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Comparison of the changes in TLR4-NF-kB signaling pathway in
infant and adult mice infected with influenza virus
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[ Abstract] Objective To compare the changes in TLR4-NF-kB signaling pathway in infant and adult mice
infected with influenza virus, and to provide experimental evidence for the study of immunopathological mechanism in
pediatric respiratory virus susceptibility. Methods Immunohistochemistry and RT-PCR were applied to detect the
expressions of lung TLR4 and NF-kB P65 mRNA and proteins in the infant and adult mice, and to compare the changes in
TLR4-NF-kB P65 signaling pathway after infection with influenza virus. Results (1) The infant model group showed the
strongest expression of TLR4 protein in the lung tissue, compared with that in the normal group and adult model group
showing significant differences (P <0.05). (2) The expression of NF-kB P65 protein in the lung tissue was strongest in
the infant model group, and it was gradually increased over time, showing a significant difference between each time point
and the next time point (P <0.05). (3) The infant model group showed the strongest expression of TLR4 mRNA in lung
tissue, significantly higher than that in the normal and adult model groups (P <0.05). (4) The expression of NF-kB P65

mRNA in the lung tissue was highest in the infant model group, and significantly higher than that in the normal and the
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adult model groups (P <0.05), and it was gradually increased with the time. Conclusions The over- activation of TLR4-

NF-kB P65 signaling pathway may be one of the immunopathological mechanisms of serious injury in the lung tissue in

infant rats.
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X mRNA 7ER RN ARk, FLAAS TR] BRI /1N
FUBYL 7 B T 5 TLR4-NF-kB P65 {5 53 B& 19 2L
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ELBH/INEL, W 15 G, ME I 450, BB 4520, 4 il

Influenza virus; Toll-like receptors; TLR4; NF-kB P65; Respiratory infection; Infant rats;

BLE3 ~4 JH# A 12 14 g I ELIE 8 — 12 JH
% AT 20 28 g, ML T HEZRFELE Y
DR AR P B UES : SCXK (L) 2003 - 008 , i
BAEIES . SYXK (11)20090002

1.3 UE5RA

13,1 FBAULS K& I REY LA (R E
Baker 2\ 7], 5. SG403 TXCE) ; 4% B #5411 1 #L
(RM2135, 8% | Leica ) ; 8] ¥ 2¢ Y6 . 8% ( Olympus
BX50) ; RE AW 86455 ( BXSOF4, H A%, Olympus) ;
EELA FAY (ZMN-6802, H M TR TF AR ; &
KRS RIRK RS (L PR AR i TR BR A
A]) ;AR2140 HL T3 KV ( iAW) s H
PE IR T 46 (GZX-DH. 400-S- 1 , |3 BRE B2 IR
T 5 HUAGE KT A (101-0A , K2 AU 2%
AR 4K L Milli-Q, 22 Millipore ) ; {1
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L TR Z R FE T ) 5 P I AR A AL (JY92-
I, T 2 BB T ) 5 8 B - 43 X ( DU-
600, 3£ [ Beckman) ; PCR 1% ( PE-9600, % [ Perkin
Elmer) ; LKL ( EPS-300, iERAE) .
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5 W, 7E CBARRIE T 48 5 s 220 B R B 7 FM
PR, B A A — AR BE (0.05 mL/ H) 5 2 ES
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TARR(RE)ARAF G, FHIWE L,
FLYK : RT-PCR 7= #) 48 2% Bt IR A L bk | FiL 1B 4%
R 5V/cm, IRAL 2 BE G2 05 2 AT R WS 4 S
D% 98
S5 N R BEEEIE 43 A R Gtk 18 o A
HUKEE R, NS O bRiE S T2 2 b, 15
A3 TLR4 8¢ NF-kB P65 X} & = TLR4 5 NF-«B
P65 e LK SR SR/ N S LUK SR SR
1.4.7  SEi2#05%: R A SPSS 11,5 Geib 4k, it
VORISR 2 RS (x5 ) FOR, 2 DAL
BMRHBNET Z 0, P<0.05 Z5 A %1%

2 &R

2.1 FE IV #k3T MR FEEILE (LD, ) illE
BN IV J5 ESWER 14 d, /NRBET:

T ILEE 2,
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Tab.1 Sequences of the primers

KRR 519151

P BRI

Test index Primer sequences Amplified fragment length
GAPDH s ACC ACC ATG GAG AAG GCT GG 3
TiE s CTC AGT GTA GCC CAG GAT GC 3 11528 bp
TLR4 s GCACTGTTCTTCTCCTGCC 3
TS GTTTCCTGTCAGTATCAAG 3 i1 293 bp
NF-kB P65 s ATGTGCATCGGCAAGTGG 3
TiE s CAGAAGTTGAGTTTCGGGTAG 3 11294 bp
F2 DNREF IV EFETEN
Tab.2 The number of mice died after type IV influenza virus vaccination
N2 Mt C ati : s
e — - p_— FLE BT Cumulative total .. p(E;j,)};
Virus Number of Number of Number of R R T . .
. . . S . . Mortality Mortality
concentration vaccinated mice Surviving mice  Dead mice Surviving Dead rate
mice mice
10! 5 0 5 0 19 19/19 100
10 -2 5 0 5 0 14 14/14 100
103 5 0 5 0 9 9/9 100
10~ 5 2 3 2 4 4/6 66.7
10 -3 5 4 1 6 1 1/7 14.3
10 -6 5 5 0 11 0 0/11 0
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1 Reed F1 Muench 2335 LD, .. FEE 1L
B = 15T 50% FLT A 534X - 50/ 1 T 50% [FET
- KT 50% MFET-H 74 = (66.7 -50)/
(66.7 —=14.3) =0.32; LDy, = 5T 50% BISET- KR
T MR XT A + B =4 + 0.32
=4.32,
22 REALERNARRAESHMRMAR
TLR4 NF-kB P65 EH K%
2.2.1 ABFESA AN RIS TLRE 3R 40
U TE 5 2H AR TF 5 20 X5 AT DLAG I ) /D 5 1Y) TLR4
EERE, B S, FARAER LR #F
PE(P>0.05), ZhiAIZH TLR4 75 A #ik ik, H
Bt I R HERS IR B WA, 7050 5 KIRFIE(H ; 4
BRI ZH 5 R 2 A O A2 [ 8, 22 R I ELA
BEME(P<0.05), MEAHAIZ] TLRY & #2555
T IEEH AL T YR B R4 (5 IE & 4 M4 i
FERIZH HE#E P <0.05) (% 3)
2.2.2  AFEIE A& AU/NRIGZ4Z] NF-«B P65 2 H
FEIR SIS T H AURN B TE F 4L X8 mT LA I 3 20
) NF-kB P65 8 ik, HA5 1 S g, R Rk
25T ENE(P >0.05) . ZhiHRIZH NF-«B P65

R AFRIA IR R, H Bl 25 B[] 25 £k 3R 18 34 W 14 0
— I [ g5 Rl — B A i B B AR (P <
0.05) ; NI BRI 20 5 1F 8 2 A S AR 40 L, 2R
HRBHAZRA R EME(P <0.05), BRI
NF-kB P65 #1335 (7 T 45 IE % 41, HAR T4 i 4
AU (5 1E 5 A AR AL L8, P < 0. 05) , ik
BRI R B A DR E S e E W ES (P >
0.05)(#%4),

2.3 RT-PCR ZEFMARN S &H/NRMALRMN
TLR4 NF-kB P65 mRNA &ix

2.3.1 AN S/ 21 TLR4 mRNA 3
IR L A TE 2 A L 2l 2E 2 R LA )
D TLR4 mRNA 3Rk, H AN 5 S, mRNA
KRR EEZR(P>0.05), 4R REIZ TLR4
mRNA Fikigeam , HFEE P e RR B Wi o, 7x
955 RINFE(H , TLR4 mRNA & kG os B 5 2
FL{EkF] 1. 8351 £0. 0110 ; 2 AIZH TLR4 mRNA
WA & T IE R AU R A R ], B 2= 55 (P
<0.05) , JEIAHIZH TLRAMRNA 5 T4 15 #
A ARMR T YA AL 2 (5 1F % 2 R 4l i A R0 20 L
B,P<0.05), (Z5HRNES)

K3 HHPEIMHL TLR4 TP EEE(x 25, n=10)

Tab.3 Integral optical density of TLR4 in the lung tissue of each group( x = s, n=10)
A5 1d 3d 54d 74d
Groups 1 day 3 days 5 days 7 days

1. 0899 +0. 0302
1. 0921 0. 0456

1.9737 +0.1021* ¥
1.2123 £0.0364® Y

K% 1EH 20 Infant normal group
Y IE H 4 Adult normal group
KA ALAIZH Infant model group
JIRFERIZH Adult model group

1. 0896 0. 03109
1.0913 0. 03385
1.9832 +0.0057* YU
1. 3349 £0.0543® YU

1.0888 +0. 05431
1.0909 =0. 12455
1.9907 +0.0125* Y™
1.4012 £0.0382® Y

1.0884 0. 0016
1.0899 +0. 02645
2.0371 £0.2334* YW
1.5307 0. 1106® Y™

T SIEWALRE . " ERFEES,P>0.05;VHEEES P <0.05, SAHBFRIAHE.CERLEE,P>0.05;® 254 BEM, P <0.05,
RIS S 2R TR E P >0.05;* ZFA BFM, P<0.05, SHET—MAA L. DERTRENE,P>0.05, WERA BENE,P <

0.05, F .,

Note. Compared with the normal group: ¥ P >0.05, non-significant difference, ¥ P <0.05, significant difference; Compared with the infant model

group, P >0.05, non-significant difference, ®P <0.05, significant difference. Compared with the adult model group: * P >0. 05, non-significant

difference, * P <0. 05, significant difference. Compared with the previous time point; 5P >0. 05, non-significant difference, ™P <0.05, significant

difference. The same as below.

R4 BH/NEIFHL NF-kB P65 FRAMHEHE (2 +5, n=10)

Tab.4 Integral optical density of NF-kB P65 in the lung tissue of each group( x +s, n=10)
bl 1d 3d 5d 7d
Groups 1 day 3 days 5 days 7 days
A ﬂ:,m.g
AR IR 4 1. 7232 £0. 0562 1.7497 £0. 03209 1. 7486 +0. 0823V 1. 7470 = 0. 0045
Infant normal group
i 4
B I 1.7906 +0. 0534 1.7884 +0. 057115 1.7889 0. 00781 1.7901 0. 03241
Adult normal group
it T RIvE:
iEURAl 2.3784 0. 1112* Y 2.7743 £0.0127* Y™ 2.9456 £0.1210* Y™ 3.2201 +0.0213* Y™
Infant model group
AL 20

Adult model group

1.9231 £0.0267® Y

1.9499 +0.0913® YU

1. 9407 £0.3506® Y5

1.9423 £0.0759® Y2
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x5 KA/NEMLZ TLR4 mRNA 3E35(TLR4/NZ ,n=10, % 5 )
Tab.5 Expression of TLR4 mRNA in the lung tissue of each group( x s, n=10)

2051 1d 3d 5d 7d
Groups 1 day 3 days 5 days 7 days
1A ﬂ:,m.g
AL 0. 5723 £0. 0661 0. 5699 +0. 04795 0. 5810 0. 1003" 0. 5743 +0. 0528
Infant normal group
i IE 4L
SRR IEH 0. 5902 +0. 0424 0. 5844 +0. 0231 0. 5866 0. 10285 0.5901 +0. 04775
Adult normal group
Iy A ¢
AR Bl 1. 6564 +0.0157* ¥ 1.7874 £0.0227* YW 1.8351 +0.0110* Y™ 1.8323 +0.0685* YU
Infant model group
i BEE

Adult model group

0.7145 £0.0578® ¥

0.7539 0. 1453® YU

0. 7887 £0.0136® Y

0.7890 0. 0279® YH

R 6 KU/NRIZL NF-«kB P65 mRNA ik (NF-kB P65/Z ,n =10, x +s )

Tab.6 Expression of NF-kB P65mRNA in the lung tissue of each group( x £s, n=10)

2051 1d 3d 5d 7d
Groups 1 day 3 days 5 dasy 7 days
1A ﬂ:,m.g
AL 0. 7467 +0. 0135 0.7516 0. 04385 0.7523 0. 10125 0.7504 +0. 0698
Infant normal group
i IE 4L
B I 0. 7506 0. 0012 0.7532 0. 0569 0. 7521 0. 2346" 0.7518 0. 0787
Adult normal group
Iy A ¢
A 2.1325 £0.0031* Y 2.2456 £0.0357* Y™ 2.4162 £0.0080* Y™ 2.4172 £0.0176* Y5
Infant model group
i BEE

[ 4
Adult model group 0. 8914 +0.0358

0.9147 £0.0316® YH

0.9139 +0.0136® YH 0.9161 +0.1345® Y

2.3.2  AS[A B A A 4/ BRI 41 41 NF-kB P65
mRNA ik . 2l % 1E 2 AR % 1E 5 21 il 20 213
A ARSI F) /4 5 NF-kB P65 mRNA ik, 76 W
L5 1.3.5.7 K& A LA, mRNA Eik 27
ToEFEPE(P >0.05), 4k B A 4 NF-«xB P65
mRNA FiEf R, H & T2 i e 3% 15 3 W 1 o
YIBRE R 4] NF-xB P65 mRNA B Wi /& T 1F % 4 Al
AT 22 5 B B (P <0.05) , ik
RIZH NF-kB P65 mRNA 23k T 4% 1E % 41, B
T4y W MR A (5 IE B 4R 4l S AR R 4 e A
P<0.05)(#£6),
3 iTig

FH A 350 8 2 1 BOR PE B T 18 E 5 R 2
IR, B BB TE 5, i s — & R i
P , LAV 45 5B o S BE B A R G, Toll MEAZAK
(Toll-like receptors, TLRs ) J&— 2895 Ji 43+ iR 51 %%
1, 5 A1 Medzhitov T 1997 AR SRR Py IS
TLRs RERS IR AR, A A5 5 i 48 A
NS R T NI SRS IR N PN A BT R R G R
RBEPT . BFFEE M, TLRs 5 HAH I Y BC R4S 4 )5 ik
555 Sl 15 5 10 2 B A T g 2 R 19 0% 1 3=
ST e X (e ic e N S Rl /12 e N S Rl < R A P

T U R S R LI Ay 7 5 DN 2 $E AR
AR 158 0 DB A 9 DA R 48 E S e e 0 |
TLRs 2 B 3006 5 S A e P R R I R i, D fefi 26 4
NINE R/l e TN

TLR4 J&: 85 5858 A Toll BEZZ AR, &2 4>
bW R B 2 WF ST IR R RE AR, AR AR
AU TLR4 78I GE A8 45 R oA B BRI,
FE 2R 05, TLR4 76 w7 40 B RN P Bz 20 B 26
Ak HS RS B A P B IEORT Y R R
B AT T 2R MR 7 b 2E 0 A R R
I, B 225 | L w200 L 9 i) AR i ok 1t 6 952 4 4
UL RPE RN R A5, B S F NF-xB J& TLR4
TSN T2 —, & H Rel A Z %P4 H
P B —RAKSE G Horb iy P65 AT PSO 4 Y
SR R AR B A R TLR4 U5 2 R 2 bt
Ji, Z 4~ TLR B [W) 36 b, 38 5o 86 4 2 1k 2 1 88
( MyD88 ) {5t i) {5 5 38 6 Al MyD88 4K i i) 5 5
A S NF-kB 7244

AT 5T A TV U I R R 40 S0 R e 4 i
SRR R % BRI FH B0 9% 4 814k 5= 2 R A RT-PCR
F ARG A [ B /s B 40 40 TLR4 F1 NF-kB
P65 MIEE 1 mRNA [ R ILEI, gl fbss
7R« 41 IE H A0 R 1 H 2E E R LA I ] /b
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= [ TLR4 \NF-xB P65 5 H %15, H& A0 A
BEARKIESFTEEE(P>0.05), FiHH
RIZH B RGN Fei , LB 25 e () A8 £k 3R 58 74 i 3
g 5 AR A AL 20 TLR4 Fil NF-xB P65 5 H £ A&
T4 IE 8 41, HAR T 4 #5155 8 21| 7 4% A B Ja)
EZRTLEEM(P>0.05), RT-PCR il 45 31 i
TN A1 TE 2 RN BRI T AL il 26 2 85 ] ARG

F|/L &) TLR4 .NF-kB P65 mRNA ik, 7F W 5%
B1.3.5.7 REANB A A, mRNA ik o &
PEZF (P >0.05), 4 #iA 4 TLR4  NF-«xB
P65 mRNA ik fe i , B b & T 1F 5 4 R B i 5
RIZH | H B s T2 2 Jie 3 8 320 i 39 5 5 ol 0 A5 Y
20 TLR4 NF-xkB P65 mRNA ik T & IFE# 4,
AR F 4 s A

WS 25 RFIA , 1E /)N U 2 23 b A AT oA

F|/ ) TLR4 Fl1 NF-kB P65 2635, FH Vi JBR 75 /5%
Yo/ NG, TLRA-NF-kB P65 15518 K2 A B I
W, I H B A e TR R 3R A o 5 B 04K T 4 )
#, i)élﬂ)%/uzi i B B Y R TLR4 ﬁ%éﬁﬁvﬁf?ﬁ@
RBAK, bFXTKIEJﬁ TTWF5E e B, AN ] R
# /N B TLR4-NF-kB P65 {nm_ﬂﬁzﬂmﬂ“$ﬂ
iy BRI 7 5 B 212 TLR4 NF-kB P65 &
ﬁﬁ%ﬂm,ﬁﬁ&ﬁ%ﬁw/\mn%l}zﬂm CIgvEis
W FETRRE B 2 B0 T, 2l B T R4
KEBATE e kRS "4 TLR4 1Y B0 ,
T2 NF-kB P65 S5t FETG Ak, ITTT 5 1R & K
SRR, T BB G RS I A, o s I e 5 0
PREGIAG LE s U™, BRI , ARBFSETE TLR4-NF-kB
P65 {553 #% 1R /N LIt B B 2 Ik 1) S92 22 AL
AL T —E ML IIE, 244%, BT Toll FZ1K
W5 S B I ¥ e RAE T AR 2, A8 T 45 25
AT BN Forb B A R i BIL I A 75 24 5 T
JEERAFANE BT
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