
W 8 GO(AhIlD)FN 3 A5 b 1) 28 T ot 350 35 3 W B
%56 R, JFEE G(AhIID) . G(AssrABhilAhilD)

FCEAKE, BEAENEAEE, DUR/IMAN GI(AhilA).
G9(AssrABhilA)F GO(AssrABhilAhilD) i) %5 Tt 14
KB . 55 10 KRBT, /N N SEDR Bk Ak 1 25
BB EM T EAMEP<0.05); 3 12 Kif, AF
JIE T B /)N B v R DR e 2 ek 387 S IR T AR b
(P<0.05) (K 6).
222 BEREUHNESER

B 48 R R AR AE LB [ A 37 5 b4 8L 4R
5, A BIEREBCE 5. 10, 15, 20, 25, 30 fUAYERE
T 75 MM, FIF ssrAB-F/R | hilA-F/R FI
hilD-F/R 5¥I%f E4T PCR 3, BiUlS MR Ha vk
Iy IARAS TN 1 562 bp F1 647 bp. 3 039 bp £
1 713 bp. 2 090 bp Fl 1 509 bp K/NHJH B &5
(& 7y, TR P RS WA R — 2. K 4 B
W 9 U0 1] EG P I PR s 2R Ak P4 R A A 18t % o
3 WS4

PRSI VR Z AT AR A, F2d@
15 YL K R W EA T A% X NN B AT AR BRI
G, AT 51 [ PR B M 8 R 2 4 BRI
i, BAEERAIE TR X gmin i
I R TR K 28 T 0 S B A7 28 T 7 T 9 9 0 AR s ol
o DL TR ALK 4 O T AT — VR R BAE (e R
FETERIWE R M e — B o) A8 P S
TE AR, SR R VDT FC R SE R TR dE bR TE
B TR [R] B RE O R A7 i f e Ji: , LA A
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100 pat -

100 jun1

BE5 BEEREMRENRERBRFEY FWE(200x)
Figure 5 Histological changes of organizations in mice
immunized with gene-deleted strains (200%)

W A JHBE; B: MUE; C: T ZH#EM; D: EM; E: F.
a: XTHEYL; b: GO(ARIIAYL; c: GI(ARIID)A 5 d: GI(AssrABhilA)
#H; e: GY(AssrdBhilAhilD)4H; f: WHEH

Note: A: Liver; B: Spleen; C: Duodenum; D: Jejunum; E: Ileum. a:
Control group; b: G9(Ahild) group; c: G9(AhilD) group; d:
G9(AssrABhil4) group; e: GY(AssrABhilAhilD) group; f: Attack group

A T
~ 6 i
I
=)
&
S 4t —~G9(AhilA)
5 —~—GO(AhilD)
= 5l —G9(AssrABhilA)
——GO(AssrABhilAhilD)
-G9
2 1 1 1 1 1
2 4 6 8 10 12
1(d)
B 7
@ 6
=)
=
Q 5t
@
2 4t —~—G9(AhilA)
g —G9(AhilD)
23l ——G9(AssrABhilA)
——G9(AssrABhilAhilD)
-G9
2 4 6 8 10 12
1(d)
c .

—~—GO(AhilA)
—GY(AhiID)

Small intestine Log,, (CFU/g)

3l —G(AssrABhilA)
—G9(AssrABhilAhilD)
, -G9
2 4 6 8 10 12
1(d)

B 6 /NRAEFAE(A). BEAE(B)FA/NZ(C) A [E) B 8] F Y
HE=E

Figure 6 Bacterial load in the liver (A), spleen (B), and
small intestine (C) at different days in mice

N AR UD T TG T 80 5 8 1 I S, AR S T
TP QT B o FE it

A58 kN BRI, X A A A
i) GY(Ahild) . GY(AhilD) . G9(AssrABhil4) Fl
G9(AssrABhilAhilD)iX 4 ¥R U1 ] FC B SE R Bk
PRI G2 B8ORS e PR TN E - 1gG P EHLIA
SRS 7 A B F PO, TR S i | R ]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4218 A

Microbiol. China

3039

1713

2090
1509

& 7 ssrdAB (A). hilA (B)FA hilD (C)514) PCR 3 iE
HR

Figure 7 PCR identification with ssr4AB (A), hil4 (B) and
hilD (C) primer sequence

IF: M: DL2000 DNA Marker; 1: G9(Ahild); 2: GY(AhilD);
3: G9(AssrABhild); 4: GO(AssrABhilAhilD); 5: EAKK G9;
6: FAMEXTHE

Note: M: DL2000 DNA Marker; 1: G9(Ahild); 2: G9(AhilD); 3:

GO9(AssrABhilA); 4: G9(AssrABhilAhilD); 5: Parent strain G9; 6:
Negative control group

K, BADIRMPUR GV, 2 A e
F 7 B R RGN A R A Sk S T g
LG, HyP ARSI 1gA SRZHAY
WEAM R, KE IgA HA7E— BT 2
BHL L A E R, R R s s A U
FEFESE 4 IR IA N, 4 BRI PR S ™ A 1
MIE PR 1gG PURFIA A 1gA Uik 2
b ELYY R X R AL o T 2 S
G9(AhilD). GY(AssrABhilAhilD)4177 A 11 1gA Hiik
WE T GY(AhilA) . G(AssrABhilA)FIEARR G9,

FEW i AR VD 17T TR DR il 2 Ak 2 /N U B ™ A
KL R AR AR % i T 28 P

T 40 E 25 S A G , SRR iy
AN, FEVD T TR e % A
Hrh CD4 43 TRES MHC 11 8 &Wsi4, it
FERH IR R S RN 1 CD8 4 F1ES
MHC 1 KE GY45G IR Ref ek A S
MEZET, feut CD8™ T 40 f Ay A2, FeEA
WY 4 FREE], CD4/CD3", CD8'/CD3" T
20 LR B (R P B W T R, B ST PBS
X RRAL, R R VDT | G SE R ek ik e /N BRUR
BE AL P 2 R P AN s e . B
B CD4", CD8" T kL4 T3 4 5 MHC 4311
A, ¥E58 MHC 2 FS5HURZI(TCRINEE G 71,
I . CD4"/CD3" . CD8"/CD3" T 4 ifs b i R/ 5
ZIN BB R8I B 55 =2 IR AP A E 2 DI AR

20 b PR — I 928 200 i 8 A 928 4 i
BN T2k AR, Eid 2Rk
FEAE R DA 4 52 AR (9 2 L BGERRI Js2 1 R
HUNL i A% L, Hib IL-4 Al TNF-B
REAIE F 058 200 B e 0 i 1 S 3o, R 40 S 8
KM TFN-y fEIE S E WA 1gG ZRM#&
i, AT 5 A W R e U
1fii TL-10 F1 MCP-1 & [F] Bt A S A4 V30 41 g £ 928
B, BRI BAAR B S RN AR R
4 PRIEDR SR i N BRI 30 IL-4 . 1L-10.
IFN-y. TNF-p #l MCP-1 [JfE J1 34 %% T PBS
YRR, AT A8 VD 1) R TR B R TR U R
RIS . MU TTIRE R ATE E0F, ke
200 L 76 6% A TR AR B SRR, R AT RS I 1
B, A R RN IR L A AR B R BR VDT TG
A0, K ECL 200 4 5 i T ke A 9 EL 4
LBy 22 70 LA G 8 o7 28 KT i 55, 2 S AL
PRAN M S8 Y A 2 — PO ABIFST 3L MTT
T VR A1 15 75 ML IR B2 240 L O o JFL 1 5 8 kA T DU
SE, SR BIRER G(ARIA)IME 3 BREEDR B bR 14
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AE 5 52 bk L AR M R G S R0, B GO(AiID)
G(AssrABhilA)F GO(AssrABhilAhilD)¥4 A 5 | i i
IR L A Y R G A, 3 SR AILAA B2 1 25 g

MR LTI RE, HEAR G HWEEN,
GI(AhilD). G9(AssrABhilA)F1 G9(AssrABhilAhilD)
/N BR80T 835 100%, GO(AhilA) K 80%,
¥4 5 1 PBS X R4 i A R FE VDT T IR AT A
HERR(CMCCS0115) B0y, 4 BRI Bl 2R A 6] /)N
BRI 52 SLARAP R L34 v TR BERZH o DA TR/
SUNE#S (R B SR R E R B, DIEAK G9
e R, /BB A O A O 2 4 R
T X/ NG TR B, S ERTE SRS, 2F Lk,
G(AssrABhil Ahil DY /INER PR3 T fern , %57 R
A LI R /N, GO(AssrABhilA) . GO(AhilD)
H1 G(ARIlA)IRZ .

5 DR TR DR T DA R Y 2 A v R LA B
BRI AR 2NN EERNRZ — AWK
PR 4 PRFE DR i 2R ik B SR AR R GO 34 RE R B A/ BRUH
JUE . REIE KoM oA, i L FE AR H R RS ] ZE 4K 1T 2
Wb, O 2 ORI, BRR AR SRASBRTE /N U |
JGLVE K /N N ) A8 B A TG 25 55 5 4—6 KA, &
FEEYARIEAE ; 26 12 RKIG e e Emwl, 5
EAMRZE AT T TIRERZE T 5 e 5 1
HRPY ) SRR B R S R, RS TETE Tk
PN B L C A FE AR 2B W i B, A A U R
TP QTR IS S v R . 3o, 4 BREEIR B2k
PRTE LB [BARE SR P RBEZALAC, MHEE 5.
10, 15, 20, 25 F1 30 fC KA BRREHHEE I HL UK 5%
B 55 1 AREREF— 30, RIHR VDT R L
Rk EA RAF R sE T e v,

i b BT i, G9(Ahild) . G9(AhilD) .
G9(AssrABhilA)1 G9(AssrABhilAhilD)iX 4 tk7
R IR T B TR (5 2 ik 245 75 7 AR EL A 2 )it
PE . SRR I A AR T RAF, A AE /D
RN PR TR R =N U NS o Y ekl <8 S X 5

M, FAT A R 5 v 1 ER T R TR TR el B 17
B AR AT

REFERENCES

[1] Castro-Vargas RE, Herrera-Sanchez MP, Rodriguez-
Hernandez R, Rondon-Barragan IS. Antibiotic resistance in
Salmonella spp. isolated from poultry: a global overview[J].
Veterinary World, 2020, 13(10): 2070-2084

[2] Clark-Curtiss JE, Curtiss R. Salmonella vaccines: conduits
for protective antigens[J]. Journal of Immunology, 2018,
200(1): 39-48

[3] ZhiY, Lin SM, Jang AY, Ahn KB, Ji HJ, Guo HC, Lim S,
Seo HS. Effective mucosal live attenuated Salmonella
vaccine by deleting phosphotransferase system component
genes ptsl and crr[J]. Journal of Microbiology, 2019, 57(1):
64-73

[4] Figueira R, Holden DW. Functions of the Salmonella
pathogenicity island 2 (SPI-2) type III secretion system
effectors[J]. Microbiology: Reading, England, 2012, 158(Pt
5): 1147-1161

[5] Saini S, Ellermeier JR, Slauch JM, Rao CV. The role of
coupled positive feedback in the expression of the SPI1 type
three secretion system in Salmonella[J]. PLoS Pathogens,
2010, 6(7): 1001025

[6] Banda MM, Zavala-Alvarado C, Pérez-Morales D,
Bustamante VH. SlyA and HilD counteract H-NS-mediated
repression on the ssr4AB virulence operon of Salmonella
enterica serovar typhimurium and thus promote its
activation by OmpR[J]. Journal of Bacteriology, 2019,
201(8): e00530-18

[71 Banda MM, Manzo R, Bustamante VH. HilD induces
expression of a novel Salmonella typhimurium invasion
factor, YobH, through a regulatory cascade involving
SprB[J]. Scientific Reports, 2019, 9(1): 12725

[8] Tang ZL, Cao K, Zhang L, Han MM, Luo CY, Li Y.
Construct of ssrAB, hildA, hilD-deficient in Salmonella
enteritidis and characteristic of mutants[J]. Microbiology
China, 2021, 48(4): 1195-1205 (in Chinese)

JEIEHE, W, SR, s, P, B8 B
IR ssrdB. hild, hilD FEF R T BR 16 2 J H A )27
FEPELD]. Y, 2021, 48(4): 1195-1205

[9] Li ZY, Zhang C, Zhou ZX, Zhang JH, Zhang J, Tian ZG.
Small intestinal intraepithelial lymphocytes expressing CD8
and T cell receptor yd are involved in bacterial clearance
during Salmonella enterica serovar typhimurium infection[J].
Infection and Immunity, 2012, 80(2): 565-574

[10] Chakroun I, Mahdhi A, Morcillo P, Cordero H, Cuesta A,
Bakhrouf A, Mahdouani K, Esteban MA. Motility, biofilm
formation, apoptotic effect and virulence gene expression of
atypical Salmonella typhimurium outside and inside Caco-2
cells[J]. Microbial Pathogenesis, 2018, 114: 153-162

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4220 A

Microbiol. China

[11] Bernal-Bayard J, Ramos-Morales F. Molecular mechanisms
used by Salmonella to evade the immune system[J]. Current
Issues in Molecular Biology, 2018, 25: 133-168

[12] Sekelova Z, Polansky O, Stepanova H, Fedr R, Faldynova
M, Rychlik I, Vlasatikova L. Different roles of CD4, CD8
and yd T-lymphocytes in naive and vaccinated chickens
during Salmonella Enteritidis infection[J]. Proteomics, 2017,
17(13/14): 1700073

[13] Zhao ZQ, Xue Y, Wu B, Duan LC, Chen HC, Tang XB, Hu

RM, He H, Li ZQ. Protecting mice from fatal Bordetella
bronchiseptica infection by immunization with recombinant
pertactin antigens[J]. Acta Microbiologica Sinica, 2008,
48(3): 337-341 (in Chinese)
RS, B, o, BIEN, BRI, ma%, MR,
fif ke, ZEhgnm. mA T H AT AR R & s /N BT
56 A HRHL 3G WL P FRAT 1T 4 BOE PRI [ 7], W)
2#4l%, 2008, 48(3): 337-341

[14] Ramani T, Auletta CS, Weinstock D, Mounho-Zamora B,
Ryan PC, Salcedo TW, Bannish G. Cytokines: the good, the
bad, and the deadly[J]. International Journal of Toxicology,
2015, 34(4): 355-65

[15] Zheng WP, Flavell RA. The transcription factor GATA-3 is
necessary and sufficient for Th2 cytokine gene expression in
CDA4 T cells[J]. Cell, 1997, 89(4): 587-596

[16] Coffman RL. The origin of TH2 responses[J]. Science, 2010,
328(5982): 1116-1117

[17] Hermann-Kleiter N, Baier G. NFAT pulls the strings during
CD4" T helper cell effector functions[J]. Blood, 2010,
115(15): 2989-2997

[18] Tsai PY, Ka SM, Chang JM, Lai JH, Dai MS, Jheng HL,
Kuo MT, Chen P, Chen A. Antroquinonol differentially
modulates T cell activity and reduces interleukin-18
production, but enhances Nrf2 activation, in murine
accelerated severe lupus nephritis[J]. Arthritis and
Rheumatism, 2012, 64(1): 232-242

[19] Warren A, le Couteur DG, Fraser R, Bowen DG,

McCaughan GW, Bertolino P. T lymphocytes interact with

hepatocytes through fenestrations in murine liver sinusoidal

endothelial cells[J]. Hepatology, 2006, 44(5): 1182-1190

Liang HW, Zhu WY, Feng B, Wang JF, Zhang T, Mu X.

Application of MTT method to detecting rat peripheral

[20

—

blood lymphocyte proliferation[J]. Chinese Agricultural
Science Bulletin, 2016, 32(26): 21-26 (in Chinese)
R, RET, W, EaW;, skik, B MTT %6
A B A Tl L b T2 0 i S 0 AR S T D). b ok
2FIER, 2016, 32(26): 21-26

[21] Kuzminska-Bajor M, Grzymajlo K, Ugorski M. Type 1
fimbriae are important factors limiting the dissemination
and colonization of mice by Salmonella Enteritidis and
contribute to the induction of intestinal inflammation during

Salmonella invasion[J]. Frontiers in Microbiology, 2015, 6:
276

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



