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[HE] B HERE BB/ BUSY R R 3 )5 TLR4-NF-kB P65 {5 53 BEA0s e i il . A3k RA%
FEH AL RT-PCR F AR A [F] Rt R 12 H TLR4 F1 NF-«B P65 7R [ ) mRNA (133K, LA [R] B Jak e
TR RS (E Sl M O E AL, B8R (1) IiZH4 TLR4 R 11 383K . 4RI 4H TLR4 | 1 F3k R, 5 E WA
RIS R A oA, 2 R B WM (P <0.05) . (2) fili4d4] NF-B P65 #1131k . 4 WA I 40 32 ik ok, LB
WA AR Ab Fe R 20 b 5 | B — B () o5 S — e RS b 22 S5 A B (P <0.05) , (3) filid1 41 TLR4 mRNA 3%
K AR F R i, W R T IR A A A R A 25 S B A (P <0.05) o (4) 441 NF-«B P65
mRNA Fik ; IR Fe Tk B0 , BB R J ek R M o 15 1E o A A T A A e, 2 R B B (P
<0.05), #5it TLR4-NF-xB P65 {5530 I (1933 B 1% Ak, 7T RS2 40 BRUM JE 4602 9o B 403 7™ A BIL R =2 —
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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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Toll F£3ZA4 (Toll-like receptors, TLRs) 1E R AE 4%
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ST RIE T AN, 7= A B 2RI A5
FNE B T NF-kB IFN 5 5 [H 145 5%
PR3 1, R 35k 20 e R 7 %) 7= A, DTG I s ATLAAR 1)
AR FRAF L G028 TN, ASBIR ST DR R RS TV
FRUMA 5 07 R SR g /N B, 07 P B 928 41 44k 2% Bl RT-
PCR FARKI /N Uit 41 41 TLR4 Al NF-kB P65 [
H K mRNA 7EARIIS 55 2R3k, FLEAS [A] B /)N
FUB L 8% 75 5 TLR4-NF-kB P65 {5518 J% 1 2l
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(HINL) , [ i By = 27 Bk 22 00F 92 B 0 2 F 5% 9T 42
ftOHRAF T T ENRFRRELE, MIEEAE9
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BLIE 3 ~4 A 1A 12 - 14 o IR RIE 8 - 12
1% AT 20 -28 g, ML T HEZKFESL S Y
OARE, A2 B AR IE S : SCXK (1) 2003 - 008, ffi 1]
BARIES . SYXK (1120090002 ,

1.3 E5iRF

13,1 FZAUE S a1 R A&l (EE
Baker /3 7], 5. SG403 TXCE) ; 45 B #4511 1 #L
(RM2135, 78[5, Leica ) ; 18] # 2¢ % B 788 ( Olympus
BX50) ; &4 A4 W) W8 ( BXSOF4, H A%, Olympus ) ;
L A IAY (ZMN-6802, F M i ERIE AT &
K2R (PR ALY P & A R
A]) ;AR2140 HL T3 KF- ( BB A W) 5 H
POE IR T HRAE (GZX-DH. 400-S- 11 , b3 BRIFEEEIT X
fr) ) s LA T A8 (101-0A , RHEZ B Rr AU 2%
HIRAF]) ;4K PL(Milli-Q, 22 Millipore ) ; 1
VKA (MDF-382E , H 7S Sanyo) ; {2 250 L (1
Heraeus , Biofuge 28RS) ; Hi, Zh % 5 5] 3 HL ( DY89-
L, TR0 Z BRI ) 5 B S A Ry AL (JY92-
I, TR 2 RS BE T AT ) 5 88 F B2 73 B A ( DU-
600, 35 [ Beckman ) ; PCR X ( PE-9600, 3 [# Perkin
Elmer) ; HLIK{X ( EPS-300, | i RAE) .

1.3.2 e ik, —3i, — ik & . DAB &b
R G (DU AR Y TR FRA R, A4t
5:2009 4E 5 H ) ; PBS Z bl  ZE MK MR I
IARE FEIRZE AT

1.3.3 RT-PCR &7 : Trizol B RNA $2BUR 7] (it
5 :1203406 , Invitrogen 2 7] ) ; RT-PCR i 7 & (it
*7: Bk2701 ) , DEPC ( #it *. BBI0916S03 ) . DNA-
marker DI.2000 (it 5 ;: CB3301) ,1V GAPDH ,TLR4 ,
NF-kB P65 5935 i 4 ) T 72 (K& ) A BRA F

(TaKaRa) 4%,
1.4 FHik
14,1 BV RO 2 ML AR X /N B2 B3Ot &

(LDg, ) By S o HINT 3% 35 )5 10 35 6 JR 48 W
(IMEEE 1:1280) 10 £5 RINFERE 6 U (107
~107%) K 30 Hahit EE AN FENL A 6 41, R4
5 W FECERRRIE I 488 e e Fh F R B 7 FMIL
B, B AR A — ¥R BE (0. 05 mL/ H) 5 i 2 M2
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1.4.2 2 ARYEFEALECT- 3R K 160 HELHAF
INETBEDLA 4 20, 530000 SIS RLA 40 H
BIRIZE 40 2 s IEF X HEZ 40 L pis 1IE 5 X HE
2H 40 A,

1.4.3 BRI ). BRI H 4 B A, & Y rE B
MR SCIHERL 61, B 200 mL AR, A H i B T4 14T
B TAR B ATCK ik =R IR BN B A AGHE
R e, UL /N BB B % ar )5, B 2 6
FE IR 20, 5 E G RN RIE R L S,
FA 5 8345 851 151D, IV 3 0. 05 mL, 757 TV B
ANERBEHY  TE A [ S0 T e A S AN N
FERY ALK

14,4 FRARKUM . £ HBAL 0 T B a4 1.3,
5.7 R, BCSPEM, A4 HC10 H, gl
SR 20 205 728 T B R i R 5 BB/ A i v A T RT-
PCR A0 5 A M0 fii ik g B e Be 2 Ak 2 G

1.4.5 SABC % 2H 214k 2 e £ 2k A ) il 20 21
TLR4 NF-«kB P65 #1353k : TLR4 \NF-«kB P65 %1%
L L2 IR A e B &5 B B 1A T, SR AL
IR ST HT R G X YL O 25 R AT/ B, B2
ST USRS 7 20 i H B A B 2 SR A o
Fik o BHVERFE W . B0 R B 10 A S B i

S0 At 28 2 b BH A A0 i 7 R 3 0 2 A, ROH
BB iz A I 2
1.4.6  RT-PCR % £ Wl fifi 20 21 ) TLR4 , NF-xB
P65SmRNA 3k . &L RNA $2HL. &1 RNA &8 [ R
ST E Ay T A T, T AL RNA i,
WikESE cDNA  BUEL RNAT pL JTA 20 plL i 52
SR Z TLR4 \NF-«B P65 GAPDH 5|9 5 4= 4
TR (RE)ARA RGN FHIWE L,
HLYK : RT-PCR =¥ 45 2% B R vk | L R 4%
A 5V/em, IR AL & 58 G 6 5 L HMT T WE R 5+
B8
G55 L R BEBE I 0 A RS AR A
HLUKEE R, DN S O bR ifESE T & b, 15
33 TLR4 8¢ NF-xkB P65 X} & = TLR4 5 NF-«B
P65 ) HL UK S5 i B/ N S LUK AR AT IR B
1.4.7 SEit2E053: R A SPSS 11,5 it 4k, it
VORISR 2 RS (x5 ) FOR, 2 DAL
BMRHBNET Z 0, P<0.05 Z5 A %1%

2 #HR

2.1 EAE IV #R3TNRFEBIEE (LD, ) KillE
FUUNREF IV 5, S 14 d,/NRIETS

THMILEE 2,

=1 519F5)

Tab.1 Sequences of the primers

KRR 519151

PR B

Test index Primer sequences Amplified fragment length
GAPDH L5 ACC ACC ATG GAG AAG GCT GG 3
NiF 5 CTC AGT GTA GCC CAG GAT GC 3 11528 bp
TLR4 s GCACTGTTCTTCTCCTGCC 3
TE S5 GTTTCCTGTCAGTATCAAG 3 it 293 bp
NF-kB P65 L5 ATGTGCATCGGCAAGTGG 3
TS5 CAGAAGTTGAGTTTCGGGTAG 3 71294 bp
Fz2 DRI IV ERIETIEL
Tab.2 The number of mice died after type IV influenza virus vaccination
o . .
R AR ELE EE L FLZ BT Cumulative total \ W%
Virus Number of Number of Number of R LT %FFK (% )
. . . .. . . Mortality Mortality
concentration vaccinated mice Surviving mice  Dead mice Surviving Dead rate
mice mice
10°! 5 0 5 0 19 19/19 100
102 5 0 5 0 14 14/14 100
1073 5 0 5 0 9 9/9 100
104 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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L Reed 1 Muench 233X 118 LD, .. B ES 1
B = 155 50% FLT A 534X - 50/ 15 T 50% [FET
B - KT 50% FET-H 4350 = (66.7 -50)/
(66.7 —14.3) =0.32; LDy, = 55T 50% BISET- KR
T MR E XS + B s =4 + 0.32
=4.32,
22 REALEIRNAERSEHNRMALR
TLR4 NF-kB P65 EH KA
2.2.1 ABEASA/NEZHZ TLRA B H KL 4
W T & 2H RN B 1% E 8 2H 2 R DUR I ) /0 5 Y TLR4
HARE, BSOS, AR EF LW #
PE(P>0.05), ZhidiRAIZH TLR4 2 &k ik, H
B B R HERS R T G, 750 5 RIRFIIEAE ; 4
WAR T ZE 551 5 2 MBS RS 20 e, 2 S ¥ HLA
BEME(P<0.05), MR TLRY & 1355 5
FAIEF A, DR T2l i B R 2 (5 16 5 41 Fn 4 i
FERIZ L, P <0.05) (£ 3)
2.2.2 AR5 AU/ U220 NF-xB P65 7E H
FEIR L SIS T H AURN B TE F 4L X8 mT LA I 3 2D
) NF-xB P65 & 11k, HA 05 i, /b
ZFTREME(P >0.05), IR EAIZ] NF-kB P65

IR A, LI A B 8] 45 fb 3% 3K 3 i 4 0
— S [E] SR — B ] R B BE AR (P <
0.05) ; IR B2 5 1F 8 21 A I B AL 4 LU 8, R
HRIABAZRA B ENE(P <0.05) BRI
NF-kB P65 i [ 35 7 T 45 IE 5 41, HAR T4 i A
BRI (5 1E % AT A L8, P <0.05) , ik
BRI B R IR S AT E S TR EEER (P>
0.05)(%4),

2.3 RT-PCR E# ARG BT = & B/ R A 48 40
TLR4 NF-kB P65 mRNA FKix

2.3.1 A[FEET A /N R 2420 TLR4 mRNA 3
K« W05 T 2R B 1 2w 4 2 85 AT AR T
/DY TLR4 mRNA 3Rk, H A 5 LS, mRNA
TR ENLR(P>0.05), ZiBHREIZ TLR4
mRNA Fikigeak , HFEE T e RR 8 Wi o |, 75
%55 RIAFIE(H , TLR4 mRNA 2 SR I 3 B 5 P 2
FEAE A ] 1. 8351 +0. 0110 ; 23 U4 TLR4 mRNA
B s T IE R AU R R el B S 2= 5 (P
<0.05) ., JHIHAEIZH TLRAmRNA £k T4 154
H BN TR SR (5 1E W A Zh  A AL 4 [
B .P<0.05), (Z5HEWES)

£3 SUU/NEINAEL TLR4 BUMEEEE (% + 5, n=10)

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

K5 1E % 21 Infant normal group
Y IE H 40 Adult normal group
KR AL AIZH Infant model group

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

1.9737 +0.1021* ¥
1.2123 £0.0364® Y

1.
1.
1.
1.

0896 0. 03101
0913 0. 03385
9832 +0.0057* YU
3349 +£0.0543® YH

1.0884 =0. 00165
1.0899 +0. 02645
2.0371 £0.2334* YW
1.5307 £0.1106® Y™

1.0888 +0. 05431
1.0909 =0. 12455
1.9907 0. 0125* Y™
1.4012 £0.0382® YH

AR RIZH Adult model group

T SIERARE. " ERELR,P>0.05; YV HBEER P <0.05,

SO IR . C B R R E P >0.05;® £ 7H BEM, P <0.05,

SR R R R LR E P >0.05; * ERABE, P<0.05, Sii—mTH MK . CEREREE P>0.05, " ERE R EE 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 FRMHEHE (2 +5, n=10)

Tab.4 Integral optical density of NF-kB P65 in the lung tissue of each group( x + s, n=10)
2051 1d 3d 54d 7d
Groups 1 day 3 days 5 days 7 days
1A ﬂ:ﬂit»z
LTS 1.7232 £0. 0562 1. 7497 +0. 03205 1. 7486 +0. 08231 1. 7470 £0. 00455
Infant normal group
i IE 4L
B I 1. 7906 +0. 0534 1.7884 +0. 05715 1. 7889 +0. 0078" 1.7901 +0. 03245
Adult normal group
Iy A ¢
At 2.3784 £0.1112* Y 2.7743 £0.0127* Y™ 2.9456 £0.1210* Y™ 3.2201 £0.0213* Y™
Infant model group
i B

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 KUH/NEMAZ TLR4 mRNA F£3iE(TLR4/INS ,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
WIRIEH A
elk 0. 5723 0. 0661 0. 5699 +0. 0479 0. 5810 0. 1003" 0. 5743 +0. 0528
Infant normal group
G 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 ¢
At 1. 6564 +0.0157* ¥ 1.7874 £0.0227* Y™ 1.8351 +0.0110* Y™ 1.8323 +0.0685* YU
Infant model group
ey B

Adult model group

0.7145 £0.0578® Y

0.7539 0. 1453® YU

0. 7887 £0.0136® YH

0.7890 +0.0279® YH

R6 BH/NEIMLLL 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’é
QLR 0. 7467 +0. 0135 0.7516 0. 0438 0.7523 £0. 10125 0. 7504 +0. 0698
Infant normal group
G IE 4L
SRR IEH 0. 7506 0. 0012 0.7532 0. 0569 0. 7521 0. 2346" 0.7518 +0. 07875
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
ey B

[ 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 4/ B 41 40 NF-«B P65
mRNA ik . 2% 1E H 20 AR 8% 1 # 4 il 2 213
AJ LUK I 5] /b HE ) NF-kB P65 mRNA 3k, 76 W
A 1.,3.5.7 RS A, mRNA ik 2R
Toi ZE (P >0.05), %1520 NF-kB P65
mRNA KA f R , H R & 5 B2 1 Je 3R 58 3 W o
BRI 4] NF-xB P65 mRNA Bl & &5 T 1F 5 41 Fl
AR | 22 5 B WM (P <0.05) , AR
K12 NF-kB P65 mRNA ik & T4 1E % 41, (2 4%
T4 i B R 21 (5 IE R 4L RN & e A TR 4] L g
P<0.05)(%*6),

3 itig

HH R 3 JR 2 19 SO PR BB T £ 5 REZ
Y HR . DiE 8 e TE 305, B g — I R iy
PESONL , A 4% 58 73 S P B i R 5t . Toll FEAZAA
(Toll-like receptors, TLRs ) 4& — 2% J5 43 1 Rl 32
1A, 7 Medzhitov T 1997 ARTESMRIA P 3™
TLRs AERS UG ISR, AT 05 5 5 S A, R
FELR 1R 7 £ DT IS SIBILAARS 1) R AR FIAR A5 B 2
R WF5E I, TLRs 5 HA N B B IR LS & )5 i
555 Sl B 175 S e 32 By 18 2h RE i PR 9 0% 1k 3k
ik AR R PRGN A 1 SR AR A T e

T U R o 1 R I Ay 7 5 DT 2 $E A
AR 158 0 DBl A 9 DA R 4 E SR e e R |
TLRs 12 BEE 5 S 4 9 PR R 1R s B, Wl fefi 2 4
TR B e R A R A

TLR4 JE:H5 7 %58 92K Toll BEZ A, 224
Ik BEIE B 2 WY R TE R R REZ AR, A BT R
AT TLR4 78IS A8 45 0 oA B BB R
TEZPERT 05, TLR4 76 PR 40 B RN P 2 20 i #0
A ek, HE RO A P IR P TR B R
WG AT T 2RI 2 B 0 A R R
I, B 25 L L v e 200 L 9 i) AR i ok 1t 26 95 4
H B RYE RN R A5, %% sk K F NF-kB J& TLR4
TSN T2 —, & h Rel A F %P4 H
P B —RAKSE 5 Horb e P65 R PSO 4H Y
SR R AR B A R, TLR4 U 2R 2 bt
J5, 2 A TLR W [A) 16 4k, 38 i3 58 FE 5 1L K 7 88
(MyD88 ) 1 14 15 5 18 4% AN AE MyD8S8 K At 19 7 5
i PR S NF-kB 724

AT 5T A TV U 3 R A 4 01 Je% e 4 i
BRI I B, 107 P 9 %8 21 44k 2 5 R I RT-PCR
F2 ARG WA [ B 5/ U 2H 21 TLR4 1 NF-kB
P65 M 1 mRNA MRk H 0L, SREdlfb 45 R
SR L Sl TE H AR IE H 2E X AT LA I F /L
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=% TLR4 \NF-xB P65 & H %15, H& A0 A
BOEARKIEF TR EE(P>0.05), 4k
RIZH R ek Ik, LBl 5 B[] A2 4 326 38 74 i 4%
9 N A B ZH TLR4 Ml NF-kB P65 B H Rk
F A& IEH A, AK T Y i R 2 78 45 B[R] A
LRTEEME(P >0.05) . RT-PCR ¥ I 45 % i
T Z K T RN B TE 4 2 4L AT LG
F|/L BB TLR4 \NF-kB P65 mRNA ik, 78 W %
B1.3.5.7 REAW A LA, mRNA Rk 0B %
PEZR (P >0.05), 4 #iA 20 TLR4  NF-xB
P65 mRNA ik fe i , W] b w5 T 1F % 4 R B i A5
RIZH | H B s 1 A R 3% 38 3 7 1 0 5 i 0 A 7Y
44 TLR4 NF-«kB P65 mRNA ik T4 E# 4,
AR F 4 i A 2
WFFE S5 AR, 1E 5 /N BUI 2L 28 AT LA
F|/DEAY TLR4 Fl NF-kB P65 ik, JH I8 15 %
Yo/, TLRA-NF-kB P65 {5 53 fg K50 &
A, I L B o o R O R Tk A L T G 1
B LR TR YL A TLR4 S 5 S5
A K, 2 AN [F] B EATAF 58 & B, AN [R] B
#%/1N B TLRA-NF-kB P65 {553l 2% 1 b L JE AN I,
Ly BRUBAL G 7 I BRI 4 2 TLR4 \NF-kB P65 3
IR TR RS EUN O R T R LA
W EFRER S R BGE T, A1 R TR R %
(A AT B M 2E 5 7 TLRS ()3 BE U
T3 NF-xB P65 553 B Ak, T 51 A 58 14 R 7 K
SRR, L [ B e e AR A S A X S U e Y
PRI L s U™ I, ARAHFSEAE TLR4-NF-«B
P65 {7538 i 1 /N J LI B B & Sk 1) G g 2 L
THRAE T —E ML ITE, 2448, BT Toll FEZ K
PP S B T S RAE F AR 2, 48 T+ 25
25 BN Hdh 5152 = i HL LA T 24 5 5
JR R AR E ST
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